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1. INTRODUCTION

1.1. Dissertation content

Architectural outdoor lighting design is currently based on strictly rule and system oriented
technical lighting design. This method is totally impervious to external feedback and creative
aesthetic development. The focus of my dissertation is on achieving change in the existing
architectural outdoor lighting design paradigm by introducing the use of heuristic metaphors,
modern- and also forgotten lighting design tools in practical architectural lighting design projects.
These new elements are exemplified in the image on the front cover of the dissertation. Most of the
concepts chosen are unknown among architects and other designers, who think, want, claim,
imagine, wish or assume that light is part of their profession. The development of these concepts is
presented in the following chapters.

Basic, but at the same time also partly unknown practical architectural lighting design tools are
introduced in my Master’s Thesis “Lost Shadows”. (Oksanen 2012). This dissertation delves
deeper into the principle structures of the design core and its elements. It opens the doors for
creative aesthetic architectural outdoor lighting design world and can change its paradigm.

1.1.1. The status quo in architectural lighting

The status quo in architectural lighting design is distracting. In my own professional estimation,
more than 95% of those designing lighting projects are self-taught lighting design individuals. Most
universities throughout the world offer only a 2-hour course not even within the framework of any
design, but rather of “building systems”. (Giladi 1987). According to my subjective knowledge and
over 30 years of continual international activities in the field of lighting education and design, the
global situation is still the same as it was in 1987, with some decidedly rare exceptions. For years
the International Association of Lighting Designers (IALD) has worked hard with universities to
make lighting design a notable and integral part of their degree programs in architecture. (http:/
www.iald.org/trust/OutreachtoStudentsofArchitecture.asp). Unfortunately in the USA, for example
lighting design is still integrated into the courses on environment Control Systems (ECS | + 1) in
the schools of architecture. Such ECS courses also include electricity and acoustics.

1.1.2. The status quo in technical lighting

Thousands of pages have been written. Much ink has been expended on technical argumentation
on lighting. We could say that there is already a legacy of technical lighting and this is an outcome
of hard efforts of technically oriented people. In 1900, the Commission Internationale de
L'eclairage (CIE, i.e. International Commission on lllumination) was founded to research oil socks
and their properties. Standardization took a major step forward in 1931 when the CIE introduced
an international trichromatic colorimetry system known as the “CIE System”. Engineers became
active in illumination engineering societies. Sadly, the more visual skills of the lighting designer
declined. The lighting design work shifted from the hands of visually oriented people to the hands
of technically oriented people. Engineers have accomplished much as far as the quantity and
distribution of light are concerned, but lighting design is at the same time unbalanced and skewed.
Because of this, projects also look technical and often suffer from a lack of aesthetic merit. It is
useful to look at and study lighting with open eyes, and to not judge earlier activities, solutions,
norms or recommendations. The study of lighting requires an open mind unfettered by the
judgments of earlier actions, solutions or recommendations.



It is also useful to carefully study existing solutions and their connection to technical lighting
recommendations. This points the way to better architectural lighting design solutions. Past and
present lighting design is largely implemented worldwide by electrical engineers, sometimes in
collaboration with an architect or other design orientated professional. There is also a small group
of professional lighting designers who have educated themselves without the approval of any
official institutions such as ministries of education, academia or peers. These international pioneers
of today’s lighting design together with the rapid technical development of new lighting technology
(for example RGB LED systems) often create a risk of unbalanced lighting solutions which often
look odd. Lighting solutions with a “wow” factor but with no answer to questions such as “Why
color” in the wrong environmental context these result in unfortunate night- time architecture
solutions.

1.1.3. Time as a guiding factor

Time also has been a guiding factor. Architectural lighting design has been guided by major
changes in the sector. Technical revolutions have been so pervasive as to invariably divert
attention from the necessary basic lighting design development. At the moment LED, OLED and
their rapid development are the focal point. Teaching has been minimal. This, in turn, has affected
the entire field (engineers, architects and other light industry actors) resulting in a modest level of
knowledge and understanding of light. The gap between architectural development and lighting
design development is dire indeed and this situation must soon be remedied. This dissertation
includes scientifically proven architectural lighting design material. Universities have only to find
the space in their architectural programs to start to change the world of architectural lighting
design. Light is still the fourth dimension of architecture.

1.1.4. The architectural lighting design context

Technical lighting research has been a well- organized part of electrical engineering science for
over 100 years. It is implemented by technical universities, lighting research centers and
iluminating engineering societies all over the world. Architectural lighting research is a relatively
young and badly organized branch of lighting design research, implemented mainly by individual
students in different schools of architecture and art. Individual students at theater academies focus
on stage lighting, individual students at architecture schools focus on light in architecture and
individual students in interior and industrial design departments of various schools focus on
luminaire design and interior lighting design.

This dissertation is a work of interdisciplinary lighting design research, adding art and science in a
harmonious and useful combination, focusing on the new paradigm for architectural outdoor
lighting. However, it also provides tools and examples for future research on a change of approach
to architectural indoor lighting. The dissertation is based on international lighting research results,
human physiological and psychological research results applications of lighting design elements
and internationally approved personal skills. The dissertation includes a myriad of images because
of the nature of light as a research element.

1.2. Main sources of information

The argumentation for the new heuristic approach of the dissertation is based on a piece of
research entitled “Kestavyys, poikkitieteellisyys ja tietdmisen monimutkaisuus-heuristiikka
avuksi” (Huutoniemi 2014) (rendered in English as sustainability, interdisciplinarity and the



complexity of knowing-help from heurisics) and other research papers and books on heuristics and
metaphor. Basic global lighting research, standardization, and publications have mainly been in the
hands of the CIE since 1913. According to CIE research results, most nations have prepared their
own technically orientated lighting recommendations which generally guide lighting design
processes. International Engineer Society of North America (IESNA) in North America and the
Suomen Valoteknillinen Seura r.y (llluminating Engineering Society of Finland) in Finland to

mention just a few. The dissertation is also based on the lighting research results of Rensselaer
Polytechnic Institute’s Lighting Research Center, located in Troy, New York, USA.

The literature has been based on the library collection of the International Association of Lighting
Designers, lighting handbooks and recommendations. The Psychological research which
decisively influences this new approach (contrast evaluation and lighting composition) is based on
the work of the anthropologist E.T. Hall and the engineer Wout van Bolmmel on human beings’
behavioral zones and approaching in darkness. The American lighting designer Richard Kelly’s
physiological research of “Ambient Light”, “Focal Glow”, and “Play of Brilliance” has been forgotten
and neglected, but plays an important role the work for the present dissertation. The methodology
of classical pragmatism is used as a pivotal “tool” to “transfer” technical lighting research results to
serve architectural lighting design

1.2.1. Research methodology and methods used

The study uses qualitative methodology given the detailed study of lighting design structures and
meanings, as well as enabling the use of C.S.Peirce’s and William James’s classical pragmatism
as a tool for a new paradigm when detailed technical research results are applied to serve
architectural lighting. Pragmatism is a philosophical tradition that began in the United States
around 1870. It is a rejection of the idea that the function of thought is to describe, represent, or
reflect/mirror reality. Instead, pragmatists develop their philosophy around the idea that the function
of thought is an instrument or tool for prediction, action, and problem solving.

Pragmatists contend that most philosophical topics, such as the nature of knowledge, language,
concepts, meaning, belief, and science are all best viewed in terms of their practical uses and
successes rather than in terms of representative accuracy. Thus architectural lighting is an ideal
field for the application of this tool. On the other hand, it is not a valuable tool for technical lighting
solutions, because of possible risk factors (e.g. safety on highways and in warehouse areas). This

method is the only way to do it, because it sets exact lighting research results free for use with
reasonable tolerances.

The dissertation is based on heuristic methods and 19t-century pragmatism, which are introduced
in detail. The dissertation makes reference to many of author’s own projects as case studies in
which these elements play a major role.

The object of research is urban outdoor lighting (roads, streets, pedestrian areas, parks, buildings,
statues, and monuments). The embodiment examples of the pragmatic theory of truth are also
used in interior lighting, as far as the examples serve the point. Otherwise, indoor lighting is
excluded from the study.

1.2.2. Structure of the dissertation
This dissertation is divided into chapters as follows:

Chapter 2 entitled “Lighting design history” is divided into eras and presents background
knowledge and an understanding of lighting.
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Chapter 3 entitled “Modern architectural outdoor lighting elements and tools” presents the basic
aesthetic and scientific tenets of the dissertation. It contains philosophies from the Age of Antiquity
like those of Vitruvius and Aristotle up to contemporary scientists and scholars, the heuristic
studies of Katri Huutoniemi and the studies on metaphor by Nezih Ayriran and citations from these.
Heuristic metaphors guide the rest of the structure of the dissertation in the direction of modern
architectural lighting design with its "hardware” tools and many examples.

This chapter also recalls numerous of forgotten and useful lighting design tools, new and
innovative tools and lighting design process studies. It comprises eight large sections (Heuristic
approach - Metaphors, creativity and architectural lighting identity - Energy and architectural
outdoor lighting - Solar energy & LED & Dimming methods in architectural outdoor lighting design -
Richard Kelly’s design process - Shadow design and darkness design - City lighting master plan
strategies). These sections contain 33 carefully studied and explained subsections. This chapter
also shows that the existing technical lighting design process is rule oriented and systematic,
thereby making the study immune/impervious to external feedback and creative aesthetic
development. At the same time it demonstrates the inefficacy of the technical recommendations,
leading to poor lighting solutions and incapable of serving old and modern architecture and -
spaces. This chapter also presents five different kinds of practical heuristic metaphor examples:
“Lighting composition”, Mariehamn West Harbor — “Building luminaire”, Telenor Building —
“Whispering lights”, Fiskars Village — “Color lighting”, the Finnish National Opera — “Large surface
lighting”, City 2030.

Chapter 4 entitled “Architectural outdoor lighting design concepts” deserves closer examination. It
is the most important element in the whole lighting design process (both indoor- and outdoor
lighting design) after the heuristic metaphor design phase. It describes five different levels of
approaching conceptual design (“Thought free” - “Ideas from the past” - “The Analytic approach” -
“The Gestalt approach” - “The Intuitive unconscious / super-conscious approach”) and six different
conceptual examples of architectural lighting design.

Chapter 5 entitled “Architectural outdoor lighting design methods” presents two different kinds of
professional architectural lighting design methods (Telenor head quarters in Oslo and Mariehamn
West Harbor). They demonstrate the importance of carefully designed methods on projects based
on heuristic metaphors (rarely used because of the lack of architectural lighting design education).

Chapter 6 “Conclusions” presents the answers to my research questions.

1.3. Research questions

Is it possible to create a new architectural outdoor lighting design approach by utilizing heuristics
and metaphors as a problem-solving tool in lighting design?

“Although heuristics is not praised in scientific debate, it has been shown to be a pivotal part of
both experts and laymen’s problem solving” (Dreyfus & Dreyfus 2005;. Kahneman et al. 1982). It is
considered a useful help to generate and transmit ideas, and to cope with problematic situations.
In the rule oriented “technical lighting” design process, where lighting design decisions are based
on rules, norms, and technical lighting recommendations, the heuristic method is a rarely used
design element. In the architectural lighting design process the heuristic approach is a very
important tool after conceptual design approach selection and accomplishing a new metaphor.
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Aristotle was the first philosopher known in history to point out the effective role of metaphors in
creative processes. He defines a metaphor as, “...consists in giving the name that belongs to
something else” (Picot, J-C. 2006). He explains the importance of metaphors: “...ordinary words
convey only what we know already: it is from metaphor that we best get hold of something fresh.”

Both heuristic and metaphorical thinking are valuable elements to cover this research question.

Can we find executable design tools to turn the direction of 100 years lasting technical lighting
design practice towards more artistically orientated architectural lighting design processes?

There is at least one scientific “tool” to put most of the valuable light technical research results with
all its scientific nomenclatures and practical uncertainties to use when defining practical solutions
in real life architectural lighting design projects. That tool is “The Law of the Pragmatic Truth” or in
other words: “The Pragmatic Theory of Truth”.

Can we use those tens of thousands of pages of technical lighting research results in this transition
process to arrive at aesthetic lighting solutions?

This dissertation presents practical project examples of using technical lighting research in a
creative way by using heuristics, metaphors and “The Law of the Pragmatic Truth” as innovative
tools.

What are the benefits of using the first-generation pragmatism of C. S. Peirce and William James
in order to utilize pragmatic light technical research results to serve architectural lighting design?

Technical lighting research is important because of the continuous development of the industry, but
the innovative use of pragmatism gives immediate meaning to technical lighting research results. It
will “release” research findings to serve practical life and projects in aesthetically pleasing ways.

12



2. ARCHITECTURAL LIGHTING HISTORY

2.1. General

Lighting design features 1810-2014 have been in a state of fermentation these two centuries.
Lighting design in particular has been under different kinds of pressure in different decades. In the
following brief introduction | focus on architectural lighting history in a design oriented way. |
present only a brief collection of notable activities during different selected lighting eras, not an
exhaustive study of lighting history. This gives a starting point for understanding the big picture,
which must surely be the main purpose studying history in general and the basic elements of the
subject when making decisions for the future.

All these selected eras in lighting represent periods of transition in the lighting field. They reveal a
clear picture of a relatively short lighting period generally and relatively fast changes in this field.
The selection is also a revelation of the relation between a large technical lighting and a small
architectural lighting community and how just one person, like Sir Humphry Davy in the field of
technical lighting and lighting designer Richard Kelly in the field of architectural lighting can have a
huge influence on the lighting field as a whole. The selection of luminaires in different eras gives a
general view of the design style of the given time period.

2.2. Light before electricity

Until the 18 century people only had two sources of light at their disposal: Natural daylight and the
flame — the latter being the only artificial light source since the Stone Age. These two types
dictated the patterns of life and architecture down through the ages, but a new epoch was ushered
in with the invention of gas lighting and then electric lighting.

| B
\

-
! .
{

L

Figure 1. Lamplighter lighting a gas streetlight in Sweden, 1953. By this time the remaining gas
lamps were rare curiosities. Photo: (Wikipedia 2)

2.3. Electric light (1810)

The first experiments with electric light took place in 1809 or 1810, but the date of these is often

given as 1813. The light source is on the table and electricity for the experiment was supplied from
the batteries which were located in the cellar. However, there are some indications that

experiments on the production of the electric spark between carbons had been performed before
the above named date.
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Figure 2. Humphry Davy demonstrates his new electric light to the members of the Royal
Institution of London 1809. Photo: (Wikipedia 3)

2.4. Quantitative lighting design (1885)

With the advent of electrical lighting, obtaining illuminance levels similar to those of daylight
became a question of how much technical effort one was prepared to invest. At the end of the 19t
century, one attempt at providing street lighting was to mount floodlights on light towers. Glare and
harsh shadow caused more problems than advantages and so this form of outdoor lighting was
soon abandoned.

Figures 3 and 4. The American Electric Light Tower (San Jose 1885): Photo 12: (Wikipedia 4)
Carbon Arc Lamp William Jandus 1895. Photo 13: “1000 Lights 1879-1959”, Tachen 2005,
Cologne. p.18.
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2.5. Experimental era (1900-1913)

The first steps towards the formation of an international body concerned with light measurement
were taken at the International Gas Congress, held during the Paris Exhibition of 1900. Four
hundred gas engineers gathered together in the Palais des Congres at the exhibition, under the
chairmanship of Prof. T.Valt, the president of the Socie’'te’ Technique de I'Industrie du Gas de
France. The result of this meeting was “The Photometry of Incandescent Gas Mantles”. The CIP of
1903, the precursor to the CIE founded in 1903.

The CIE was founded in 1913 in Berlin to study the photometric properties first of gas lighting, later
expanding to other light sources (coils and incandescent lamps.).

Figures 5 and 6. Expo Universelle Paris 1900. (Photo: Wikipedia 5) Josef Hofmann Table Light
1904. Photo: Metropolitan Museum of Art.

2.6. The early days of lighting design (1913-1930)

The invention of the electric light bulb opened up a new frontier in modern architectural design.
These could show how buildings looked after nightfall. The potential of electric light as a new
“Building material” was recognized in the 1920’s and became a useful design tool. Skillful lighting
allowed for theatricality and narrative, a dramatic interplay between light and dark, and a new
emphasis on structure and space.

“As an early example of Mies’s use of light to bring focus and clarity to his architectural
compositions, he incorporated an illuminated double screen of translucent glass that served as an
only source of light for the structure after dark. This glowing volume provided a gravitational center
for the pavilion and a counterpoint to the colored light and illuminated fountains featured across the
fairgrounds after dark.” (Neumann 2010a)
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Figure 7. Barcelona pavilion by the architect Ludwig van der Rohe. 1929. Photo: (Wikipedia 7)

Figures 8 9 10. Gerrit Rietveld Hanging Light 1922 (left). Poul Henningsen Table Liight PH1. 1925
(middle) Marianne Brandt & Hans Przyrembel, Hanging Light. 1926.(right) Photos: “1000 Lights
1879-1959”, Tachen 2005, Cologne.pp. 228-229 (Photo 17) , 240-242 (Photo 18), 236-237 (Photo
19)

2.7. The era of lost shadows (1931-1940)

After the experimental era of 1900-1913, where the first steps towards the formation of an
international body concerned with light were taken (CIE), lighting research increased rapidly. One
of the first elements in the “lighting research field” was “spectral sensibilities” which soon got a
more modern name “spectral sensitivity”. One of the earliest written accounts was found already in
1916 in Matthew Luckiesh’s book “Light and Shade and Their Applications” .... compensate
correctly the spectral sensitivity of the plate....” (Luckiesh 1916, 95)

The spectral sensitivity curve of the eye led to our system of photometry. Photometry is the science
of the measurement of light in terms of its perceived brightness to the human eye. In fact the
measurement of the effects of electromagnetic radiation became a field of study as early as the

16



end of the 18th century. Agreement on the spectral sensitivity curve in the CIE also led to the
development of the CIE chromaticity diagram to provide a system of colorimetry (Photo 11).

In 1931, the CIE (Commission Internationale de L ‘eclairage / International Commission on
lllumination), introduced the international trichromatic colorimetry system, known as the “CIE
System.” This introduction created a standardized lighting design method, and engineers became
active in illumination engineering societies and as practitioners of lighting design. Gradually,
theories changed from the visual skills of the lighting designer to the standardized lighting offered
by the new engineering-based standards. A good thing from the lighting design point of view was
that it gave basic tools for lighting design in general. The sad thing is that lighting design work
shifted from visually oriented people to technically oriented people. This reflects the inability of
engineers and architects to cooperate and the general lack of architectural lighting design
education. Engineers focus upon and provide quantity of light, norms and lighting
recommendations and distribution of light. Engineered projects result in a technical look and often
suffer from lack of visual beauty.

Figure 11. “CIE system”. Photo: http://www.physics.uc.edu

Figure 12: Alvar Aalto Golden Bell Pendant. 1937. Photo: www.bukowskis.com/sv/antiques/
F16/291-Alvar Aalto- taklampa

28. A “One man show” (1940-1969)

Richard Kelly (1910-1977) was an American lighting designer and the highest “ranked” pioneer of
architectural lighting design. Kelly had already established his own New York-based lighting
practice in 1935 before enrolling at the Yale School of Architecture, where in 1944 he graduated
from the war-time “accelerated architecture program” as a BSc in Architecture. Kelly characterized
the difficulty in selling lighting consultancy, then a new discipline, when he reflected "There weren't
lighting consultants then. Nobody would pay for my ideas, but they would buy fixtures." His later
career also saw him lecture at, among others, Yale, Princeton and Harvard.

After his death, the llluminating Engineering Society of North America established the Richard
Kelly Grant in his name to encourage creativity in lighting among young people.

Richard Kelly was a pioneer of qualitative lighting design who borrowed existing ideas from
perception psychology and theatrical lighting and combined them into a uniform concept. His
strongest contribution of all lighting designers in the lighting design world is undisputable. Richard
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Kelly broke away from the rigid constraints of using uniform illuminance as the central criterion of
the lighting design. He replaced the question of lighting quantity with the question of individual
qualities of light. These were designed according to a series of lighting functions, which were in
turn geared towards the perceived observer. In the 1950’s Kelly made a distinction between the
basic functions: ambient luminescence, focal glow, and play of brilliants. (Neumann 2010b).

He co-operated with world famous architects in famous projects like: Glass House, New Canaan,
Connecticut, 1949, architect Philip Johnson / German Pavillion, Barcelone World’s Fair, Barcelona,
1929, architect Ludwig Mies van der Rohe / Seagram Buildings, New York, 1954—-1957, architects
Ludwig Mies van der Rohe & Philip Johnson / Kimbell Art Museum, Fort Worth, Texas, 1972,
architect Louis Kahn, to mention just a few. (Neumann 2010)

Richard Kelly was also a luminaire and daylight designer, working with famous architects and
manufacturers.

Figure 13. Pioneer of quality lighting design: Richard Kelly (1910-1977). Photo: Book: “The
Structure of Light” / Richard Kelly and the lllumination of Modern Architecture”, Yale University
Press, New Haven and London in association with the Yale School of Architecture, ISBN
978-0-300-16370-4, p.2.

Figure 14. Seagram Building, architect Ludwig Mies van der Rohe & lighting designer Richard
Kelly, 1954—-1957. Photo: “Seagram Building at night” by photographer Andreas Feininger/
Time&Life Pictures”/Getty Images.

Figure 15. American Floorlamp, Philip Johnson & Richard Kelly, 1953. Photo: Wikipedia, “Philip
Johnson & Richard Kelly floor lamp”, http://markmcdonald.biz/images/light1.jpg

2.9. The era of architectural reawakening and LED technology (1969-2014)

Professional lighting designers form a relatively small, but visible and active group of people
dedicated to architectural lighting design. They have balanced technically orientated lighting design
since 1969.

When | met Lighting Designer Howard Brandston in Troy New York in 2002 and interviewed him
concerning lighting design history, he explained that there was a real pressure in the 1960’s to
create a common association for architectural lighting designers. Lighting legends like Howard
Brandston himself, Stanley McCandless, Lewis Smith, Abe Feder, Richard Kelly had a meeting in
New York City and decided to found The International Association of Lighting Designers. In the
beginning there were just a few members, but at the time of writing in 2016 it has a remarkable
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number of architectural lighting designers around the world and its headquarters is now located in
Chicago, lllinois, USA.

The IALD: “Founded in 1969 and based in Chicago, lllinois, USA, the International Association of
Lighting Designers (IALD) is an internationally recognized organization dedicated solely to the
concerns of independent, professional lighting designers. The IALD strives to set the global
standards for lighting design excellence by promoting the advancement and recognition of
professional lighting designers. Value lighting designers are a tremendous resource creating
innovative, practical and economically viable lighting solutions. They understand the role of lighting
design in architectural and interior design and utilize their extensive experience and knowledge of
lighting equipment and systems to enhance and strengthen design”.

The unexpectedly rapid development of LED products has also confused the lighting world since
2000. Some kinds of visual overloaded color phenomena have come into effect with easily
implemented RGB LED in unprofessional hands. The lack of university level architectural lighting
design education is exacerbating this problem.
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Figure 16. Light source development. Photo: Osram
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Figure 17. IALD activity "Light Map”, https://www.iald.org/

Figure 18: Freedom LED luminaire,Weikko Kotila & Julle Oksanen, 2012 manufacturer Fagerhult.
Photo: W.Kotila & J. Oksanen. Freedom report.

2.10. Masters of architectural lighting

| selected master’s level architects who have used light as the fourth dimension in their own
architectural designs and whose buildings | have visited and seen with my own eyes (e.g. Louis
Kahn’s Kimbell Museum in Texas, Frank Lloyd Wright’s Taliesin West and Howard Brandston’s
“Lady”, the Statue of Liberty, NYC). This selection summarizes important views of world class
architects on light and architecture. As such it reflects my personal motivation for conducting this
research. The aim is far from a comprehensive outline of the topic, but rather to make the larger
narrative of the dissertation more comprehensible.

2.10.1. Howard Brandston (Modified from http://concerninglight.com/projects/ and
personal discussion at his home in Troy, New York

Howard Brandston founded his own lighting design consulting firm in 1965. It became the New
York City-based Brandston Partnership Inc. During Mr. Brandston’s tenure, the firm completed
more than 2,500 projects in 60 countries, including the relighting of The Statue of Liberty and the
lighting of The Petronas Towers in Malaysia

Howard Brandston received numerous international and national, notable awards and medals and
he also received the Lifetime Achievement Award from the International Association of Lighting
Designers and is the sole lighting designer in the Interior Design Hall of Fame. In 2014, he
received the United States Institute of Theater Technology Distinguished Achievement in Lighting
Award. In his sixty- year career, he has received more than one hundred design awards. For more
than 50 years, he has been an Adjunct Professor, guest lecturer, and visiting professor at multiple
universities around the world. In 1981, he founded the Workshop for Teachers of Lighting, an IES
program that continues to educate teachers to this day. He also founded the Ad Hoc Committee of
Lighting Funding Research Organizations, which led to the establishment of the Lighting Research
Center at RPI. He is a former holder of the Feltman Chair in lighting at Cooper Union, and recently
established The Howard M. Brandston Award in Lighting at Brooklyn College. He has designed
more than 2500 projects in 60 countries.
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Figure 19. The Lady, Statue of Liberty. Lighting design Howard Brandston

“...A lighting designer is what the term says he is — a designer whose field of specialization is light,
... The good lighting designer does not think in terms of equipment, wattage or illumination level.
He thinks in terms of space” Quotation: Personal interview at Howard Brandston’s home in Troy,
New York, Fall 2002.

2.10.2. Le Corbusier (Modified from https://en.wikipedia.org/wiki/Le_Corbusier)

Le Corbusier was at his most influential in the sphere of urban planning, and was a founding
member of the “Congre’s International d’Architecture Moderne”, (CIAM). One of the first to realize
how the automobile would change human agglomerations, Le Corbusier described the city of the
future as consisting of large apartment buildings isolated in a park-like setting on pilotis. Le
Corbusier's theories were adopted by the builders of public housing in Europe and the United
States. In Great Britain urban planners turned to Le Corbusier's "Cities in the Sky" as a cheaper

method of providing public housing from the late 1950s. For the design of the buildings
themselves, Le Corbusier criticized any effort at ornamentation. The large Spartan structures in
cities, but not 'of' cities, have been widely criticized for being boring and unfriendly to pedestrians.
Le Corbusier was a leader of the modernist movement to create better living conditions and a
better society through housing concepts. Le Corbusier had a great influence on architects and
urbanists all over the world. Corbusier also designed buildings. In 2016, seventeen of Le
Corbusier's buildings, spanning over seven countries, were added to the UNESCO World Heritage
Sites list, reflecting "outstanding contribution to the Modern Movement. One reason why | have
selected Corbusier as one of the masters of architectural lighting was his metaphoric ideas at
Notre Dame du Haut, Ronchamp, which is introduced in this dissertation.

Figures 20 and 21. Architect Le Corbusier Notre Dame du Haut, or Ronchamp, Designed by Le
Corbusier. Photo www.Greatbuildings.com
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“The history of architecture is the history of the struggle for light” . “Architecture is the masterly,
correct and magnificent play of volumes brought together in light...I compose with light...Light is
the key to well being.” Quotations: http://www.azquotes.com/author/3274-Le_Corbusier

2.10.3. Frank Lloyd Wright

Frank Lloyd Wright (modified material from Wikipedia, and personal notes in Frank Lloyd Writes
Taliesin West introductory lecture in autumn 2014 at Taliesin West, Phoenix, USA)

Frank Lloyd Wright (June 8, 1867— April 9, 1959) was an American architect although he had no
formal qualification in any field. Nor is there any evidence of high school qualification. He was
admitted to the University of Wisconsin-Madison as a special student in 1886. There he joined the
Phi Delta Theta fraternity, took classes part-time for two semesters, and worked with a professor of
civil engineering, Allan D. Conover. In 1887, Wright left the school without taking a degree
(although he was granted an honorary Doctorate in Fine Arts from the University in 1955). As a
talented person, he was finally recognized in 1991 by the American Institute of Architects as “The
greatest American architect of all time”. He was an architect, interior designer, writer, and educator,
who designed more than 1,000 structures, 532 of which were completed. Wright believed in
designing structures that were in harmony with humanity and its environment, a philosophy he
called “organic architecture”. This philosophy was best exemplified by Fallingwater (1935), which
has been called "the best all-time work of American architecture". His creative period spanned
more than 70 years. His works includes offices, churches, schools, skyscrapers, hotels, and
museums. Wright also designed many of the interior elements of his buildings. Frank Lloyd Wright
wrote 20 books and many articles and was a popular lecturer in the United States and in Europe.
His colorful personal life often made headlines, most notably for the 1914 fire and murders at his
Taliesin studio in Phoenix, USA.

Figure 22. Fallingwater House designed by Frank Lloyd Wright. Photo www.wright-house.com

“More and more, it seems to me, light is the beadutifier of the building...Lighting may be made part
of the building itself.” Quotation: https://www.pegasuslighting.com/Ic-lighting-info/quotations-and-
thoughts-about-light.html
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2.10.4. Louis Kahn

After visiting Louis Kahn’s Salk Institute for Biological Studies in La Jolla, California and his Kimbell
Art Museum in Texas, | totally agree that he was one of the single greatest influences on world
architecture in the second half of the twentieth century, as is mentioned on the book “Louis Kahn”,
written by Professor Robert McCarter. Louis Kahn was an American architect born on the Baltic
island of Saaremaa, Estonia in 1901. According to the book, Kahn described himself as a Finnish
Jew by origin. In the book Professor McCarter provides a comprehensive overview of Kahn’s
architecture. Book also explores key themes and their evolution throughout his career. When | read
the book, | recognized with amazement how Louis Kahn'’s projects, the like Salk Institute, included
great analyses, design processes, construction methods and materials as in my dissertation. He
treated and respected light fairly as a real part of his architecture. Mainly day lighting. Louis Kahn
died in New York City in 1974.

Figures 23 and24. Architect Louis Kahn Kimbell Art Museum designed by Louis Kahn.Photo: Julle
Oksanen

“You can say that the light, the giver of all presences, is the maker of a material, and the material is
made to cast a shadow, and the shadow belongs to the light...” Quotation: http://
www.azquotes.com/author/7694-Louis_Kahn
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3. MODERN ARCHITECTURAL OUTDOOR LIGHTING DESIGN ELEMENTS AND
TOOLS

General

Architectural lighting design is facing new challenges. Fast developing tools in architecture and
other associated professions exert huge external pressure on architectural lighting design. The rule
oriented and systematic lighting design process era has slowly started to fade away. A heuristic
approach, combined with pragmatism, gives a useful “Design Toolbar”, which looks different from
before. This “toolbar” establishes completely new and creative tools for the lighting designers of
tomorrow.

This chapter focuses on those new thinking oriented tools and concepts. All tools and elements
have been compartmentalized in “independent” subsections, even though they are recognized in
different chapters.

3.1. The heuristic approach
3.1.1. Strict methodical professionalism in the fields of lighting research and design

“The scientific method as an empirical and historical category, refers to activities which, if
successful, produce to some extent consistent and predictable results. When the scientific field
(also including smaller scientific scale fields like technical lighting), is aging and its foundation and
paradigm mature, the scientific method evolves” (Huutoniemi (2014)

In the technical lighting field "normal science" explains and justifies itself as a rule oriented and
systematic process, while in new or fragmented fields and sectoral borderlands (as in relatively
young architectural lighting) ought to foster virtuosity, personal knowledge, and creative talents.
These elements, which are very important in the creative architectural lighting design process, are
not necessarily achievable with formal education alone. However, this does not eliminate the
feasibility of teaching creative architectural lighting design, for example, to talented architecture
students.
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Figure 25. Left: A strictly rule orientated and systematic process scheme of the technically oriented
lighting field makes the study immune to external feedback and creative aesthetic development.
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Right: The structure of the interpretation frame for a creative architectural lighting design process.
Figures: Julle Oksanen.

A strictly oriented and systematic technical lighting design (Figure 25 left) is located inside the
quadrate “Static” and “Light” in Figure 25 right. The structure of the interpretation frame for the
architectural lighting design process (Figure 25 right) includes horizontal and vertical lines; “Light/
shadow” — Spatial and quantitative features of lighting; “static/creative” — temporal and qualitative
features of lighting. The quadrates formed specify the dispersed locations of all important and
creative architectural lighting design elements. These elements are important design tools and are
introduced in Figure 27, which also has specified centers of gravity for Richard Kelly’s philosophy
and the Japanese lighting design tradition.

3.1.2. Heuristic approach

The genesis and the first and widespread manner of approach to teaching chemistry in the United
Kingdom was heuristics. It defined a learning process in the late 1800s. Heuristics emphasized
observations and learning measurement skills independently in different problem situations. The
problem definer was usually a teacher and the approach was assumed to impart scientific methods
and principles. The heuristics pioneer H. E. Armstrong explained his approach claiming that by
means of experimental research information can be found which others have to achieve by forcibly
learning by heart and following demonstrations. Armstrong stressed particularly the importance of
doing things and understanding them.

After a process of maturation over time, a heuristic technique (from the Greek word: “to find” or “to
discover”), later simply called a heuristic, is involved in any approach to problem solving, learning,
or discovery that employs a practical methodology not guaranteed to be perfect, but adequate for
the goals in question. Heuristics can be used in most areas of work and study. In cases where an
optimal solution is impossible to achieve or is impractical, heuristic methods can find a satisfactory
solution. Heuristics can be used as a mental shortcut reducing the cognitive burden of decision-
making. Examples of this method include using “a rule of thumb” (see subsection 3.4.2. “Solar
energy by project bases” — “Rule of thumb” calculation for solar energy). In that heuristic calculus
the advantages of the system were soon confirmed. No very precise and scientific calculations
were necessary, because the result was obvious, and on that basis the project could proceed
without any doubt about its functioning. Other heuristics as mental short cuts: An educated guess,
intuitive judgment, stereotyping, profiling or common sense.

George Polya’s Book “How to solve it’, published in 1945, introduced some other commonly used
heuristics:

If you are having difficulty understanding a problem, try drawing a picture. (A case in point
is my clarifying drawing in Figure 27, The complexity and dispersal of design elements (and
tools) in the relatively young architectural lighting design field).

If you can’t find a solution, try assuming that you have a solution and seeing what you can
derive from that (“working backwards”).

If the problem is abstract, try examining a concrete example.

Try to solve more general problems first.

A “Heuristic device” is used when an entity A exists to enable the understanding of some other
entity B. A great and much used example of this in architecture and architectural lighting is a model

25



that, as it is never identical with what represents, is a heuristic device to enable the understanding
of what it models.

Figure 26. Practical example of using a “heuristic device” in the Museum of Contemporary Art in
Finland, Kiasma. From left to right: Kiasma is ready and in use - Model on a scale of 1:2, located in
the National Research Center’s testing area - Inside the exhibition room of the fifth floor model -
Exhibition room completed. In the model we studied daylighting values over one year and the
functioning of the light coves.

“Stereotyping” is a type of heuristic that all people use to form their own opinions or make their own
judgements about things that they have never seen or experienced (Oversimplified conception).
Stereotypes are the pictures that we have in our heads which are built around personal
experiences as well as what we have been told about the world. In social psychology a stereotype
is a thought that may or may not accurately reflect reality.

Stereotyping is, or at least can be, a disturbing factor in architectural lighting design projects where
team members have no architectural lighting design education at all.
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3.1.3. Heuristics in the architectural lighting design process

Dispersal of the creative architectural lighting design elements (important design tools) introduced
in Chapters: 3.2 - 3.7 are illustrated in Figure 27 as follows:

“Metaphor, creativity and architectural lighting identity” (Chapter 3.2):

The use of heuristic design tools (lighting research results, approaching in the dark, Richard Kelly
and Hopkinson ladders, the law of the pragmatic truth and solar energy) create a “New metaphors”
segment, which can change the position of the new paradigm towards the creative and shadow
quadrate.

“Energy and architectural outdoor lighting” (Chapter 3.3), “Solar energy, LED and dimming’-
methods in outdoor lighting design” (Chapter 3.4):

These are very important and practical tools in daily work to reveal elements as the tools of
Chapter 3.2 (lighting research results, approaching in the dark, Richard Kelly and Hopkinson
ladders, the law of the pragmatic truth and solar energy) to implement darkness design efficiently
and sustainably in real life design work.

“Richard Kelly’s design process” Chapter 3.5):

Richard Kelly’'s segment is on the other hand a “technical separation” of light and at the same time
a very important tool for creative lighting design. A very effective element in creating new
metaphors.

“Shadow and darkness design” (Chapter 3.6):

A light and shadow composition segment is a result of using a shadow and darkness design as a
equal partner for a lighting design. These partners can form a great composition together which
can have a major influence on the lighting design concepts segment, which can change the
positions of new metaphors - and new paradigm segments.

“City lighting master plan strategies” (Chapter 3.7):

This chapter (especially “Futuristic City 2030”) covers all the elements and segments of Figure 27.
Richard Kelly’s principles (ambient light from large surfaces, focal glows from detailed light
elements etc.), perception psychology, and approaching in the dark lighting values, necessary
lighting design calculations, solar energy solutions, composing light and shadow, Hopkinson’s
ladder calculations(indirectly), new lighting design concept - metaphor and change of paradigm.
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Figure 27. The complexity and dispersal of design elements (and tools) in the relatively young

architectural lighting design field. This is a field open to innovative and creative designers. The
diagram demonstrates the necessity of heuristically analyzed metaphors. A strictly rule oriented
and systematic process scheme of the technically orientated lighting field, which is introduced in
Figure 25, belongs to the oval box bottom left “Technical lighting research”. Photo: Julle Oksanen

The strict methodical professionalism required by practice is not likely to contribute to the
sustainability of a more general social aspiration. While consolidating of methods enables the
accumulation of learning and knowledge in a specific field, it creates the boundary between
experts and amateurs, and thus makes the study immune to external feedback and development
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pressures. Although the settlement of patterns of specialization is natural in many problem-oriented
areas — like technical areas, health sciences, “design research”, design, etc. (e.g. Cross 2007) — it
is poorly suited to creative architectural lighting design and research which touch on a broad and
diverse range of actors (architects, interior designers, industrial designers, physicists,
anthropologists, engineers, etc.). This fact feeds a transformation process from methodology
towards heuristics.

Turning attention from methodology to heuristics in architectural lighting design is not an invitation
to abandon the systematic pursuit of knowledge, only the pursuit of invoking universal technical
lighting arguments. In this sense, the heuristic approach is close to pragmatism (e.g. Dewey
1929). Pragmatism sees knowledge as a part of practice, and emphasizes the adaptation of the
methods used as a result of trial and error. Truth and knowledge are compared with that which
"works," but as the social theorist Stephan Fuchs points out, it is not about the functioning of a
single part, but of the whole system. (Fuchs 2001) Later in the dissertation, pragmatism and also
heuristics play important roles in the successful architectural lighting design process through
examples and metaphors. These examples are combinations of different conceptual design
approaches (most of them analytic and intuitive), heuristic treatments, and accomplished
metaphors.

Examples can be found in:

3.2.3.1.1 Heuristic Metaphor: “Whispering Lights”, Fiskars Village

3.2.3.1.2 Heuristic Metaphor: "Lighting Composition”, Mariehamn West Harbor
3.2.3.1.3 Heuristic Metaphor: “Building Luminaire”, Telenor Building

3.2.3.1.4 Heuristic Metaphor: “Color Lighting”, Finnish National Opera
3.2.3.1.5 Heuristic Metaphor: “Large Surface Lighting”, Hypothetical City 2030

Although heuristics is not praised in scientific debate, it has been shown to be a pivotal part of both
experts’ and laymen’s problem solving (Dreyfus & Dreyfus 2005;.Kahneman et al.1982). It is
considered a useful help to generate and transmit ideas, and to cope in problematic situations. In
the rule oriented “technical lighting” design process, where lighting design decisions are based on
rules, norms, and technical lighting recommendations, the heuristic method is a rarely used design
element. In the architectural lighting design process, the heuristic approach is a very important tool
after conceptual design approach selection and accomplishing a new metaphor.

3.2. Metaphor, creativity, and architectural lighting identity

3.2.1. Baseline

The lighting design process is an easy task if it is merely a matter of complying with the national
lighting recommendations. A professional architectural lighting design process is not an easy task
and needs professional tools for processing. Metaphor is paramount in this and the basic element
for heuristic treatment. The author’s own practical examples are introduced in subsection 3.2.3.
“Heuristic metaphors in architectural lighting design” and in more detail in chapter 4.3. "Introduction
of different conceptual examples”

Genesis: Aristotle was the first philosopher known in history to point out the effective role of
metaphors in creative processes. He defines a metaphor as, “...consists in giving the name that
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belongs to something else” (Picot 2006). He explains the importance of metaphors: “...ordinary
words convey only what we know already: it is from metaphor that we best get hold of something
fresh..”.

3.2.2. Metaphor in architecture

As far as architectural philosophies “serve” light, which is “The Fourth Dimension of Architecture”, it
is good to take a brief look at the long history of metaphor in architecture. The significant role of
metaphors in the formation of architectural identity has been realized and applied by architects
since Vitruvius. Sometimes it is a conscious process and sometimes it is an unconscious process.
When architects implement this tool, they create works of architecture, which are indelible
reflections of the human mind. There are many architectural achievements indicating a strong
correlation between the design approach based on metaphor and effective architectural identity. “It
is seen that many architects have generated new images by triggering their imagination by
overlapping two or more discrete images in their minds through homospatial thinking, particularly
related to properties of a project topic or site area. Prominent architects such as Wright, Taut, Le
Corbusier, Tatlin, Fuller, Cansever, Correa, Calatrava, Holl, and Libeskind have been able to
generate multilayered, sophisticated and significant meanings through this approach. The
important point here is that these significant meanings are not entirely new; as a matter of fact
these are the metamorphosed forms of one or more existing meaning through “homospatial
thinking™ (Ayiran 2012).

3.2.2.1. Example based on metaphors prior to the modern movement

The ideas about the role of metaphors in architecture date back to the Age of Antiquity. Almost two
millennia ago Vitruvius suggested the use of nature as a metaphor and the observation of things
growing, like a tree. He also points out that when people adopted a sedentary lifestyle, some built
shelters for themselves resembling bird’s nests by taking inspiration from swallows. As nature
designed the human body symmetrically, perfect buildings, particularly temples, were designed by
the ancients to be symmetrical. The reason for the effective identity of Gothic architecture is
associated with its use of the structures of natural entities and natural processes as metaphors.
Perronet described the metaphorical basis of Gothic architecture as follows: “The magic of these
buildings is explained largely by the fact that they were built in some degree, to imitate the
structure of animals; the high, delicate columns, the tracery with transverse ribs, diagonal ribs and
tiercerons, could be compared to the bones, and the small stones and voussoirs, only four or five
inches thick, to the skins of these animals. These buildings could take on a life of their own like a
skeleton or the ribs of a boat, which seem to be constructed using similar models” (Perronet 1770).
“The constructive success and distinct identity of Gothic architecture could be attributed to the
synchronization of its structural system with the “natural flow of forces” and in this sense the
application of natural processes as metaphors”. (Schuyler 1894).
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Figure 28. Symmetric interior of Notre Dame Cathedral in Paris, France. Vitruvian man metaphor.
Photo: Magnus Manske
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Figure 2916. The Vitruvian Man, Italian: Le proporzioni del corpo umano secondo Vitruvio, drawing
by Leonardo da Vinci around 1490

According to “Leonardodavinci.stanford.edu. Retrieved 2010-08-20": “Leonardo Da Vinci’s drawing
of the Vitruvian Man is accompanied by notes based on the work of the architect Vitruvius. The
drawing, which is in pen and ink on paper, depicts a man in two superimposed positions with his
arms and legs apart and inscribed in a circle and square. The drawing and text are sometimes
called the Canon of Proportions or, less often, the Proportions of Man. It is kept in the Gabinetto
dei disegni e stampe of the Gallerie dell’Accademia, in Venice, Italy, under reference 228. Like
most works on paper, it is displayed to the public only occasionally”. The drawing is based on the
correlations of ideal human proportions with geometry described by the ancient Roman architect
Vitruvius in Book Il of his treatise De Architectura. Vitruvius described the human figure as being
the principal source of proportion among the classic orders of architecture. Vitruvius determined
that the ideal body should be eight heads high. Leonardo's drawing is traditionally named in honor
of the architect. The connection of this drawing to metaphors is symmetry, some kind of a Vitruvian
Man metaphor.
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Example from Le Corbusier, Ronchamp Chapel:

Ronchamp Chapel, built in 1955, has a strong identity which is based on theological metaphors.
The many sketches clearly demonstrate that Le Corbusier is trying to establish a mystical
relationship between Mary’s body and the Church. In the chapel, there is another metaphorical
layer. It is interaction with mortuary sculptures in the Brittany region of France (Samuel, 1999).

2+

Figure 30. A lithographic print of the Iconostase structure of Le Corbusier's Poe’me de I'Angle
Droite. Photo: LeCorbusierPrints.com.
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Figure 31. Chapel of Notre Dame du Haut - Ronchamp Chapel, designed by Le Corbusier. Photo:
Lucas Gray.

Figure 32. Inside the burial chamber at Mane Braz, Brittany, France. Photo. http://
www.wikiwand.com/en/Megalith
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3.2.3. Heuristic metaphor in architectural lighting design

As is the case in every other field of art, one of the most important purpose of architectural lighting
is to reveal a unique night-time situation which has never been experienced before (at least at the
site under the design work), and broaden the feelings, thoughts, and imagination of observing
human beings. An enjoyable, innovative, and unique lighting design solution creates a good
memory of the space in the observer’s mind. It is not important what kind of hardware or software
have been used (like design processes, luminaires, teams etc.). The result is all that matters. The
best possible result would be if the observer could remember no light “technical” details at all, such
as what kinds of luminaires had been used etc., but remembers the space as a pleasant place to
visit.

Considering that the concepts of identity and uniqueness are close enough to be used for this, the
main purpose of architectural lighting can be defined as designing a lighting solution which has a
certain and unique identity. Heuristic metaphors seem to be beneficial instruments compared to
several other methods and approaches applied by architectural lighting designers (whatever
professional group they represent) in order to achieve this purpose. Heuristic metaphor is the first
and most important step towards the successful architectural lighting design process and end
result. It shapes the rest of the lighting design process. | illustrate this with an example:

Practical example: Mariehamn West Harbor area./ Glowing harbor.

DEN GLODANDE HAMNEN

Vardet ar en fiardedel av de

koms av en "normal vagbelysningsarmaturs reflex
yta P4 detta satt kan man skapa en komposition
av belysrang och pa nikiigt forma hamnens kvall
sarkiektur

First our client gave us a design area. We visited in the area and made notes, photos, and
interesting findings. In this phase | already got a metaphoric idea or a collection of metaphoric
ideas (During my personal design career | have collected a “metaphor library” in my mind and
created an application for this project area ). The dark sea looked scary from the quayside and |
wanted to create a white and humble light- a veil to emulate it, a glowing harbor. The 100- meter
vessel Pommern with its 50- meter high masts was quite naturally a focal glow of the space
(element from Richard Kelly’s metaphoric process), the beautiful long shape of the harbor path and
the new museum building under construction combined to shout out a lighting composition. Soft
classical music in the silent light. Strong contrasts and a modest white veil of light. The metaphor
was created quite soon. Its heuristic treatment can be seen in subsection 3.2.3.1.2 and section
3.6.8. Lighting design “eureka” elements, the heuristic tools, are introduced in Figure 33. In this
project a metaphor as a heuristic tool led the design to a successful conceptual philosophy and the
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use of the right tools later in the concept plan, master plan and detailed design plan. Conceptual-,
Master plan and detail design reports are added as an appendix to this dissertation.

Engineers
Techmical solutions “Bnght Light”
Lighting
CIE etc Recommendations . Glary
Too much light
- Light pollution
No visual beauty
Richard Kelly's |Custom designeq -
design process Luminaires
Ambient Light ot -Design
Focal Glow ighting Technics
Composes p
Play of Brilkants AOMposNs -Context
Soft Light / “Utsuroi’
Users Expeclabions Song
-Pauses - Time
Noles Computer - Gradation
People - design -Transformed
-Culture contrast
Social status Visual
-Money -Technical Music& Light 1
Dynamic Lighting
Aesthetical Lighting
Design Procedure
Color Poetry & Light |
-Gradation ) 5
) Timing Culture Human Scale U:i:g: (_’rg::‘;
-Design master Plan
-Human beings -(q,qn:cxx
-Typography vae
nature )

-History

Figure 33. Lighting design “eureka” elements in heuristically analyzed metaphors. The heuristically
analyzed metaphors are in the central position. The five smaller circles are project examples which
are introduced in the dissertation. “Whispering Lights” refers to the Fiskars Village project, “Lighting
Composition” refers to the Mariehamn West Harbor project, “Building Luminaire” refers to the
Telenor Building ptoject, “Large Surface Lighting” refers to the hypothetical City 2030 project,
“Color Lighting” refers to the Finnish National Opera project. Drawing: Julle Oksanen

A strictly rule-bound and systematic technical lighting design process, named later on in this
dissertation the “Thought Free” method, is a process that many people use. They define the
problem, apply the science and light the space. Usually this is a process of applying calculations
and meeting specific quantitative needs. But quality, intuition, and feeling are required for success
in most lighting applications. This may not really be a “thought free process” but it is usually free of
feeling. Aesthetic architectural lighting design needs heuristic metaphors. Sometimes the
metaphoric concept can be found either throughout trial and error, or comparing many deeply
thought-out possibilities and selecting the best one. Depending on the case, there are many
factors which influence this decision, such as personal skills, personal semiotic connections,
personal general attitude towards design, space itself, limitations like the client’s budget, etc. The
idea selected may come into the designer’s mind immediately (as in the case Mariehamn West
Harbor case) or sometimes it may take even a year (as in the case of Fiskars Village). Whatever
final heuristic metaphor has been selected, the elements of Figure 33 are present. Architectural
lighting designers only have to find and recognize them and use them according to their design
abilities.
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3.2.3.1. Architectural lighting examples

The dissertation includes a comprehensive package of architectural lighting design material,
focusing on giving answers to the research questions. In order to avoid overlapping information
and breaking the logical structure of the dissertation, the heuristic metaphor material is introduced
in this subsection briefly, creatively and focusing only on the main metaphorical structuring.
Treatments of heuristic metaphors are introduced in greater detail in the relevant places in different
subsections.

3.2.3.1.1. HEURISTIC METAPHOR: “WHISPERING LIGHTS”, FISKARS VILLAGE

“Heuristically analyzed lighting design metaphor element” — “findings” in words: Poetry & Light —
“Utsuroi” — Gradation of shadow and light — Whispering lights — Glare free — Focusing light —
Shadow is the best friend of light — Light & Sound in water fall.

Fiskars mill village is a very poetic place with more birdsong than manmade noise. Large oaks, a
small river and a pond guided us to select a “poetic lighting solution”. It led us to avoid glare so
much that we wanted to hide all light distribution surfaces with a glare-free solution. We told our
client that we would accept project if we could start from complete darkness, because we felt that
in this case we were more designers of shadows than designers of lighting. Shadow is the best
friend of light. The flow of the river was music for the area and we wanted to illuminate that flow
and sound. Light & Sound in a water-fall. At that time, in the late 90’s, it was difficult to follow our
dream to prepare a great gradation for lighting elements, because we had to use gas discharge
lamps and dimming was not an option. We had to operate with luminaire wattages and in some
cases, like the black brick building (introduced later), we had to use gray filters to achieve low
illuminance values. We called it whispering lights. We had to think in a more metaphorical way than
thinking of numerical values of luminance, illuminance, etc. Heuristics had a strong role as we tried
out different light sources, luminaires, and luminaire constructions. One night when we testing
luminaires to illuminate trees, the people of Fiskars thought that we were butterfly researchers.
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Figure 34. This metaphor design process is introducd in Chaper 3, subsection 3.6.7.”Darkness in
Fiskars Village area’. Design Vesa Honkonen & Julle Oksanen. Photo: Vesa Honkonen.

This type of metaphor is useful in extensive rural areas and in illuminating picturesque landscape
areas. The existing lighting practice for such areas normally consists of road lighting and
illuminating building entrances. Uncontrolled light pollution from road lighting is the only light to be
found in the environment. (Only approx. 30% of light flux from a road lighting luminaire reaches the
road surface). The use of metaphor is an artistic and professional substitute for existing solutions.
In many cases lighting the nature can compensate for the whole road lighting system. Absence of
glare and the hidden light distribution surfaces of luminaires form an inviting environment and take
rural landscape beautification to a new level.

3.2.3.1.2. HEURISTIC METAPHOR: "LIGHTING COMPOSITION*, MARIEHAMN WEST HARBOR

“Heuristically analyzed lighting design metaphor element” — “findings” in words: Music and Light —
Richard Kelly’s design process — Shadow is the Best Friend of Light — Contrast: Black sea and
white soft light veil — Poetic light.
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When we visited the project site for the first time, the sea was really calm and sinister. We wanted
to build up a recognizable “Jing & Jang” space by designing a white and humble light veil as a
partner for a vast black surface of the sea. Some kind of Jing & Jang meeting point. Yet an evenly
illuminated harbor would have been dull, so we also wanted to use Richard Kelly’s design process
(explained later) to achieve some contrast in the harbor area. We had the metaphoric idea of
adding music and light by preparing different kinds of lighting compositions on the area.

We were so excited about this metaphor that we started our first, conceptual report with a poetic
story “Den glédande hamnen” (“The glowing harbor”).

DEN GLODANDE HAMNEN

Dé morkret ndr Vasterhamn, forvandlas rummet
med elekinsk belysring tll en “glodande hamn®
Hamnen forvandias till en harmonisk partner med
det slumrande mystraka narkggande havet Van
drarens sial nds av eft lugn i rummet, till en mot
sats till den hektiska vardagen Hamnens belysn
ing ar en komposion 1 us De obka tvarsntiens
kompositioner finns péa de follande sidoma
Hamnen saknar helt blandning

Lusdistnbutionsytoma pa de flesta armaturer ar
gomda_ Ljushetsgrademna i reflexslavorna hos de
Brando armaturer som anvands for att producesa
grundbelysningen | hamnen motsvarar helt det hus
som astadkoms vid fullméne (3000-5000 cd/m2)
P detta st blir det It att se skarpt eflersom
vaviuminansen uteblir frdn nathinnan

Vardet ar en fiardedel av den ljushet som dstad

koms av en "normal vagbelysningsarmaturs reflex
yta Pa detta satt kan man skapa en komposition
av belysrang och pa nkbgt forma hamnens kvall
sarkitektur

Figure 35. The Mariehamn West Harbour lighting design project is a good example of a fairly long
suburban area. Lighting design Julle Oksanen Lighting Design LtD, Julle Oksanen & Oliver Walter.
Photo: Oliver Walter
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Figure 36. This metaphor design process is introduced in Chapter 3, section 3.6.8.”Lighting
Composition”. This lighting composition was made for architectural section 3. The horizontal line
includes the geometry of the section and different elements on it. The vertical line refers to
horizontal illuminance in Ix. Lighting design Julle Oksanen Lighting Design LtD, Julle Oksanen &
Oliver Walter. Photo: Oliver Walter

Figure 37. Lighting composition in Mariehamn West Harbor on architectural section 3. Photo:
Petteri Oksanen
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It is good to use strong contrasts when composing lighting, because our eyes work logarithmically
(which is why we can see in full sunlight and in dark forest). A luminance meter works linearly.
Glare must be completely excluded by using either reflected light (light coves) and/or using
luminaires with lower brightness of lighting distribution surfaces than moon brightness (as in the
Brando luminaire, introduced later) and narrow beams in cases of straight lighting distribution
(strong cut-off type luminaires).

“Play of Brilliances” are the high masts towards black night sky, “Focal Glow” is the glowing
museum and “Ambient Light” is the white veil over the area, produced by “Brando”- luminaires.

When a designer introduces his/her lighting composition to the customer, it is important to sing or
play (on an instrument or CD recorder) the light composition to impart a flavor of the feelings
included. | personally always sing my lighting compositions to customers and listeners by moving a
laser pointer at the top of the composition and increasing or decreasing my singing volume
simultaneously with the horizontal movements of the laser pointers from left to right.

3.2.3.1.3. HEURISTIC METAPHOR: “BUILDING LUMINAIRE”, TELENOR BUILDING

“Heuristically analyzed lighting design metaphor element” — “findings” in words: Darkness and
Norwegian nature — Northern stars — Building as a luminaire — Vertical lighting values on a plaza —
Darkness flows from the fjord through the building — No extra luminaires needed — New luminaire
design — Indoor lighting is outdoor lighting — Light & Darkness, pairs in life.

According to personal knowledge, visits to Norway and without any scientific facts as background
information, we felt that Norway is a silent, foggy and shadowy country where honest people walk
about silently in pullovers. We wanted to bring slowly flowing darkness from the fjord to the plaza
and through the buildings. Light & Darkness, pairs of life combined together beautifully and
seamlessly without any conflict. This meant that we did not want to use any “extra” luminaires on
the plaza. Huge vertical glass walls were our luminaires. Building as a luminaire. Based on this
metaphorical notion we used indoor lighting as outdoor lighting. We made some heuristic
calculations taking into account both indoor and outdoor lighting demands and found that we had
to design a new indoor luminaire (Notor). The whole project (Indoor lighting and plaza) was
iluminated by eight kilometers of Notor luminaires. Indoor lighting on the atrium areas included
large, glare-free lighting solutions and freedom to see the northern stars from the undisturbed
lights.

Figure 38. Example of glass fagades as huge and efficient luminaires with low surface brightness.
This metaphorical design process is introduced in Chapter 5, subsection 5.2.”Pragmatic lighting
design method example: Telenor”. Photo: Jan Drablos

In this kind of unique metaphor, it is important first to use “lumen method” calculations to ensure
the functioning of the selected metaphor strategy. The calculation principle is introduced in
subsection 3.6.11 “Architectural lighting calculations / The lumen method” and practical glass
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building calculus is introduced in subsection 5.2. The final calculations would be best done on a
computer in order to achieve sufficiently accurate results.

One type of variation of this metaphor: Kaoru Mende’s Tokyo Club building:

Figure 39. Example of metaphor variation where glass facades have a clear vertical contrast
gradation and the building becomes an object d’art and luminaire for nearby areas The Tokyo Club/
2005 Tokyo, Japan. Lighting designer Kaoru Mende. Photo and text: “DESIGNING with
SHADOW?”- Kaoru Mende + Lighting Planners Associates Inc. ISBN978-4-89737-683-7 . p. 26-27.

Other variations on this metaphor: NAMA, designed by Steven Holl:

Figure 40. Example of variations on a metaphor where the glass buildings are huge, glowing, and
evenly illuminated luminaires of the city / town. Nelson Atkins Museum of Art (NAMA). Design
Steven Holl. Photo: Julle Oksanen
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3.2.3.1.4. HEURISTIC METAPHOR: "COLOR LIGHTING", FINNISH NATIONAL OPERA

“Heuristically analyzed lighting design metaphor element” — “findings” in words: Art and color
lighting — Kinetic lights — Changing spirit of the building — Cube as a messenger — Performance
day and specialty — Everyday life and light.

The existing fagade lighting of the Finnish National Opera looks like any other typical facade
lighting, because it is treated like a typical large public building. In our opinion the lighting needed
an artistic touch and completely new spirit and “soul”. On weekdays the building could be
illuminated like a “candle”; Light from indoors flowing out to freedom creating interesting contrasts
and clear difference compared to any other building near-by. Everyday life but a different light.
With the approach of a new performance, the spirit of the building would change completely. The
huge cube above the stage would change to become a messenger with its kinetic color lights while
the rest of the building is only lit from within, inviting people to come inside. Colors and images on
the cube surface would follow the same elements as the performance itself. On the opening-night
the cube would only glow the color of the performance and artists and/or other images would be as
if they had fallen on the stage in the middle of a scene. After the performance, as the people leave
the building, they could feel how the building has given everything, but is still breathing the same
colours as in the performance, on both the building surfaces and the forecourt.

Figure 41. This metaphor design process is introduced in Chapter 4, section 4.3.3. The Finnish
National Opera, Helsinki. Photo: Julle Oksanen Lighting design LtD, Julle Oksanen & Oliver Walter.

This metaphor should be used with caution. Colored light is a strong visual phenomenon and can
be very disturbing in the wrong context or when overused. Another disturbing element is that it is
very easy to implement with the new LED technology and anybody can be a lighting designer with
low voltage LED systems. The other reason for being cautious with colored lighting is that we do
not know much about its effect on human beings.

Three interesting research results from the Aalto University lecture material “Valo, varjo ja véri -
UIAH’, http.//www.uiah.fi/akk/kuvasom/fotw.htm , “Psychological color” and its effects on human
behavior (Author not marked on the lecture material) also support the careful use of colored
lighting:

- The area is difficult, since the related research findings are not easily measurable.
- Colour psychology research studies have produced contradictory results.
- Few controlled trials have been conducted.

My personal subjective view is that the important elements of this metaphor are the context and
the ability to answer the question “Why use color”. If the only argument is that “Color light is fun”,
which it generally seems to be, is not enough and reflects an immature view in design. Abundant
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use of color lighting at night-time architecture leads over time to a general mental saturation
among residents.

This has happened, for example in Qatar, according to a comment made to the author by a Qatar
prince via a potential main architect during the Qatar architectural outdoor lighting project
negotiations. The project consisted of a 2km x 16km outdoor area from the beach to the prince’s
palace. His Highness asked the main architect to inform the lighting designer that “No color lighting
will be accepted in this project”.

Figure 42. Doha Qatar skyline at night in September 2012. Colors without contextual analyses
create a restless view instead of mental harmony, causing mental confusion. According to the
author’s own experiences of Asians, the owner of a building wants to have more light and more
colors than in a neighboring building. Photo: (Wikipedia 8)
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Figure 43. A valid argument for using red color in the Allianz Arena fagade lighting in Germany is
the red color of FC Bayern Munchen. Red is not the only color and is used when needed for
promotional purposes. Photos: (Wikipedia 9)
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3.2.3.1.5. HEURISTIC METAPHOR: "LARGE SURFACE LIGHTING", HYPOTHETICAL CITY2030

“Heuristically analyzed lighting design metaphor element” — “findings” in words: City without poles
and ugly luminaires — Sustainability — Solar energy — LED panels integrated into building structures
— Richard Kelly’s “Ambient Light”, “Focal Glow” and “Play of “Brilliants” — Totally glare- free solution
— Money, Pay-back time a few years.

Subjectively, and, | believe, also the general collective opinion is that lighting a large surface has a
calming effect and creates mental harmony. When using large light distribution LED surfaces as a
luminaire, the glare is absent, meaning that there is no veil luminance on the retina of the eye. The
space is peaceful, the contrasts are clear and it is easy to see the details. Resolutions of different
shadow gradations are excellent and easier to do than in a glary situation where numerous post
tops and/or road lighting luminaires “shoot” light beams into observers’ eyes causing veiled
luminance on the retina. A large surface lighting solution creates an elegant "Ambient Light" for the
space. It is enjoyable to design "Focal Glow" and "Play of Brilliants" elements in this kind of
environment. Well-designed large surface lighting totally eliminates the use of separate road and
street lighting luminaires. Nocturnal city beautification is easier to achieve without big, ugly and
glary light fixtures with their high and massive columns. Solar panels, which are integrated above
the LED panels on the structure, will produce remarkable amounts of free and clean solar energy
for our use. Pay-back time for the investment can be easily calculated.

Figure 44. Large surface lighting. This metaphor design process is introduced in Chapter 3, section
3.7.4. “Lighting master strategy for a hypothetical future dream Large Surface Lighting City called
City 2030”. Design Julle Oksanen photo:Oliver Walter and Dan Silberman

All the following sections and subsections in this chapter and the following full chapters and their
sections and subsections are based on sections 3.1. (The heuristic approach) and 3.2.
(Metaphors, creativity and architectural lighting identity) philosophies. They are the determining
pragmatic elements of architectural lighting design processes and tools.

3.3. Energy and architectural outdoor lighting
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3.3.1. Energy strategies from the perspective of lighting design

“Under pressure” from light pollution and global warming (carbon dioxide emission) problems,
CELMA, the Federation of National Manufacturers, Associations for Luminaire and Electro
Technical Components for Luminaires in the European Union, issued a guideline on obstructive
light in 2007. Some countries in the EU area have added this obtrusive lighting element to their
national lighting recommendations. The prevention of global warming has also led to international
agreements in both the USA and EU. In Finland the process development on energy efficiency
agreements was planned to be implement between 2008-2016 by the Ministry of Employment and
the Economy. The first implemented actions in the lighting world included a ban on certain types of
incandescent lamps in 2011. The next step will be to ban inefficient gas discharge lamps (light
efficacy less than 50 Im/W) in 2016. This will cause problems for electricity utilities. For example,
the Helsinki utility will be required to change some 60,000 outdoor lighting luminaires in 2016 (or
once their stocks of inefficient mercury vapor lamps have run out.

All luminaire manufacturers have renewed their luminaire distributions to minimize obstructive light.
At the same time the new international energy agreements have led to increased use of modern
and more efficient (Im/W) LED light sources instead of gas discharge lamps.
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Figure 45. Energy efficiency agreements in Finland for 2008-2016. Photo: Ministry of Employment
and the Economy.

LED Paradox

| have tried in vain to find a figure for the total lighting energy consumption during the LED “era” in
public lighting. There is ample information on the energy efficiency and advantages of LED lighting,
but total energy consumption during the LED era is unavailable. There are indeed advantages in
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LED lighting, such as easy operating and small units, but also a sad combination amounting to a
real curse: LEDs are easy to use / everybody can be a lighting designer / lighting design education
is lacking / LED is not so efficient as people think it is / LED is a “long-life” product but operating
electronic LED power supplies are “short-life” products set to cause enormous problems in the
future. As long as we use world polluting energy production materials (oil, coal, nuclear energy,
etc.), the increasing use of LEDs constitutes this “real curse”. However, if we were to use only
clean and free solar energy for energy production in lighting, this would not be a curse or problem
at all (except in some cases from a visual perspective).

The celebrated UK-based journalist Mark Harper, who contributes actively to the New York Times,
the Financial Times and other prestigious publications, wrote an article on Smartplanet.com
“Another myth of LED energy savings” (December 5, 2012). In his article he refers to the
environmentalist Jonathon Porrit’s observations about “the rebound effect”, which is the result of
the “LED paradox” mentioned earlier. He claims that LEDs make it easier than ever to illuminate
bridges and facades in ever changing, dazzling, controllable multiple colors.

Figure 46. Tower Bridge London with LEDs from GE.

LEDs could become the bridge to an energy efficient lighting future. One potential paradox:
Pervasive use could wipe out gains. Other projects introduced in the article were: The top of the
Empire State Building, Tower Bridge London and Poland’s Poznan City soccer stadium.

One aspect of the LED paradox is that designers can build LEDs into the structure of everything
from buildings to furniture to fashion. As lighting grows more varied and ubiquitous, the sum total of
energy consumption could wipe out all the energy saved by switching to more efficient sources in
the first place. Porritt stated in his keynote lecture in the LuxLive2012 Lighting Exhibition in London
that however good the energy efficiency gain, there is a danger people will then take that gain and
use it on additional services that they did not previously have available to them.

3.3.2. Paris lighting strategy (City lights off)

Paris faces darkness as City set for illumination ban. Paris’s legendary label as the “City of Light”
may soon lose some of its luster when the French minister for energy and environment unveiled a
proposal for lights in and outside shops, offices, and public buildings -- including the flagship Louis
Vuitton store and the Lido cabaret house on Paris’s Avenue des Champs Elysees -- to be turned
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off between 1 a.m. and 7 a.m. starting in July 2012. The plan, to be applied across French cities,
towns and villages, is aimed at saving energy and money and showing “sobriety” told Minister
Delphine Batho in 2012. The law came into force in April 2013. In a study of changes made in
cities and towns across the country, ANPCEN (Association Nationale Pour la Protection du Ciel et
de I'Environnement Nocturnes) said that “Paris, Lille, Angers and Saumur had made good
progress, while Lyon, Chambery and St Junien ‘could do more”.

Figure 47. Photos show the Eiffel Tower submerging into darkness at 8:30 pm (local time) as part
of the Earth Hour switch-off on March 23, 2013 in Paris. Photo: AFP Relaxnews

Conclusions

LED product manufacturers know the “LED paradox” and have put a lot of money and research
effort into LED dimming and automatic approaching control systems, which reduce total LED
energy consumption globally and disposes of disposes of the “LED paradox”.

3.4. “Solar energy & LED & dimming” methods in outdoor lighting design
3.4.1. Solar energy by unit bases

Example: BRANDO luminaire equipped with ULOR 0% system, automatic approaching control
system, LED panels and solar systems. Designed by Julle Oksanen & Oliver Walter, manufacturer
Iguzzini, Italy.
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The Brando luminaire was designed after numerous heuristic studies on several earlier projects to
achieve the “Basic tone for the Lighting Composition” metaphor (See subsection 3.6.8. “Lighting
Composition”). Large, white and light-diffusing reflectors produce a low level white and glare-free
light veil over a design area and strong cut-off direct light imparts rhythm to the space.

In architectural outdoor lighting systems the smallest “solar energy unit” is a single luminaire.
Parallel to solar energy studies as part of the process of curbing global warming, light pollution
research has caused new requirements and recommendations for outdoor luminaires and
installations. Modern lighting solutions also have approaching control- and astronomical dimming
possibilities. Energy savings between 40% and 85% can be achieved using these advanced
lighting production and control systems in combination. The development of the Brando luminaire
in the period of 2008—2014 is a good practical example of how manufacturers and luminaire
designers ought to take account of these new requirements and demands.

Figure 48. One sided “bas{c” Brando luminaire 'in 200. Photo: Britt-Marie Trensmar
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Figure 49. Brando innovation.
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Figure 50. Brando dimensions

BRANDO LUMINAIRE

Text from first introduction
page of Brand- luminaire:

“Name Brando comes from
the wide shoulders of Marlon
Brando

Brando luminaire is a
new giant of lighting world,
new mix of Marlon Brando
and Humphrey Bogart....

....It has marlon Brando’s
shoulders and Humphrey
Bogart’s indisputable
charisma
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Light pollution

New energy efficient optical designs are mostly completed with a new light source, LED, so that
ULOR =0..

Obtrusive light is that part of the light from a lighting installation that does not serve the purpose for
which it was designed.

Sky Glow
* .:'

e X

Fia (ULOR) I

Fia.pz (DLOR-u)

I S -
Surrounding area ' Area to be Lit

- - - -
u = utilization factor

Surrounding area

Figure 51. Methodology to design an outdoor lighting installation in order to minimize sky glow.
Photo: CELMA
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Contribution of an outdoor lighting installation to sky glow can be determined from data provided by:

. the luminaire manufacturer:

- Lamp lumen output: Fie
- Upward Light Output Ratio: ULOR [%]
- Downward Light Output Ratio: DLOR [%]

- Utilization factor of the lighting installation: u [%]

e contracting authorities and site conditions:

- Average maintained level of illumination: E [Ix]

- Area of the surface to be lit: S [m3
- Reflection factor of the area to be lit: p1[%]
- Reflection factor of the surrounding area: P2 [%]

The upward light of an outdoor lighting installation which feeds the sky glow is given by UPF which is made
up of the following elements:

- Directluminous flux emitted upward by the luminaire: Fi. #* ULOR
- Luminous flux reflected by the area to be lit: Fa®ps.u
- Light reflected by the surrounding area: Fio # p2(DLOR —u)

Table. CLASSIFICATION OF DISTURBING LIGHT / CIE 150:2003

lass 1 lez 3 .
Environment Nature like Countryside Suburb area Town city
LLighting environment _jdark JLittle envir_lighting _JAverage environmental lighting _§Strong environment lighting

Tablo. LIMIT VALUES FOR THE DISTURBING LIGHT / CIE 150:2003

it yo 2a ¥ ita_ - aka
F1 0 2 1 25 0 0 0
E2 5 5 1 75 0,5 5 10
E3 15 10 2 10 1 10 60
F4 25 25 5 25 25 25 150

Limd values above should be respected when the disturbing light exderior of the target is measured

ULR % = maximum Bght porton tumned above of the horizontal level while lamps are in usage pasitions.

E_ Ix =vertical Ignt intensity turned 1o the windows of a buiking; & calculeted while designad or measured afterwards if necessary

Ikcd = Ight intenaity. that turns 10 a target that is "disturted”, is the value received frem the ighting plans and calculations.

L/ cdi? = the luminance (e luminocity of the surface) from the ightng nstallaton that is tumed lowards the walls of surrounded buidings

Classification of disturbing light for different types of environments together with maximum
illumination of the sky, ULR % = Upward Lighting Ratio, defines the use of the luminaire.

The Brando luminaire is a direct - indirect light producer. The light producing unit has a single 70W
Metal Halide lamp. Fifty per cent of light lumens go up on to the white reflector, which reflects light

52



softly around the environment and 50% of light lumens fall directly downwards at a beam angle of
34 degrees imparting rhythm to the space.

[4.00m
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Figure 52. Trespass light measurements by Julle Oksanen. Photo: Julle Oksanen

In trespass light measurement, the reflector is marked in red in the middle of the image. Eav on the
reflector surface is 1179 Ix. When this value is multiplied by the reflection area A (1.3 m?) the total
lumen package flowing onto reflector surface is 1556 Im.

The same calculation for trespass lighting (ULOR) yields 1308 Im.
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7|
Figure 53. Trespass light calculation by Julle Oksanen. Photo: Julle Oksanen

Calculation shows that ULOR = 1308 Im. Total Lumen output is 5728 Im. This means that ULOR %

= 22%. This means that the existing Brando can only be used in town and urban areas where
ULOR % = 25%.

Figure 54. The goal is ULOR % = 0. Photo: Julle Oksanen
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In order to be able to sell Brando in all E-classified areas, the optical systems have to be changed.
Light which goes upwards onto the reflector panel from the light unit must be changed to a direct
light panel.

LED + Solar - Brando studies:

LED and solar Brando have been used to operate with LED panel instead of the 2008 version
metal halide 70W gas discharge lamp. The solar panel is located on the top of the aluminum
reflector. In the energy calculation the batteries are designed to be located inside the pole. They
also could be installed under the ground inside the hermetic sealed box.

LED

Light emitting diodes, LEDs, have extremely long life, good impact resistances and low energy
consumption. When dimmed, the light color remains constant. When connected to the mains, they
require control gear to ensure the correct operating current. The point light source provides for
precise light control while the plastic encapsulation of the diode acts as a protection and lens. The
output of the LED decreases with increasing temperature. Conseguently good heat dissipation is
important for smooth operation. Direct solar radiation should be avoided, likewise installation near
other sources of heat. With an average rated life of 50,000 hours, LEDs are suitable for long
operating times. As they start instantly and react directly to control, they are ideal for quick,
dynamic light scenes. The development of LEDs currently focuses on more compact shapes, a
higher luminous flux, and better luminous efficacy as well as a more economical production
process.

cathode bonding wire  ESD diode lens anode

S|
@”/2 =/

i

heat sink  chip housing

Figure 55. Simplified principle of LED. Photo: Osram
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LED as light source is available in many forms. From single spot and LED stripes up to large LED
panels.

Drawings
LEP 1000 820 A

-

Figure 56. Example of large LED panel system: Osram Prevaled LED panel. Photo: Osram

PrevaLED® Area Preliminary Data sheet

Benefits

« Dimension 280 x 2625x 6,3 mm
{1 wox h)

» Reduced dark zonesin 600 x 600 mm
and 1200 x 300 mm fixtures due to
special shape

« Efficacy: Over 125 Im/W
» Consistent white light < 2 SDCM

+ Modulanty: 4 x 1000Im operated with
OTp DALI 80F350 LS or 8x 1000Im at
OTp DALI 80/700 LS

Application
+ Office
« General illumination

Figure 57. Example of a large LED panel system: Osram Prevaled LED panel.Photo: Osram
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LED Brando

LED PANEL SOLUTION

BLO2LP

The image on the right is done with axisting L 0% units,
which can be used In LED Erando version (Brande type
without batteries) Osram Backlight BL 02 3rd genaration
are more sultable for solar Brande.

Qzram Back Ught BL 02 LF 3rd Generation (Available on 07/2010)
Lumen Package of each LED slement 15 I ( LED module 30 k
IP classification IP 66.

Hybrid Brandc has 118 pes of BLO2 LP 3rd G tion LED Modules {236 pcs of LED),

)

LED PANEL SOLUTION/ SECTION DETAILS

ey — S ———

-4mm hardened flost

~white laminatior

*Smir herdened flost ! t
The ceming BLO2 3rc generation LED unit has 170 deg
Ight baam and lumen package of 15 luman. The exieting
BLC2 and BLO4 version has 120 deg light beam and 7.5
umens.

STEELSTRUCTURE

SOLAR PANEL

GLASS —I

STEELPLATE

BLO2 3rd gen.
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SOLAR-LED-BRANDO

#or
NN

1- SIDED SOLAR BRANDO ELEMENTS:

Option 1) Eatteries located inside the pele LED module: 119 pcs of BL 02 3rd Generation
Option 2) Batteries located Inside extra foundation box under LED Beards {2 LED units In each LED Board / 15 lumen each
the ground. LED unit)

Power: sov/

Power supply: 1 pes of OT 50/120-277/10€ (SOW)

Dimming un't not neeced. Solar energy from batteries will be
used during slow traffic times.

Satteries: see barttery Information page.

All power unils are located inside the pole.

BATTERY INFORMATION

Batteries required: Solar energy calculations are bac-

Charging: 30,625 Ah sed on these components: Yuasa

Capacity: 153,125 Ah NP7-12 battery and NAPS NP85GK

Battery example: Solar panel combination. ri-g:::
Type: Yuasy NP7 - 12 e ]
Capacity: 7 Ah ! NP85GK

Amount: 20pcs @

Batteries located inside the pole.
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BATTERY, 12V, 7AH

Energy Storage Capacity:7Ah
Output Voltage:12V

Battery Technology:Lead Acd
External Height:97.5mm
External Width:151mm
Depth:65mm

SVHC:No SVHC

External Depth:65mm

External Length / Height:97.5mm
Max Height:97.5mm

Terminal Type:4.8mm x 0.8mm
Weight:2.8kg

Max Charge Current;:1.754
Max Cyclic Charge Voltage:15V
Min Cyclic Charge Voltages:14.4V
Standby Charge Voltage:13.8V

Brando with
LED lights.
full power
50W includ-
ing control-
lers etc.

Excmplary
load parttemn:

Lights
switched on
at sunset.
using light
detector

Full power 3 hours

3 hours

(]
35% 6 hours

Power usage
calculation

power

current

time

30

4.167

12,5

%

3.125

9375

17.5

1458

(=0 VRN RV

8,75

Total

30.625

Ah/day

Figure 58: Brando solar energy results
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Module used
for sizing:
Summary per
site

Solar !

percent

age
Site Country Lowest |Highest [ Average |
Ancona Italy 13% 90% 51%
Zurich Switzer- 6.00% |[81% 41%

land 1

‘Helsinks |Finland | 0% 189%  [35.00%
‘Miams USA 143%  [80% |64% [
San Fran- USA 25% 100% 66%
$15C0
Knoxville USA 22% 83% 55%
Nairobi Kenya 357% 87% 73% ‘
‘Baghdad Iraq 35.00% |92% 66%

Figure 59. Brando solar energy results

OLED- Brando (source: collected promotion material from Osram)

An OLED panel instead of a LED panel could be the next step in solar Brando (possibly available
2016-2018).

The active, organic and largely transparent layers in the OLEDs are extremely thin, less than 500
nanometers. Consequently the whole OLED is extremely flat, lightweight and is potentially flexible.
A complete OLED lighting system can therefore be ultra-flat, transparent, and flexible and in
addition it can cover a large area. At present the rigid glass substrate and the molded

encapsulation currently used impose restrictions with regard to flexibility and an extremely flat
design. Thinner and more flexible substrates, a thin film encapsulation and transparent electrode

material would further improve the OLED's special features — areas which OSRAM engineers are
researching particularly intensively.

The luminescent layers of the OLED can be vapor deposited homogeneously on large areas. This
results in a new kind of planar light source which differs significantly from all earlier sources.
OLEDs can supplement most conventional light sources and also open up completely new
application areas and growth markets. Today they are already inspiring designers and will enhance
the market for high quality designer luminaires in the near future. In a few years, OLED technology
will revolutionize lighting as we know it today.

OLED manufacturers are focusing on luminance of 3000 cd/m? on light distribution surface. That is
the average luminance of the moon. That luminance causes no extra veil on the retina and
contrasts can be seen beautifully and sharply without any kind of extra vision effort.
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SIMPLIFIED STRUCTURE OF AN OLED

Metal electrode Organic layers Light emission

L]

? Ve
I

N

DC I/ I/
Light emission Transparent Light emission
electrode

Figure. 60 Osram

Figure 61. OLED in practical form. Photo: Osram
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Automatic approaching control system for Brando

Lighting control management is the fastest developing lighting sector. The reasons for this are:
huge energy savings, easy to implement, and quick payback times. Solar — LED - Brando is
equipped with an approaching lighting dimming system. LED panels (e.g. 9 pcs of Osram Prevaled
Area type plates / Brando) take their energy either from batteries inside the poles or the electricity
net depending on the loading situation of the batteries. An automatic switch ensures the right

energy source. The direct current (DC) flows from solar panels into the batteries. The batteries are
connected to an inverter which convert DC to AC, which is suitable for the Brando luminaire
system.

Luminaire 1 Luminaire 2 Luminaire 3

= = !
LWL B
gEﬁ.’ O,J o) 85/) ', o 8';""\) . ?J .
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| | [
Light || Light | | Light
load | load || load ||
| | |
‘ I
| I |
L1 — | & | P
N - 3 I & *
PE ———————— P — = ————— - e e —— ‘ﬁﬁk ﬁﬁﬁﬁﬁﬁﬁ
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SD
control switch

Figure 62. StepDIM activation for Brando. Photo: Osram
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control switch Optotronic 3DIM ECG for LED

Electricity flows into the Optotronic control gear either from the street lighting net or from Brando’s
own solar system inverter. The electricity impulse from the approaching person, cyclist or car
reaches the control switch SD. Optotronic 3DIM ECG for LED component has been pre-set in the
type of function desired. For example, when path or road is empty and there is no movement, the
light is dimmed to 10% of maximum. When a person approaches the space on the path or road,
the light slowly rises to 100%. (It can be adjusted to the desired speed after testing). After some
minutes of the movement (the duration can be set) light returns to 10% of maximum (adjustable).
Photo: Osram

63



} Fade Fade
time | | time

Power-on level

Power (%)

. Dim lovel

Dim duration

Time (h)

_ON_

:s

OFF

Time (h)
HIGH

Low
Time (h)

SD state

Figure 19: StepDIM behavior - “StepDIM/DALI" mode (factory settings).

Factory setting for Optotronic 3DIM ECG for LED control gear. Between L1 and N mains is 230V.
SD keeps the power up (e.g. 100%) until the programmed fading model starts to fade the lighting
via a preprogrammed fading time down to the programmed dimming level- (e.g. 50% of maximum).
Fading times and power levels can be programmed at will. Photo: Osram

Wiring diagram

3DIM ECG

upto 64 devices

DALN

Figure 63. Optotronic can be programmed to work as desired using Osram Dali magic component
and a PC. Photo: Osram
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Figure 64. Osram engineer Olli Oksanen testing Brando luminaire pre-settings for LED driver with
a computer. Computer + Osram Dali magic + 3DIM ECG + LED’s on the testing table. Photo: Julle
Oksanen
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Figure 65. Brando goal: ULOR 0% + LED / OLED panel + solar panel +batteries + approaching
control dimmable system. Photo: Julle Oksanen

Conclusion of the individual solar Brando luminaire design process:

In conditions of tough commercial competition leading manufacturers produce new LED and OLED
modules fast. In the gas discharge lamp era, new products came to market in cycles of years. The
production cycle of the new luminaire types likewise took years. New LED products are launched
on a monthly basis. This causes annoying problems not only for LED manufacturers themselves,
but also for luminaire manufacturers and designers. A huge backlog in manufacturers’ R&D
departments and new optical design and production of existing luminaire types have caused a
delay in the Brando process. Slow battery technology improvement and the expected type of
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commonly used solar energy (unit, project, or centralized solar systems) will also delay the
development of Brando. Approach control is easy to implement immediately.

Conclusions on energy efficiency

Using the heuristic “rule of thumb” method energy savings of 80% can be achieved compared to
the existing Brando (without solar panels and dimmable approach control system). More exact
energy calculation is inappropriate because it is highly unlikely that the development will progress
due to “battery problems”.

3.4.2. Solar energy on a project-basis

An example: Julle Oksanen’s studio work at the University of Tennessee, School of Architecture:
Pedestrian bridge lighting project at Knoxville, Tennessee, USA

The metaphorical idea in this architectural lighting design studio work was to design a glare-free,
peaceful and “whispering light” on a small plaza and pedestrian bridge over the Tennessee River.
Brando luminaires were planned to produce a “basic tone” for a modest and white lighting veil over
the plaza and part of the pedestrian area. The bridge is totally glare-free because all the light falls
on the bridge surface from the concealed light coves. (See subsection 4.3.5. “Pedestrian bridge,
Knoxville).

This subsection concentrates on solar energy and on minimizing carbon dioxide emissions.

Project-based solar systems (Photo Voltage systems) are tested/used in many sustainable city
projects, factories and large public buildings. Solar panels and components are widely sold in all
over the world. Leading lighting manufacturers (like Osram) have all the light controlling units and
systems in place to implement both indoor lighting and outdoor lighting projects. These systems
can easily be added to project-based solar systems. Energy savings of up to 40%-85% are
achievable using these advanced lighting control systems together with solar systems. The
advantage of project based PV systems over single solar luminaire systems is the easy
maintenance of centralized components (like batteries and light control systems) and the inherent
energy business opportunity.
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Solar panel area LED coves

Room for batieries & inverters inside the building

LED Brando luminaire

LED Net luminaire

Figure 66. Project image. Julle Oksanen’s studio work at the University of Tennessee. Photo:
Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture, Julle
Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter

A pedestrian bridge over the Tennessee River obtains its energy from solar panels located on the
roof of the Thompson Bowling Arena. Batteries and inverters are located inside the “solar room”
inside the building. The bridge is illuminated by light coves, and the pedestrian pathway and plaza
also have LED luminaires. The number of solar panels and batteries can be easily calculated using
basic electricity formulas and solar statistic maps.

r

Figure 67. Rooftop solar installation. Image credit: Earth 2 Tech
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Light coves equipped with 1 LED- stripe / cove

Figure 68. LED light coves. Julle Oksanen’s studio work at the University of Tennessee. Photo.
Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture, Julle
Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter
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Figure 69. PV Solar Radiation (10 km) Static Maps (1998 to 2005 data). Photo: U.S.Department of
Energy 2008.
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This map presents the annual average daily total photovoltaic (PV) solar resource, averaged over
surface cells of 0.1 degrees in both latitude and longitude, or about 10 km in size.

A heuristic “Rule of thumb” calculation regarding solar energy

On the roof of the Thompson Bowling Arena the average daily solar energy generated is 5 kWh/m?/
day. The roof area covered with solar panels is 13000m? yielding a total annual average amount of
solar energy of 65000 kWh/day. By the time this dissertation is completed, the estimated utilization
factor of modern solar energy system will be approximately 25%. Thus some 16000 kWh/day could
be in used for lighting this particular bridge. The energy used on the bridge is 600 kWh/day (the
bridge lit for some 10 hours /day and the total energy consumption of the LED stripes is 60kW).
The remainder of the energy, 16000kWh/day - 600kWh/day = 15400 kWh/day could be sold to TVA
(Tennessee Valley Authority). Another option would use 15400kWh/day for expanding the
illuminated area or use fewer solar panels on the roof of the Thompson Bowling Arena. This bridge
lighting project could be a business opportunity for the Knoxville authorities. More exact
calculations ought to be implemented to select the right option.

Electricity connections between solar panels and luminaires

DC electricity from solar panels must be converted to AC electricity by inverters, because solar
harvesting is an unsure action and a smooth and continuous electricity supply cannot be
guaranteed. Solar systems are added to the electricity nets of power plants ensure a continuous
energy supply while lighting systems are in use.
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Figure 70. Simplified schematic diagram of a basic grid tie solar power system illustrating its
operation. Automatic preset approach systems, as in the earlier Brando example, can easily be
added to this type of large project.
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Conclusion of solar energy by product and/or project bases:

Some years ago we thought that product and project based Photo Voltage (PV) systems were
easy to maintain and could be also a profitable business with reasonable pay-back time. The big
picture is that we are circulating all existing materials which are and have been on the globe. Put
succinctly, nothing vanishes and nothing new arrives on earth and that is all we have. But that is
not the truth. The one and only substance we have on earth is the constantly flowing, clean,
powerful and free-of-charge energy from the sun. In future, when we seriously have to start to
solve our environmental problems, product or project based solar systems may no longer be
practical in lighting. Problems will occur in the maintenance of widespread small production units,
compatibility with existing energy production systems and mechanisms, well-balanced energy
production and electricity delivery and storage problems of widespread solar energy production
units. Battery technology can serve smaller units, like cars, mobile phones, etc. For energy
production on a large scale, the human race needs to build and develop huge solar energy centers
/ solar power plants all over the globe. These solar production centers will replace much of the
existing, polluting energy production systems (nuclear energy, oil, water, wind energy, bioenergy
etc.). The biggest problems are a lack of real will, politics, attitude, the ability to start to use new
technology. Some day the pressure will increase and be so hard to handle that we will have to do it
regardless of the consequences. In contradiction to this conclusion, | have used a project based
solar energy system philosophy in Chapter 3.7 “City lighting master plan strategies” | subsection
3.7.7.5.2. “Energy saving calculations using the Rule of Thumb”. The reason for this is that the
hypothetical “City 2030” research project is a huge solar production city as regards lighting energy.

Solar energy is not the only way to save energy and minimize carbon dioxide emission in
architectural lighting design projects. The dissertation will examine and provide explanations for
design based energy saving architectural lighting design processes, tools and elements. New
metaphors have been implemented using in-depth evaluation by means of the modified “contrast
ladders”, based on R.G.Hopkinson’s work on Scales of Apparent Brightness, Richard Kelly’s
design principles, studies of approaching in the dark, technical lighting research results and
pragmatic theory of truth. Subsection 3.6.4 “Poetic light & shadow in Western culture” introduces
one interesting example of how a good architectural lighting design process can save 92% of
energy compared to a rule oriented technical lighting solution.

3.5. Richard Kelly’s design process
3.5.1. Perception psychology

Perception psychology is the psychology of a mental process. During this process sensory and
emotional data are organized logically or meaningfully in the observer’s head. The process serves
as a basis for understanding, learning, and knowing or for motivating a particular action or reaction.
Perception psychology in architectural outdoor lighting design is based on Richard Kelly’s lighting
ideas. Richard Kelly (1919-1977) was a pioneer of qualitative lighting design who borrowed
existing ideas from perception psychology and theatrical lighting and combined them into a uniform
concept for lighting design. Kelly broke away from the rigid constraints of using uniform illuminance
as the central criterion of lighting design in the “All surfaces white” era of architecture. He replaced
the question of lighting quantity with the question of individual qualities of light. These were
designed according to a series of lighting functions, which were in turn geared towards the
perceiving observer. Three of these functions are critical to perception psychology for landscape
lighting design: “Ambient Luminescence”, “Focal Glow” and “Play of Birilliants”.
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Figure 71. Richard Kelly. Photo: Richard Kelly’s archives.

3.5.2. Ambient Luminescence

Figure 72. Ambient Luminescence, theoretical display. Photo: ERCO

Figure 73. Ambient Luminescence, case study. Photo: Julle Oksanen

Kelly called the first and fundamental form of light "ambient luminescence". This is the element of
light that provides general illumination of the surroundings; it ensures that the surrounding space,
its objects and the people there are visible. This form of lighting facilitates general orientation and
activity. Its universal and uniform orientation means that it largely follows along the same lines as
quantitative lighting design, except that ambient luminescence is not the final objective but just the
foundation for a more comprehensive lighting design. The aim is not to produce blanket
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illumination, or "one size fits all" lighting at the supposed optimum illuminance level, but to have
differentiated lighting that builds on the base layer of the ambient light.

3.5.3. Focal Glow

Figure 74. Focal Glow, theoretical display. Photo: ERCO

Figure 75. Focal Glow, case study. Photo: Howard M. Brandston Lighting Design.

To arrive at a differentiation, Kelly came up with a second form of light, which he referred to as
"focal glow". This is where light is first given the express task of actively helping to convey
information. The fact that brightly lit areas automatically draw our attention now comes into
consideration. By using a suitable brightness distribution it is possible to order the wealth of
information contained in an environment. Areas containing essential information can be
emphasised by accented lighting, whereas secondary or distracting information can be toned down
by applying a lower lighting level. This facilitates a fast and accurate flow of information, whereby
the visual environment is easily recognized in terms of its structures and the significance of the
objects it contains. This applies just as equally to orientation within the space (e.g. the ability to
distinguish quickly between a main entrance and a side door) as for emphasizing certain objects,
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such as when presenting goods for sale or when highlighting the most valuable sculpture in a
museum collection.

3.5.4. Play of Brilliants

Figure 76. Play of Brilliants, theoretical display. Photo: ERCO

Figure 77. Play of Brilliants, case study: Gateshead Millennium Bridge. Lighting design Speirs +
Major. Photo: Graham Peacock.

The third form of light, "play of brilliants", results from the insight that light not only draws our
attention to information, but can also represent information in and of itself. This applies above all to
the spectacular effects that point light sources can produce on reflective or refractive materials.
Furthermore, the light source itself can be brilliant. This "play of brilliants" can add life and
ambiance, especially to prestigious venues. What was traditionally produced by chandeliers and
candlelight can now be achieved in a modern lighting design by the targeted use of light sculptures
or by creating brilliant effects on illuminated materials.

3.5.5. Areal life example

A good landscape lighting design project to demonstrate these three principles of Richard Kelly is
”Kilden,” the concert and theatre hall in Norway. It was designed by ALA architects and has a
lighting concept by Julle Oksanen Lighting Design Ltd.
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Figure 78. “KILDEN". Architect and CAD manipulation. Photo: ALA Architects Ltd

"Ambient Light” = The glowing facade produces horizontal light on the ground. The horizontal light
meets the minimum engineering and code standards for levels of light necessary for things like
safe movement. Minimum values are acceptable due to other fixed lighting in the area, and ’'live
lights’ coming from cars for example, will provide more light to raise the lighting levels. In other
words, if maximum lighting was provided, additional ’live lights’ would raise lighting levels far
beyond the amount necessary, creating light pollution.

One of the most important things in all successful architectural lighting design solutions is to avoid
glare. It is the worst enemy of light. In this case heuristics helps again by using one’s own
experience of measuring different luminance values. As a rule of thumb: Contrasts are strong and
there is no veil on the retina if the maximum brightness of the light distribution surface in all views
is lunar brightness. According to my own practical measurements, the Moon luminance is approx.
3000 cd/m2.

“Focal Glow” = In-ground luminaires differentiate the facade of the building by creating a glowing
wooden surface. Because of its statuesque and attractive nature, the wooden and curving facade
was selected as a "Focal Glow” element of the landscape lighting. It is a glowing landmark on the
area and by switching on and off different underground luminaires it can be used as an information
wall. As an example of information; more light is focused upon the entrance of the theater when
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there is a performance. In Figure 84 all in-ground luminaires are on and the fagade has a full
brightness.

"Play of Brilliance” = In-ground luminaires (stars on the ground). This landscape lighting solution
was based on underground luminaires as "Stars on the ground”. This exciting solution removes
ugly and disturbing technical lighting poles and glary floodlights.

Figure 79. Punkt Festival 2012: The Venue

3.6. Shadow and darkness design

3.6.1. General

Architectural outdoor lighting design, as a process, is at the same time also darkness and shadow
design. Darkness fascinates us as human beings, but its design needs exceptional skills, open-
mindedness, and courage. Let us imagine a hypothetical situation in which the lighting designer
begins to design a lit environment with total darkness as the starting point (As is the case in
paragraph 3.6.7. "Darkness in Fiskars Village area™). The lighting designer begins to remove, or
eliminate, dark layers from the total black background, removing darkness layers one at the time,
until the desired lighting degree on the designed surface (e.g. on a facade) is achieved. The
lighting designer proceeds subject by subject until the desired overall look has been achieved. This
kind of “shadow design” is a professional way to do lighting design. The lighting designer is a
shadow designer, who treats his/her task as an artist treats the canvas by painting gradations of
darkness using light sparingly on illuminated surfaces, thereby using a whispering light palette as
the design tool. Shadow design can be compared to oil painting techniques.

“Case” Mona Lisa: “The enigmatic smile remains a mystery, but French scientists say they have
cracked a few secrets of the "Mona Lisa." French researchers studied seven of the Louvre's
Leonardo da Vinci paintings, including the "Mona Lisa," to analyze the master's use of successive
ultrathin layers of paint and glaze -- a technique that gave his works their dreamy quality.
Specialists from the “Center for Research and Restauration of the Museum of France” found that
da Vinci painted up to 30 layers of paint on his works to meet his standards of subtlety. Added up,
all the layers are less than 40 micrometers, or about half the thickness of a human hair, researcher
Philippe Walter said on Friday. The technique, called "sfumato," allowed da Vinci to give outlines
and contours a hazy quality and create an illusion of depth and shadow. His use of the technique is
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well-known, but scientific study on it has been limited because tests often required samples from
the paintings” (Washington Post 2010).

In some cases this kind of lighting/darkness design technique is possible, but almost 100 years of
this intransigent technical lighting design era have made glary and high illumination level city
structures a context for new lighting designs. The fascination of darkness is totally missing. The
only way to succeed with such city structures is to dismantle the old lighting installations and start
from darkness. Some cities e.g. in Finland, are considering such lighting renovations in certain
parts of the city structure (e.g. Helsinki in Finland).

The historical chapter and over 30 years of hands-on, personal international activity in the USA
and Europe are good evidence that in Western culture, visual night-time architecture has been built
up basically with light and lighting design. After reading JunichiroTanizaki’s and Kaoru Mende’s
books it is obvious that in Asian culture designing night-time architecture is based on shadow and
darkness design (Tanizaki 2001) and (Mende 2012). In the West, lighting projects have been
accomplished based on lighting recommendations and numerical values. Asian lighting design
processes have been based on Gradation (The realm between light and shadow) / Contrast (The
dynamic interplay of shadow and light) / Layering (The art of shadow upon shadow) / Using the
blue moment efficiently / “Utsuroi” (Visualizing time) / Sequencing light and shadow / Creating
urban skyline with shadows etc. Because of the lack of architectural lighting design education,
these important shadow and darkness design elements and philosophies are not well known in the
Western lighting design world.

Modified use of “Contrast Ladders”, based on R.G. Hopkinson’s work on Scales of Apparent
Brightness (see subsection 3.6.5.) is a “Western style” of shadow treatment and a good tool for
Western lighting designers. Adding numerical study to Asian philosophical shadow design is an
interesting combination. Also, lighting composition depending partly on numerical values leads to
the same shadow design results as in Asian design philosophies, but in “Western style”.

Studies of meeting in the darkness play an important role when we select minimum lighting design
values for lighting compositions in architectural outdoor lighting solutions. Mandatory face
recognition distance is needed for relaxed movement in space and that needs certain lighting
design values. With this “tool” we can avoid too dark environments.

Music also has mystical connections with lighting. It bears similarities to lighting composition and
mystic connection on colors.
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3.6.2. Human beings and darkness

3.6.2.1. “Physiological darkness” (Mansfield & Oksanen 2015)

Figure 80. Chynov's cave near Chynov village, Czech Republic. Photo: Peter Broz (Chmee 2)

“‘Darkness is as real to us as light, which means that darkness is not just an absence of light but is
tangible, as in the sensation when we go into a completely dark room — there is a presence there
not a void. Stephen William Kuffler, who was a pre-eminent Hungarian-American neurophysiologist
and often referred to as the "Father of Modern Neuroscience", demonstrated that even in utter
darkness the retinal ganglion cells keep up a steady irregular firing of impulses (Hubel, D.H.1995).
Circadian rhythms are entrained by a cycle of light vs. absence of light. This is critical to human
health and well-being. More details can be found e.g. at http://www.Irc.rpi.edu, written by
Professors Mark Rea and Mariana Figueiro at the Lighting Research Center, Troy New York, USA.
The promise of electrical lighting and things like night vision goggles is that we can gain control
over the most fundamental cycle — our circadian rhythm”.

3.6.2.2. “Physical darkness”

Figure 81. Matthew the Apostle. Photo: http://www.dailymail.co.uk/news/article-3219706/Riddle-
lost-city-lake-one-Jesus-disciples-laid-rest-ancient-metropolis-Kyrgyzstan.html
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Matthew 6:23 / The Lamp of the Body:

"The eye is the lamp of the body; so then if your eye is clear, your whole body will be full of light.
But if your eye is bad, your whole body will be full of darkness. If then the light that is in you is
darkness, how great is the darkness! No one can serve two masters; for either he will hate the one
and love the other, or he will be devoted to one and despise the other. You cannot serve God and
wealth”.

“We sense darkness with our body. Darkness offers contrast to light, just as summer feels better
after a long winter. It is one of the pairs of life in our senses like taste: sugar / salt, emotion: love /
hate, life: birth / death, hearing: noise / silence, seeing: day / night, etc. Darkness is therefore
physiologically fascinating”. (Leslie & Oksanen 2015)

3.6.2.3. “Behavioral darkness”

Figure 82. Psycho Wallpaper by CainaG in Movies & TV

“We all have a dark side. It is a basic typology of our human interiors. For most people, it is an
unconscious part of the personality. Therefore, we seek external expression, such as violent films,
horror movies, and so forth. The dark side of a person needs an outlet and expression. Male
aggressiveness is challenged in sports, for example. Darkness and shadows hold our attention
and fears. The human dark side kept suppressed leads to fear. Yet we are curious about it. We
usually cannot tolerate or accept it in ourselves, so we seek to discover it outside ourselves.
Darkness is therefore psychologically fascinating”. (Dekay & Oksanen 2015)
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3.6.2.4. “Biological darkness”

Figure 83. Diagram illustrating the influence of light and darkness on circadian rhythms and related
physiology and behavior through the suprachiasmatic nucleus in humans. Photo: https://
en.wikipedia.org/wiki/Circadian_rhythm

“We biologically need sleep to clear metabolites from our brain. (Science, 2013). However, we
could sleep at night or at any point during the day, and many animals only come out at night. We
humans evolved over millennia to sleep at night, when we were most at risk of being eaten by
nocturnal hunters. (Russel, Foster, 2013). Since we didn’t have control over the dark until we
started using candles or electric lighting, we didn’t have control over a third of our day. Darkness is
therefore also a practical challenge”. (Rajkovich & Oksanen 2015)

3.6.2.5. “Mental darkness”

Figure 84. Death of the Virgin by Caravaggio (1606)
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“One of the biggest questions we ask ourselves as humans is what does it mean to die, and it is
one we cannot answer. Thinking about darkness is a way to approach this issue and getting to
know darkness and not being afraid of it is seen as a parallel for accepting death. Darkness is
therefore mentally fascinating”. (Sachs & Oksanen 2015)

3.6.2.6. “Artistic darkness”

Figure 85. Jazz musician Jukka Perko plays in the dark. image:Paulina Ahokas

“Darkness reveals new dimensions in jazz music. Jazz musician and saxophonist Jukka Perko
gave a concert in darkness in 2014. It was a very mystical and strong experience for him. The idea
of the concert was an improvisation. The audience sat in complete darkness and was led into the
space along a dim corridor with closed eyes. They therefore did not know what kind of concert hall
they were in. The musicians did the same. In complete darkness communication is not under
control. The player can see no facial expression and therefore unable to see if he is pleasing the
listeners. Summa summarum: You are alone with your instrument. At the same time you feel safe
among the audience. Jukka Perko felt that the experience was very warm and interesting. He did
not want to say anything more about it. He stated that it was a mystery”. (Enckell 2014)

For me, singing sad songs
often has a way of healing
a situation. It gets the

hurt out in the open into
the light, out of the
darkness.

Reba Mcentire

meetville.com

Figure 86. http://meetville.com/quotes/tag/darkness/page63

Darkness and black color have an interesting and mystic connection to death (explained in 3.6.2.5.
“Mental Darkness”). We also can recognize sad music played e.g. at memorial services. “Dark
music”.
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Gothic architecture and light
(Source: Brett & Kate McKay, 2011: http://www.artofmanliness.com/tag/basics-of-art/ )

Expansive interior light has been a feature of Gothic cathedrals since the first structure was
opened. The metaphysics of light in the Middle Ages led to clerical belief in its divinity and the
importance of its display in holy settings. Much of this belief was based on the writings of Pseudo-
Dionysius, a Christian theologian and philosopher of late 5th to early 6th century. He held that all
light, even light reflected from metals or streamed through windows, was divine. To promote such
faith, the abbot of the Saint-Denis monastery on the north edge of Paris, Abbot Suger, encouraged
the architects remodeling the building to make the interior as bright as possible.

Figure 87. Abbey Church of St. Denis in Saint Denis- France. Abbot Suger’s remodeled building
with bright light. Photo: Frantisek Zboray, 2003

Ever since the remodeled Basilica of Saint-Denis in 1144, Gothic architecture has featured
expansive windows, such as those of Sainte Chapelle, York Minster, Gloucester Cathedral and
Milan Cathedral. The increase in size between windows of the Romanesque and Gothic periods is
related to the use of the ribbed vault, and in particular, the pointed ribbed vault which channeled
the weight to a supporting shaft with less outward thrust than a semicircular vault. Walls did not
need to be so weighty.
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Figure 88. Expansive windows "Sainte Chapelle - Upper level". Photo: Didier B (Sam67fr)

The internal columns of the arcade with their attached shafts, the ribs of the vault and the flying
buttresses, with their associated vertical buttresses jutting at right-angles to the building, created a
stone skeleton. Between these parts, the walls and the infill of the vaults could be of lighter
construction. Between the narrow buttresses, the walls could be opened up into large windows.

Throughout the Gothic period, thanks to the versatility of the pointed arch, the structure of Gothic
windows developed from simple openings to immensely rich and decorative sculptural designs.
The windows were very often filled with stained glass, which added a dimension of color to the light
within the building, as well as providing a medium for figurative and narrative art.

Renaissance Art & Light on Time Period: 1400s—1600s
(Source: Brett & Kate McKay, 2011: http://www.artofmanliness.com/tag/basics-of-art/ )

Things to Look for in Renaissance Art:
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Perspective. To add three-dimensional depth and space to their work, Renaissance artists
rediscovered and greatly expanded on the ideas of linear perspective, horizon line, and vanishing
point.
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Linear perspective: Rendering a painting with linear perspective is like looking through a window
and painting exactly what you see on the window pane. Instead of every object in the picture being
the same size, objects that were further away would be smaller, while those closer to you would be
larger.

Horizon line: Horizon line refers to the point in the distance where objects become so infinitely
small, that they have shrunken to the size of a line.

Vanishing point: The vanishing point is the point at which parallel lines appear to converge far in
the distance, often on the horizon line. This is the effect you can see when standing on railroad
tracks and looking at the tracks recede into the distance.

Emotion. Renaissance artists wanted the viewer to feel something while looking at their work, to
have an emotional experience from it. It was a form of visual rhetoric, where the viewer felt inspired
in their faith or encouraged to be a better citizen.

Realism and naturalism. In addition to perspective, artists sought to make objects, especially
people, look more realistic. They studied human anatomy, measuring proportions and seeking the
ideal human form. People looked solid and displayed real emotions, allowing the viewer to connect
with what the depicted persons were thinking and feeling.

Shadows and light. Artists were interested in playing with the way light hits objects and creates
shadows. The shadows and light could be used to draw the viewer’s eye to a particular point in the
painting.

E———

Figure 89. School of Athens, by Raphael, 1510. This painting, which depicts all the great
philosophers of ancient Greece and Rome, serves as an example of the way in which
Renaissance artists were inspired by and hearkened back to the days of antiquity. The perspective
lines draw the viewer to the center of the painting and the vanishing point where history’s two
greatest philosophers, Plato and Aristotle, stand. In line with their philosophies, Plato points to the
heavens and the realm of forms, while Aristotle points to the earth and the realm of things.

The Baroque Period & Light (1600s—1700s)
(Source: Brett & Kate McKay, 2011: http://www.artofmanliness.com/tag/basics-of-art/ )
Things to Look for in Baroque Art:

Images are direct, obvious, and dramatic. - Tries to draw the viewer in to participate in the scene. -
Depictions feel physically and psychologically real. - Emotionally intense. - Extravagant settings
and ornamentation. - Dramatic use of color. - Dramatic contrasts between light and dark, light and
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shadow. - As opposed to Renaissance art with its clearly defined planes, with each figure placed in
isolation from each other, Baroque art has continuous overlapping of figures and elements. -
Common themes: grandiose visions, ecstasies and conversions, martyrdom and death, intense
light, intense psychological moments.

Examples of Rembrandt’s brilliant shadow & light symbiosis in his "Philosopher” series:

Figure 90. Philosopher in Meditation, Rembrandt

Figure 91. Philosopher with an Open Book, Rembrandt
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Figure 92. Philosopher Reading, Rembrandt

Baroque architecture
(Source: Brett & Kate McKay, 2011: http://www.artofmanliness.com/tag/basics-of-art/ )

Baroque architecture is the building style of the Baroque era, begun in late 16th-century ltaly,
which took the Roman vocabulary of Renaissance architecture and used it in a new rhetorical and
theatrical fashion, often to express the triumph of the Catholic Church and the absolutist state. It
was characterized by new explorations of form, light and shadow, and dramatic intensity.

Example: Church of the Gesu

Figure 93. Facade of the Church of the Gesu, the first truly baroque fagade. Photo "ll Gesu" by
English-speaking Wikipedia user Chirho.
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Figure 94. Interiors of Gesu. Photo: "Lazio Roma Gesu1 tango7174" by Tango7174.

The Basics of Art: The Romantic Period 1800—1860
(Source: Brett & Kate McKay, 2011: http://www.artofmanliness.com/tag/basics-of-art/ )

Artists of the Romantic Period tried to capture these ideals in their work. They rejected the
rationalism and rule-driven orderliness that characterized the Neoclassical style of the
Enlightenment. Like Baroque artists, Romantic artists hoped to inspire an emotional response in
those who viewed their art; but instead of seeking to inspire faith as their predecessors had, most
sought to evoke a nostalgic yearning for rural, pastoral life, the stirrings of life’'s mysteries, and a
sense of the power and grandeur of nature.

Figure 95. Looking Down Yosemite Valley, by Albert Bierstadt, 1865. German-American artist Albert
Bierstadt left New York to capture the rugged beauty of the American West. As with other Hudson
River Valley artists, he would sketch the areas he explored, as painting on site was impractical,
and then turn the sketches into paintings upon returning home. The resulting landscapes were
often a combination of different features seen in various locations, and the colors and especially
the lighting were played with and intensified to heighten the awe-inducing effect of the scene.

Conclusions

87



Figure 96. http://www.flickr.com/photos/paulobar/230134559/ Photo: Paulo Barcellos Jr.

Night- time fascination even in the busiest cities in the world, like New York City, is based on
shadows and darkness. We can find all the fascinating elements of darkness in Paulo Barcello Jr’s
photo. “Physiological darkness” (Light and shadow in the same photo) + “Physical

darkness” (emotion: love/hate) + “Behavioral darkness” (darkness is holding attention and fear) +
“Biological darkness” (control over the darkness, no fear of nocturnal animals)+ “Mental

darkness” (interesting contradiction between darkness and death and living city that never even
sleeps)+ “Artistic darkness” (what lighting composition, can you here the song “New York, New
York” in your ears??).

Despite hard and time-consuming efforts | have not found any written scientific articles or any
professional psychologically educated person to explain and/or determine the scientific basis of the
essence of darkness and its impact on human behavior. This observation has revealed, | think, a
clear link between design and the mystical essence of the “great unknown” as a factor between
semiotic connections in architecture and interesting design.

Cultural differences in darkness behavior have a powerful influence on architectural lighting design
metaphors through lighting concepts. These differences cannot be identified or explained by
means of technical numerical light values. There is some divergence as regards lighting
recommendations, but because all countries follow the CIE (Transnational Research Organization)
research results, cultural influence cannot be identified. We have to look and search for these
remarkable, educationally important and influential behavioral differences through anthropological
studies.
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3.6.3. Japanese shadow design

3.6.3.1. Ancient Asian shadow puppetry

Ancient shadow play culture is a naturally developed link to modern Japanese lighting design
culture. Numerous similarities can be found between these two shadow design activities, among
them reverence for shadows, telling stories with shadows, directions of light, creating shadows
instead of creating light, etc.

Shadow puppetry originated during the Han Dynasty (206 BC—-220 AD), when one of the
concubines of Emperor Wu of Han died from an iliness. The emperor was devastated, and
summoned his courtiers to bring his beloved back to life. The officers made a shape of the
concubine using donkey hide. Her joints were animated using 11 separate pieces of leather, and
adorned with painted clothes. Using an oil lamp they made her shadow move, bringing her back to
life.

Since then, shadow play (shadow puppetry) has been an ancient form of storytelling and
entertainment in Asian countries. Shadow play uses flat articulated figures (shadow puppets) to
create cut-out figures which are held between a light source and a translucent screen. Before
electric lighting, oil lamps were used as light sources. The thin cut-out shapes of the puppets form
sharp shadows and sometimes also include translucent color or other types of detailing. Various
effects can be achieved by moving both the puppets and/or the light source. A talented puppeteer
can make the figures appear to walk, dance, fight, nod, and laugh.

Light & Shadow & Movement

In shadow puppetry, opera, ballet and theater people do not move, they sit still and the movement
happens on the stage through a combination of shadow and light and actors’/dancers’ movements.
In real life, outdoors, lights and shadows are still (facades, streets, trees, windows, etc.) and it is
the observers, like pedestrians, cyclists, drivers etc. who move. In both cases, the interest is
created through a balanced use of shadow and light.

Figure 97. Left to right: Left: A Javanese wayang kulit (shadow puppet) performance by a famous
Indonesian dalang (puppet master) Ki Manteb Sudharsono, is usually a whole night long. Photo
Gunawan Kartapranata.Middle: New Year ballet. Photo: Paris Opera. Right: New Year’s Eve,
Champs Elysees. Photo: Irwin H. Segal. Similarities in all three images are: light & shadow &
movement.

3.6.3.2. Origins of Japanese lighting design

“In making for ourselves a place to live, we first spread a parasol to throw a shadow on the earth,
and in the pale light of the shadow we put together a house” (Tanizaki 2001b)
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Figure 98. Japanese style house. Photo: Homes Aura

“And so it has come to be that the beauty of a Japanese room depends on a variation of shadows,
heavy shadows against light shadows — it has nothing else. Westerners are amazed at the
simplicity of Japanese rooms, perceiving in them no more than ashen walls bereft of ornament.
Their reaction is understandable, but it betrays a failure to comprehend the mystery of

shadows.” (Tanizaki 2001c)

“I have written all this because | have thought that there might be still somewhere, possibly in
literature or the arts, where something could be saved. | would call back at least for literature this
world of shadows we are losing. In the mansion called literature | would have the eaves deep and
the walls dark, | would push back into the shadows the things that come forward too clearly, |

would strip away the useless decoration.” (Tanizaki 2001d)
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Figure 99. Old Japanese-style room. Photo: Aminus3

There is no doubt about the influence of shadow puppetry on Japanese lighting design, but it is
only one element inside this complex field. According to a Japanese lighting designer Kaoru
Mende: “After all, Japanese architectural lighting design started by absorbing Western lighting
techniques and following the finest examples of its applications. But the perennial and passionate
debate over the differences between Japanese and Western culture inevitably comes down to
differences in climate and topography, architectural techniques and form, belief and religion
differences that in their totality have also produced contrasting culture attitudes towards light and
illumination” (Mende 2005). Some typical Japanese lighting (or should we say shadow) design
elements:

Darkness gradation (the realm between light and shadow). Instead of uniform use of light,
using shifting shadows from top to bottom and from left to right. An infinite range of shadow
gradation within light and dark is a unique Japanese design philosophy and technique.

Contrast (the dynamic interplay of shadow and light). Our senses are extraordinarily
adaptable. We perfectly can handle 100,000 Ix sun light, but also 2 Ix of moonlight might
seem very bright as well. We cannot analyze contrast effects with our human senses as we
can do by measuring lighting values, like illumination and luminance. In lighting design we
have three fundamental and studied ratios: 1:3 (for example in interior lighting/offices not to
tire the eyes), 1:5 (for example building entrances to smooth the relation between
peripheral areas and closed elements, like entrance carpet) and 1:10 (for example, a large
environment lighting vitrine with eye- catching products, like department stores). These are
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constantly used illuminance values in daily lighting design. But the actual contrast is based
on visual perception, which must be taken into account in good lighting design. Colors,
materials and space structuring are important elements.

Layering (the art of shadow upon shadow) Western metropolises and towns are so
overloaded with light that lighting designers have to mainly use the “layered lighting”
philosophy, while Asian lighting designers have more opportunities to use the “layered
shadow” philosophy in lighting design.

Figure 100. The Tokyo Club/2005 Tokyo, Japan. (Lighting designer Kaoru Mende. Photo: Kaoru
Mende + Lighting Planners Associates)

“The newly built members-only social club sits in a quiet, tree lined neighborhood. Given the
character of the neighborhood, the building needed an inviting exterior that harmonizes with rather
than isolating it from its surroundings. The exterior is illuminated by uplighting just inside the front
glass fagade that serves as the face of the building. The gradation of light comes from the
uplighting facades naturally in the upper reaches of the facade, adding elegance to the exterior
and casting gentle light onto the street. Besides seamlessly merging the exterior with its
surroundings , the tree lined street bathed in gentle light has a palpable yet shooting presence
inside. Here, interior lighting meets all its typical practical functions with a design scheme that
creates a relaxing ambience free of excess ornamentation” (Mende 2005a)
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Figure 101. World City Towers / 2006 Tokyo, Japan. (Lighting designer: Kaoru Mende. Photo:
Kaoru Mende +Lighting Planners Associates Inc.)

“This super high-rise luxury housing complex built in Tokyo’s Tennozu Isle District is like a resort in
the city. The lighting in the luxury hotel-style main entrance of the complex both minimizes the
presence of lighting fixtures and emphasizes the texture of the entrance’s striking juxtaposition of
architectural materials. The lobby is cast in comfortably restrained base lighting designed to
highlight its various design elements. llluminating the materials in this way adds brightness to their
texture to create an elegant everyday space. Likewise, landscape lighting provides enough light for
safe passage while creating light and shadow contrasts that bring out the spatial depth of the
grounds. The rhythm of carefully arranged sequences of light and shadow serves to emphasize the
space’s uninterrupted breadth and depth.” (Mende 2005b)

3.6.4. Poetic light & shadow in Western culture
3.6.4.1. Asian and Western similarities

There are differences between Asian and Western countries such as:

culture
climate

topography
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architecture
design technics
attitude

religion

etc.

These differences have an influence on the contrasting culture, attitudes towards light and
illumination, shadow and darkness on both continents. Ethnography is a crucial tool for better
design, helping designers to connect profoundly with their clients and create more compelling
solutions. It asks the designer to share the environment, problems, language, rituals and social
relations of a particular group or community of people. It is good to not only understand but also to
feel/experience the world as they do.

However, in spite of these ethnographical differences there are also general similarities and equal
possibilities in lighting design, both in Asia and the West. Light creates the night-time architecture
and is a common language throughout the world. Skillful use of shadow design is the key to
interesting, city beautification with light on all continents.

Figure 102. Similarities between an Asian city and Western city. Left: Tokyo. Photo: Puku/
SIME-4Cornesimages. Right: New York City. Photo: benjamineenglishcorner

The general fact is that we have globally much too much light all over in our illuminated landscape
areas and also indoors. We have to remember that “The Shadow is The Best Friend of

Light” (author) and that shadow is born from light (Howard Brandston). Life &Death / Salt & Sugar /
Love & Hate / War & Peace/ Light & Shadow. They all are pairs of life and we desperately need
them. Look at old films made in the West like “Citizen Cane” or “Casablanca” or Charlie Chaplin’s
“The Great Dictator” or “Harry Lime the Third Man”. Masterly use of shadow and light with dramatic
music.
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Figure 103. A still from the film Casablanca: "Moe's bar". Photo: (Wikipedia 10)

Beautifully applied light & shadow in lighting project is to be seen in Grand Central Station in New
York City, where the average horizontal illuminance value is Enorav = 15 IX. International lighting
recommendations require Eay = 200 IX. Energy saving is 92% and the solution is beautiful. People
all over the world come to enjoy the wonderful Genius Loci of the station.

Figure 104. Grand Central Station. Photo: Julle Oksanen

At Grand Central Station the ambient light was achieved with silently whispering lights on the
forecourt area. The focal glow was achieved with lights glowing at the entrances to the platforms.
The play of brilliance was achieved with a row of incandescent lamps on the upper edges and
chandeliers. The lighting level is Enav = 15Ix, which is 8% of the recommended Ex = 200 Ix. The
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space is like an enormous shadow which has some lights flickering here and there, yet an
approaching person can still be discerned from a distance of 10 meters. The lighting composition is
perfect. It was designed by lighting designer Charles Stone (FMS Ltd, New York New York). You
can almost hear the basic silent sounds of a violin and the sharp footsteps of a traveler. All the
senses are tuned to sensitive levels. This is a masterpiece of the lighting renovation project from
the late 1990’s.

Lighting designers have to think of space three-dimensionally with the right relation of shadow and
light. Two masters of shadow and light, the architect Professor Juhani Pallasmaa from Finland and
the lighting designer Professor Howard Brandston from New York say that the world needs more
skillful thinkers and - architectural shadow designers. | am not sure if these things can be taught,
but we need to accomplish something quite radical to achieve more beautiful night- time
architecture. We have to find the “Lost Shadow” again in the West. The best way to find this lost
shadow is to add lighting/shadow design as an integral part of programs in design education in
schools of architecture. Now would be a perfect time when a sustainable and efficient light source,
LED, has been “selected” as a light source for tomorrow. At the moment only a few universities
worldwide offer degree programs in lighting design. We have to thank the IALD (International
Lighting Designers’ Association) for their persevering and pioneering in the interests of lighting
education. See: www.iald.org

3.6.4.2. Materiality and tactility of light

Juhani Pallasmaa articulated in masterly fashion his personal and poetic relation to light and
shadow in his lecture “The touch of light — materiality and tactility of light” (Pallasmaa 2011)

In his lecture Professor Pallasmaa explained how light and its accompanying shadow give
volumes, spaces and surfaces their character and expressive power, and they reveal the shapes,
weight, hardness, texture, moistness, smoothness, and temperature of materials. He explains how
the interplay of light and shadow also connects architectural spaces with the dynamics of the
physical and natural worlds, seasons, and the hours of the day.

| think that these elements are seldom recognized, or anyway thought through carefully enough
during the design process, even if they are valuable and needed in the process of creating a
professional lighting design metaphor. They also belong to a heuristic “toolbar” after metaphor
selection, because of their emphasis options. If they were recognized easily, we would have more
beautiful lighting solutions in our city structures.

Pallasmaa also refers to Paul Valery’s question “What is there more mysterious than clarity? What
more capricious than the way in which light and shade are distributed over hours and over men?”.
(Pallasmaa 2011) Pallasmaa also explains how natural light brings life to architecture and connects
the material world with cosmic dimensions. Light is the cosmic breathing of space and the
universe. Pallasmaa shares his thoughts with Le Corbusier, Frank Lloyd Wright and Louis Kahn,
whose thoughts on light and space are integrated into this dissertation in the introduction to
“Masters of architecture and architectural lighting”, with the exception that Pallasmaa, as a
philosopher, goes a little “deeper” when talking about “Cosmic dimensions”.

Pallasmaa continued his lecture by explaining how light has its own atmospheres, ambiances, and
expressions; it is surely the most subtle and emotive of means of architectural expression. No
other medium of architecture - spatial configuration, form, geometry, proportion, color or detail -
can express equally deep and subtle extremes of emotion, ranging from melancholy to joy, grief to
ecstasy, sorrow to bliss.
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| think that there is a paradox: We all “accept”, agree and admire his, Le Corbusier’s, Louis Kahn’s
and Frank Lloyd Wright’s great words and thoughts, but why then is lighting design education still
lacking and why are projects implemented by self-taught people? The question arises; don’t we
believe these masters’ message or don’t we believe in education?

Pallasmaa also lectured about daylighting by saying that the occasional and happy mixing of the
cool light of the northern half of the sky and the warm light of the southern sky in a single space

can give rise to an experience of ecstatic happiness. As a young architect, | understood light
merely as a quantitative phenomenon, but | have learned to understand that, in fact, it expresses

the most subtle, metaphysical, and emotive qualities. Nowadays, | try to bring natural light into the
darkest areas of my buildings, where it is experienced as a special gift and sign of the architect’s
generosity.

| think that daylight is close to every architect’s heart and his lecture would have been incomplete
without it, especially when the lecture is given in New York City and Pallasmaa comes from
Finland, the country of “mystic daylight”.

Pallasmaa continues by talking about light and shadow and how as a pair they articulate space
into sub-spaces and places, and their interplay gives space its rhythm, sense of scale, and
intimacy. He also refers to Brancusi; “Art must give suddenly. All at once, the shock of life, the
sensation of breathing” (Pallasmaa 2011) in architecture this sensation of breathing is mediated by
light. Light directs movement and attention creating hierarchies and points of importance and foci.
The paintings of Rembrandt and Caravaggio demonstrate the power of light for defining hierarchy
and a point of dominance.

| think that this strengthens my faith in lighting education. | have also studied the art of Rembrandt
and Caravaggio during my over 10-year attendance at CIE division 3, Technical Committee 3.22;
“‘Museum Lighting and Protection Against Radiation Damage”.
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Figure 105. Rembrandt: “Meditation”.

Figure 106. Caravaggio: "O chamado”.

98



Pallasmaa pointed out that in these paintings, human figures and objects are wrapped in a
soothing embrace of soft light and merciful shadow. In the paintings of Georges de la Tour (1593—
1652) and Louis Le Nain (c. 1603—1648) the light of a single candle suffices to create an intimate
enclosing space and a forceful sense of focus. Due to its flickering character, candlelight is
especially tactile; it seems to finger objects and surfaces like a gentle massage. Candle light
creates an entire universe of intimacy. No wonder Gaston Bachelard wrote an entire book “On the
light of the candle” (Pallasmaa 2011).

Figure 108. Louis le Nain “La tour”.
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At the end of his lecture, Professor Pallasmaa evaluated Johannes Vermeer’s painting. “Ten days
ago | experienced one of the most beautiful works of art | have ever seen. This was Johannes
Vermeer’s “Woman Holding a Balance” (c. 1664) in the Alte Pinakothek in Munich. | had seen the
painting perhaps twenty years earlier at the Natural Gallery of Art in Washington, D.C., but it did
not hit my soul quite as forcefully and nobly as it did now. The light enters behind the curtain from
the upper corner, embraces the room very gently, lights the white parts of the woman’s dress into a
sacred glow, and picks up the objects and pearls on the table like one would pick berries on a
meadow. This is not only light for the eyes; this soothing light penetrates directly into one’s heart. “.

(Pallasmaa 2011).

Figure 109. Johannes Vermeer “Woman Holding a Balance”.

3.6.4.3. Shades of Light

“During the academic year 2012-2013 | was employed in Troy, New York by Rensselaer
Polytechnic Institute’s Lighting Research Center as a Visiting Adjunct Professor. | met my
predecessor Howard Brandston at his home in New York, where | introduced my teaching material
to him. | recognized his profound and philosophical style immediately. | enjoyed philosophical
discussions with him. In 1966, Howard Brandston founded the New York-based lighting design
consultancy now known as the Brandston Partnership Inc. (BPI). During the next 44 years, he and
his staff were responsible for more than 3,500 projects around the world. The firm currently
employs a total of 30 people with offices in New York, Shanghai, and Beijing”. (Brandston 2008).

According to Howard Brandston’s personal philosophical touch and style, his book “LEARNING TO
SEE: A Matter of Light”, includes a lot of metaphorical and heuristic material from a lighting
designer’s point of view. The same elements and arguments are clearly identifiable as in Juhani
Pallasmaa’s lecture, only the approaching perspective is a little different. While Pallasmaa’s lecture
has a strong and profoundly personal approach from an architectural point of view, Brandston has
more didactic style and includes a wider angle of approach. Of course it is difficult to compare a
lecture and a book, but both strongly support the heuristics and metaphors of my dissertation.

Brandston writes how light is time’s swiftest traveler and how light allows us to see not only through
our senses, but also through our soul. It is a word that evokes a wide range of feelings within
different people. To a philosopher, light is a metaphor for knowledge; to the scientist, it is a
fundamental component of his or her work; and to the scenic artist, it is a tool with which to
manipulate emotions. It has been defined by Maxwell and painted by Caravaggio. To the rest of us,
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who are sighted, it is the primary medium through which acquire information. Light is energy — it is
matter by which all life is measured.

Brandston writes how light is a link through all humanity, encompassing the entire spectrum of
needs and emotions and how it defines cultures and reveals architecture. He also recounts how
light creates shadows and is born of shadow. This philosophical sentence is some kind of mix of
two shadow philosophies; “Shadow is the best friend of light” (Julle Oksanen) and "The material is
made to cast a shadow, and the shadow belongs to the light” (Louis Kahn). He also explains how
light has the power to uplift, soothe, enhance visibility and discrimination, and generate a sense of
comfort or even discomfort at times. Light can be harnessed to inspire, befriend, create a sense of
community.

Interestingly his metaphorical comment; “Light, like music, fills, reveals and creates space” support
my music and lighting composition metaphor in the Mariehamn West Harbor project.

The Statue of Liberty and poetical light

Some matured thinking of light unveils Brandston’s years of professorships in the Lighting
Research Center. There is also a clear scientific way to look at light as in his sentence: “Light is a
pure form of energy that is neutral to all matter it touches no matter what the context. It is an
essential natural energy that is produced in many ways” (Brandston 2008). He uses these scientific
doctrines and applies them to poetry by explaining: “Lighting is the application of light to
composition space. It is a malleable medium that manipulates the senses to reinforce the context
and mood of spaces. Lighting is an art unto itself, supported and enhanced by

science.” (Brandston 2008).

A great example of Howard Brandston’s skills in applying his poetical theories and - touching on a
pragmatic lighting design project, is one of his greatest and most challenging projects, the lighting
design of the Statue of Liberty in New York City.

“The Lighting of the Lady”

The clear and exemplary poetic use of heuristics in solving the metaphor of “The Lighting of the
Lady™

“I pondered the challenge of how to illuminate this icon, so | took a boat out into the harbor and
observed her from various distances and at every angle. | observed her at dawn, noon, dusk and
in the darkness of night. At some point of the process, | walked to the end of the Battery Park
Promenade, sat on a stone wall, and it came to me: She looked best in the light of dawn. | took out
my little notepad and wrote: “Needed: one light source with spectral power distribution to mimic the
morning sun, one to mimic the morning sky and a new light fixture to project light from a great
distance — this makes a lady with green skin look good.” (Brandston 2008).
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Figure 110. Statue of Liberty. The Lady has a soft and “whispering light” on her, beautifully
integrated into the context. Photo: Howard M. Brandston

Figure 111. Statue of Liberty. The photo reveals the success of Howard Brandston’s idea to
emulate the morning sun when the green skin looks good. The new light source was produced by
GE for this specific and iconic project. Photo: Howard M. Brandston.
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3.6.5. Modified use of “Contrast Ladders”

This subsection is based on R.G. Hopkinson’s work on Scales of Apparent Brightness, the Law of
Pragmatic Truth and whispering lights and answers Research Question 2) “Can we find executable
design tools to change the direction of the last 100 years of technical lighting design practice into
more artistically orientated architectural lighting design processes?”. The answer to this question
can be found in the use of “The Law of Pragmatic Truth”. It has been used as a modification tool to
define pragmatic and collectively accepted “tolerances” between scientific research results on the
use of “Contrast Ladders”, based on R.G. Hopkinson’s work on the Scale of Apparent Brightness
and practical values in architectural outdoor lighting projects. Wise use of this tool also saves huge
amounts of energy in public lighting. Modified use of “Contrast Ladders” can be applied to serve
practical lighting design, especially when we are concerned with low lighting levels where this
modification process works perfectly without any kind of saturation of sight.

This subsection also gives an answer to Research Question 3) Can we use those tens of
thousands of pages of technical lighting research results for this transition process to achieve
aesthetic lighting solutions? If the abstruse Hopkinson’s work on Scales of Apparent Brightness
can be modified to serve aesthetic architectural outdoor lighting projects by using “The Law of
Pragmatic Truth”, then why would this law not work for hundreds of more basic technical research
results? It is also very important to remember that we cannot quantify values for human sensations
(smell, noise, vision). Technical research results are mostly based on numerical values.

This subsection also gives an answer to Research Question 4) What are the benefits of using the
first-generation pragmatism of C.S. Peirce and William James in order to utilize pragmatic light
technical research results to serve architectural lighting design? The benefit is that technical
lighting research results can be applied to serve real- life projects.

3.6.5.1. R.G. Hopkinson’s observation

As a young engineer R.G. Hopkinson was assigned his first task, a street lighting project. When
measuring road sign luminance values, he wondered why the meter did not show what he saw.
Night-time measured luminance was 34 cd/m?, although the sign seemed as bright as during day-
time, when the "brightness" of the sky was more than 100 times greater. (The luminance of the
street sign during bright daytime is easily 3500 cd/m?).

Figure 112. The traffic sign on the right is 100 times brightéf than the one on the left. Photo: Julle
Oksanen

This observation was led Western style shadow treatment in the right direction. R.G.Hopkinson
created valuable Scales of Apparent Brightness based on this observation. J.M. Waldram used his
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“Designed Appearance” technique in his lighting of many English cathedrals; this was a practical
implementation of Hopkinson’s Apparent Brightness work. Unfortunately engineers working on
large scale did not know how to proceed after R.G.Hopkinson had finalized his research and the
results were ready for use. This dissertation rehabilitates Hopkinson’s research results to the
honorable level where they belong.

3.6.5.2. Hopkinson’s Scale of Apparent Brightness and Contrast Ladders

“Lighting is a technology in which the relation between physical energy and the visual sensory
reaction is of prime importance. Photometry would be impossible without the basic Relative
Luminous Efficiency function for the standard observer. This basic stimulus-sensation relation
enables us to build a scale of photometric units in terms of the energy of stimulus”. (Hopkinson
1957)

“A very precise scale is hardly feasible because:

Our visual mechanism at any one moment can register only a limited range of energy
stimulus. A small amount of energy reaching the eye may cause no sensation of light (It is
below the threshold of sensation).

Too much energy saturates the vision mechanism.

The increment of energy, which causes a given apparent change in brightness, varies
systematically in a non-linear manner (Equal changes in luminance do not produce equal
changes in subjective brightness).

There is uncertainty and hysteresis in stimulus-sensation relation.

Human beings cannot assign an exact numerical value for visual sensations.

There are different methods for deriving an Apparent Brightness Scale:
Contrast Scaling
Luminosity Photometer
Method of Direct Estimation”

(Hopkinson 1957b)

In the conclusion of that scientific article Hopkinson states that it is not a purpose of his paper to
detail the uses of an apparent brightness scale. That must await another occasion. His paper is
clearly the beginning, not the end, of the story. It shows, | think, that a useful engineering scale of
apparent brightness can be derived by various methods, including direct estimation. The effects of
adaptation can be allowed for.

Hopkinson writes that much more work is necessary before a final scale can be proposed, but in
my personal experience of using his Scale of Apparent Brightness in my own projects, the existing
basic research is enough. | have two reasons for this opinion. 1) Ambient lighting levels are always
low in lighting design projects where contrast ladders work more exactly than in high ambient
lighting levels and 2) According to S.S. Stevens’ research human beings cannot assign an exact
numerical figure for observed lighting levels. (Hopkinson 1957c).

Hopkinson nevertheless hoped that CIE could turn its attention to solving the problem.
Unfortunately lighting research activities in CIE have have spread on a large scale to address all
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new challenges in the lighting world and Hopkinson’s Scale of Apparent Brightness has been left
behind as a valuable tool for possible future use.

This dissertation studies and explains the use of modified contrast ladders based on Hopkinson’s
Scales of Apparent Brightness in practical applications with the help of “The Pragmatic Theory of
Truth”. R.G.Hopkinson was a scientist and used scientific procedures. His study of the “Scale of
Apparent Brightness” is based on scientific observations and scientific nomenclature (such as
“Luminance stimulus” and “Apparent brightness on an arbitrary scale”). See Figure 113.
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Fig. VIL3. Scal of Apparent Brightness determined from Contrast Scaling Technique (Hopkinson, 1939, }lopki:n?n,
Waldram and Stevens, 1941). Each curve relates the physical beigh stimulas (lumi ) with the corresponding
subjective brightness magnitude for a given adaptation level.

Figure 113. Scale of Apparent Brightness. The diagram is scientific and too complicated to be used
for practical lighting design projects, for example for facade lighting. Photo: (Hopkinson 1939)

In order to be able to use these scientific results in real life practical projects, we have to find the
key. That key is “The Law of Pragmatic Truth”, an instrument between scientific theory and
practice.

3.6.5.3. Pragmatism as an instrument

One problem is “shadowing” and even preventing the use of Hopkinson’s Scale of Apparent
Brightness diagram in practical architectural lighting design. Research tests were implemented in
“Black and white” (Hopkinson 1957¢c) and in real life we have colors (like building facades, trees,
monuments, etc.). Another problem was the difficult and scientific nomenclature, which was
complicated for practical lighting designers (e.g. engineers, architects etc.) to use and understand.
There is a scientific “tool” to put to use this valuable diagram with all its scientific nomenclatures
and practical uncertainties when defining perceived brightness values of brightness and linearly
measured luminance values in architectural outdoor lighting design. That tool is “The Law of
Pragmatic Truth”.

Pragmatism is a philosophical tradition that began in the United States around 1870. Pragmatism
is a rejection of the idea that the function of thought is to describe, represent, or mirror reality.
Instead, pragmatists develop their philosophy around the idea that the function of thought is that of
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an instrument or tool for prediction, action, and problem solving. Pragmatists contend that most
philosophical topics-such as the nature of knowledge, language, concepts, meaning, belief, and

science are all best viewed in terms of their practical uses and successes rather than in terms of
representative accuracy.

A prime example of real life and “The Law of Pragmatic Truth” is Isaac Newton and his laws of
physics. "Philosophiae Naturalis Principia Mathematica” of 1687. We design buildings today
according to these laws, although we now know that they are not theoretically perfect, they are
however, precise enough for practical calculations and work in real life.
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Figure 114. Photo: http://www.library.usyd.edu.au/libraries/rare/modernity/newton3.htmi

“The Law of Pragmatic Truth” can be used as a tool to define pragmatic and collectively accepted
“tolerances” between scientific research results and practical values in architectural outdoor
lighting projects. Wise use of this tool also saves huge amounts of energy in public lighting.
Hopkinson’s Scales of Apparent Brightness can be modified and transferred to serve the purpose
of practical lighting design, especially in the case of low lighting levels where contrast ladders work
perfectly without saturation of sight.

3.6.5.4. Hopkinson’s Scales of Apparent Brightness and practicality

First we have to “change” or replace scientific terminology with practical terminology using The
Law of Pragmatic Truth as an instrument:

When we “multiply” Hopkinson’s scientific “apparent brightness (arbitrary scale)” by “The
Law of Pragmatic Truth” factor we get “relative brightness”, which practically means “visible
units”. The change in each vertical unit (1-2-3-4-5-6-7-....90) means a barely perceptible
change.

When we “multiply” Hopkinson’s scientific “luminance stimulus” (tested with a square field
patch subtending 3 degrees side at the subject’s eyes) by “The Law of Pragmatic Truth”
factor we get the “luminance of the object”. (Facade, tree, monument etc.)
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For practical reasons we have to change the old-fashioned Footlamberts to cd/m? 1FL =
3,43 cd/m?

A green, 25 cd/m?line is also marked and classified as a limiting average maximum fagade
luminance value (luminance of object) in the environment classification E4 (cities and
towns, with strong environment lighting).

Defining adaptation level = ambient luminance in a real-life architectural lighting design
project can in some cases cause problems, especially if the ambient light in the observer’s
view is not solid. For example, in a dark forest ambient light is practically solid and easy to
measure with a luminance meter, but in urban areas, for example, there are different areas
of brightness. In cases where the ambient light is not solid and easy to define and measure,
the designer can take many measurements and use an average value of these. In
extremely busy city centers the average ambient brightness may rise so high that it is no
longer practical to use this method at all.
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Figure 115. Scale of Apparent Brightness in cd/m?. Scientific terms are replaced with practical
terms. Photo: Julle Oksanen & Antti Purhonen
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Table. CLASSIFICATION OF DISTURBING LIGHT / CIE 150:2003

lass 1
Environment hature like Countryside Suburb area Town city
Lighting environment dark Little enwvir. lighting JAverage environmental lightin Strong environment Ightm

Tablo. LIMIT VALUES FOR THE DISTURBING LIGHT / CIE150:2003

vironment class ination of the sky o the windows intensity of a light source of the
ULR % E, I | ked L, com- ]Lm cm
ita yo *a yo ita - aka
F1 0 2 1 25 0 0 0
E2 5 5 1 7.5 05 5 10
E3 15 10 2 10 1 10 60
Fd 25 25 5 25 25 25 150

Limd values above should be respected when the disturbing light exderior of the target is measured

ULR % = maximum Bght porton tumned above of the horizontal level while lamps are in usage positions.
E_Ix=vetical Ignt \ntensity turned 1o the windows of a bukiing, & calculated while cesigned or measured aftierwards if necessary

Icd = Ight intensity. that turns 10 a target that is “disturted”, i3 the value received from the ighting plans and calculations.
L/ edin? = the luminance (ke luminocity of the surface) from the ightng nstalaton that is tumed lowards the walls of surrounded buidings

3.6.5.5. A subjective and practical example and a closer study of modified Hopkinson’s
Scales of Apparent Brightness: The forest — flashlight — white paper test:

The forest-flashlight-white paper test serves to clarify the use of modified contrast values and also
opens the “gate” to Hopkinson’s scientific world. The test is very simple and educational. Two
people go to the forest. One has a flashlight and the other has a sheet of white A4 size paper.

“Assume a white sheet of paper lit by a flashlight against the background of the forest at
night and during the day.

Night

Assume reflectance (p) of background forest = 0.2; that of the paper to be 1.0 (although
a better estimate would be 0.8).

Assume illuminance due to the moon = 2Ix

Assume flashlight of intensity = 50cd at a distance of 3m from the paper.

E = 1/d2 and therefore the vertical illuminance, Ev on paper due to flashlight = 50/9 ~
5.61x

From L = pE/, luminance of paper, Ly = 1 x 5.6/11 = 1.8cd/m? and luminance of
background, L, = 0.2 x 2/11 = 0.1cd/m?

Day
Assume illuminance due to daylight = 10 000Ix (strictly speaking on the horizontal
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plane but a reasonable estimate for the vertical plane).

From L = pE/m, luminance of paper (without flashlight), L, = 1 x 10000 /11 = 3183cd/m?,
luminance of paper (with flashlight), Ly = 1 x 10006 /11 = 3185cd/m2 and luminance of
background, L, = 0.2 x 10000/t = 637cd/m?

Adaptation luminance

There is continual debate about what value should be taken for the adaptation

luminance. Waldram, for example, suggested taking the average luminance in the field-of-
view within 10° of the area of vision. In this example (ignoring the

luminance of the paper) a reasonable approximation can be an adaptation luminance

of 0.1cd/m? at night and 637cd/m? during the day.

The object, background, and adaptation luminances can now be plotted on the metric
version of Hopkinson's Apparent Brightness scales prepared by the author (approximate

blue circles).

Thus at night the Apparent Brightness of the paper against the forest background is 33-8,
a brightness ratio of about 4:1.

During the day the Apparent Brightness of the paper with and without flashlight against
the forest background is 85/84-72, a brightness ratio of 1.2:1 and 1.2:1 respectively.

This explains why the effect of the flashlight is so marked compared to the situation
during the day.” (Mansfield 2016)
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Figure 116. Pragmatic flashlight test with modified contrast ladders according to Hopkinson’s
Scales of Apparent Brightness. The red dots are a quickly done heuristic calculation by Julle
Oksanen on a real-life project and the blue circles are the results of Dr. Kevin Mansfield’s scientific
calculations. Photo: Julle Oksanen

The pragmatic flashlight test with contrast ladders works perfectly at lower ambient lighting levels
and is a great tool to use e.g. with CIE new recommendations concerning the maximum fagade
surface luminance (green vertical line) in cities and towns.

3.6.5.6. Students’ Sibley Hall facade lighting study at Cornell, New York, USA:

| have personally taught and explained the use of contrast ladders in many universities for over 20
years after discovering it myself. Given that human beings are not capable of assigning numerical
values to visual sensations like light, demonstrations have always followed the theoretical part of
the courses.
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Figure 117. Students’ workshop area, Sibley hall at Cornell. Photo: Julle Oksanen
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Figure 118. Calculation and measurement object, the walls of Sibley Hall. Photo: Julle Oksanen
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Figure 119: Students’ contrast ladders application study. Photo: Students at Cornell
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Figure 120. A common practical lighting demonstration. Photo: Nicholas Rajkovich

3.6.5.7. Facade luminance studies on “own projects”:

*

40 VISI ;
L racace =B COM2 B Facace = 21 X * RF racans =60%
E recoimenoanion = 35 L (1,5-2 x E racace)

Figure 121: New lighting for Fiskars Village Mansion. Photo: Vesa Honkonen
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In the fagade lighting of a mansion at Fiskars old 1500W halogen lamp luminaires were changed to
70W Metal Halide lamp luminaires. The results of the new lighting solution: Ambient luminance
(adaptation level) Ladapt. = 0.1 cd/m?2, the reflection factor of a light fagade is 60%, designed and
measured as Efacade = 21 IX. Lighting recommendations offer Efacade = 35 IXx. The energy saving is
40% and the facade could be much darker. Lighting designers Vesa Honkonen & Julle Oksanen
had problems finding fagade lighting luminaires with 35W metal halide lamps, which could have
been a perfect solution for the “Whispering Lights” type of lighting design, which was the goal.

AMBIENT LUMINANCE 0,1 CD/M2

HOPKINSON’'S CURVE
20 VISIBLE UNITS / 0.8 comz = L cescr RF=:10%-20% E war =24
HONKONEN & OKSANEN SOLUTION \\‘\ :
L OBJECT — 2 cD/M2 RF = 20% E FACADE :-31LX
RECOMMENDATION
E racaoe =1 00 -1 20 X

Figure 122. Fiskars Village brick building. Photo: Julle Oksanen

A dark brick building in the same Fiskars area. The ambient luminance is 0.1 cd/m2. Erecommendation =
100-200 IX. Efacade = 31 IX. According to the contrast ladders 20 Visible Units could be “earned”
already with 24 Ix. The energy saving is 69% - 75% and again even too much light on the fagade
surface. Lighting designers Vesa Honkonen and Julle Oksanen had to install a gray film in front of
the light distribution surface of the floodlights used. The same problem as in the mansion facade;
no suitable 35W metal halide lamp luminaires could be found.

3.6.5.8. Practical use of Contrast Ladders; Arras Cathedral, France:

In 2000 the architect Vesa Honkonen was invited to participate in a lighting design competition
“Exterior lighting design for the medieval town of Arras” in 2000. The lighting design was completed
together with the present author. Contrast ladders were used to define the luminance value, e.g.
for the main cathedral of Arras (Marked number 12 on Figure 123).
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The main lighting design philosophy was on the one hand to give darkness in the central parts of
each plaza (marked in gray) and illuminate the peripheral regions (yellow). The philosophy on the
other hand was to dim the lighting for a short distance at the approach to the plaza. In this way the
observer arrives at the plaza from a tiny, dimmed street and enjoys seeing the illuminated facades
of the plaza. This would have been easy to do because of the modest classifications of the tiny
streets of Arras.

P ASH T ]
!\’\ Cg"l'.

Figure 123. Arras town structure. The cathedral, numbered 12 on the image, was introduced in the
competition entry. Photo: Vesa Honkonen Architects, architect Mari Koskinen.
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Figure 124. Computer simulation of the cathedral fagade lighting according to lighting designers
Vesa Honkonen & Julle Oksanen. Photo: Architect Oliver Walter

Figure 125. Lighting design elements with different luminance values were marked on a black- and
- white photo as A, B, C, and CN. Photo: Oliver Walter
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12. CATHEDRALE

LUMINANCE DE :ﬁ?nlgumoeu NVEAU TEMPERATURE OBJET / LUMINOSIT
| LASURFACE | LASURFACE | DILLUMINATION DE COULEUR | ARRIERE-PLAN | RELATIVE
A 6cd/m2 | 03 - 60 Ix | 3000 K 1 | A/B 27
B  4cd/m2 0.3 40 Ix - 3000 K 2 ' C/CN - 30
C  2cd/m2 |03 20 Ix 3000 K 3 A/CN 45
CN  0,1cd/m2 . | - | -
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Different luminance values were determined by “the method of estimating” from computer
simulation. lllumination values for different elements were defined by the reflection factor of the
surface of the cathedral (the reflection value estimated as 30%). Because of the “Whispering
Lights” type of luminance values, a warm color temperature was selected.
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Contrast ladders were used to determine contrast values, which, of course, also influenced the
luminance values of different lighting elements. The highest “Visible Units” values were between
the dark sky, marked CN (Ambient luminosity, Lambient = 0.1 cd/m?) and illuminated pylons, marked
A (Lpyion = 6 cd/m?). Between these elements “Earned Visible Units” amounted to 45.

The successful use of this method can be justified e.g. in subsection 3.6.7. “Darkness in Fiskars
area’. We used contrast ladders as a part of the lighting composition. The “whispering fagade
lighting” is peaceful and does justice to the night-time architecture. Unfortunately contrast ladders
are not in common use because of the lack of lighting education.

To cover the spatial comprehensiveness of the object of darkness research and darkness design in
different kinds of outdoor spaces, the following part scrutinizes two extreme cases; New York City
and Fiskars Village. New York City is the biggest metropolitan area in the United States of America
with a population density 10,725.4 inhabitants/km? in 2013. (NYC land area 1,214.4 km?, water
area 414.08 km2 and population of 8,405,837 inhabitants). (http.//fi. wikipedia.org/wiki/New _York)
Fiskars Village has 600 inhabitants and just a few km?2. (http.//www.fiskarsvillage.fi/). These two
areas cover all the outdoor spaces included in the dissertation analysis and represent peripheral
examples of urban sprawl, which describes the expansion of human populations away from central
urban areas into low-density areas.

An example of urban sprawl: Night time satellite image of Greater Buenos Aires. Urban sprawl has
created a huge conurbation where population growth and physical expansion have merged in the
form of a continuous urban and industrially developed area.

Figure 126. "NASA ISS006-E-24987" by Image Science & Analysis Laboratory, NASA Johnson
Space Center NASA

Another reason for selecting NYC and Fiskars Village is that | have a personal connection to both
spaces. | have lived in New York and conducted lighting research for skyscrapers in NYC, but |
also accomplished the lighting design for Fiskars Village together with the architect Vesa
Honkonen. Both these spaces include semiotic and inexplicable connections between darkness
and design. The scientific treatment of darkness, such as using contrast ladders, the pragmatic
theory of truth, lighting composition and minimum semi-cylindrical illuminance values, leads to
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answers to the research questions of this dissertation (the importance of new metaphors, the shift
from technical solutions to aesthetic solutions, orientating design processes etc.). It is also very
important to have personal experience of these spaces to be able to evaluate darkness in them.

3.6.6. Darkness in New York City

As mentioned in subsection 3.6.2. “Human beings and darkness”, fascination with night-time and
the visual beauty of night-time even in the busiest cities in the world, like New York City, are based
on shadows and darkness and their controlled gradations.

Figure 127. Shadow is “the best friend” of light, also in New York City and creates a lively and
dynamic atmosphere. The continuous noise of traffic and the hectic lifestyle intensify such
feelings. Photo: Paulo Barcellos Jr. http://www.flickr.com/photos/paulobar/230134559/

New York City structure creates peculiar feelings.
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Figure 128. Night and day photos from a hotel room window on Time Square. The contrast
differentiation set human motions afloat. This cross section at Time Square is brighter at night-time
than in daytime. Photos: Julle Oksanen

Figure 129. Huge buildings are out of human scale and create strong contrasts. The bright sky
forms dark areas for pedestrians and people at zero level, which is not “a normal case”. Photo:
Julle Oksanen
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The designer of Kiasma, Helsinki Museum of Contemporary Art, the architect Steven Holl, has
stated: “You cannot get the spirit of Kiasma from any photos. You have to go into the building and
sense it there with your body and soul”. When | personally walk the streets of New York City
whether by day or by night, | have a similarly strong feeling that it simply is not right to do lighting
design based solely on technical lighting recommendations. It high time to change lighting design
paradigms worldwide. We have to start to think of light as a way to beauty the city architecture by
night, not just as a safety matter. That is also the main assumption of this dissertation.

3.6.7. Darkness in Fiskars Village area

Figure 130. The old mill area, Fiskars, Finland. Photo: http://www.lily.fi/blogit/what-else-there/5-x-
suomi-design

Fiskars old mill area is a 350-year old environment, founded to manufacture plows, axes, knives
and other iron tools mainly for agricultural purposes. It was also the birth-place of Fiskars, a large
international enterprise. Onoma, a cooperative of over a hundred artisans, designers, and artists in
Fiskars is a unique community. All the members of the cooperative, founded in 1996, live or work in
Fiskars Village. All year round the cooperative arranges high-quality exhibitions in the village,
presenting crafts, design, and art.

O — Gt wrmn s

Figure 131. An example of the artisan groups located in Fiskars: an internationally successful
designer and cabinetmaker Kari Virtanen and his team NIKARI. Photo: shttp://nikari.fi/image/data/
brochures/Nikari_Kari%20Virtanen%20designs.pdf

Fiskars wanted to have Christmas lighting and fireworks for its 350t anniversary celebrations. The
lighting designers Vesa Honkonen & Julle Oksanen proposed that instead of a fireworks display
costing a million € and lasting three minutes, Fiskars could get better lighting for the whole area
with for the same amount of money.
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The existing lighting was so poor that the designers announced that they would accept the project
on one condition: The old lighting had to be totally removed and the designers would start from
scratch. Vesa Honkonen and Julle Oksanen were the “darkness designers” rather than the lighting
designers.

On the Fiskars project we were searching for a concept and a heuristic metaphor using minimized
technical lighting recommendations and the pragmatic theory of truth as aids. We had a strong
intuition that were dealing with something special: A relatively small area and an integral entity,
complete darkness as starting point for the design, clients and inhabitants with high expectations,
nature, one road through the space, the river as a reflector, old buildings, and the continuous
sound of the tiny waterfall. We wanted to make a lighting composition for the architectural section
and minimize the disruptive light. We wanted to focus all the road lighting exactly on the road
surface, not on the environment. We wanted to illuminate building fagades with what we called
“Whispering Lights”. We wanted to put emphasis on nature and hide all the light distribution
surfaces. We found a new metaphor that led to the conceptual design process: “Shadow, the best
friend of light”.
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Figure 132. Lighting functions by Vesa Honkonen & Julle Oksanen. Photo: Vesa Honkonen

There were three clear elements which rose to prominence as regards functionalism and the
arguments for a lighting design concept. They were:

Movement (the road through the mill area)
Nature (trees and river)
Buildings (old buildings for the directors and also the workers)

Movement:
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Figure 133. Lighting composition by Vesa Honkonen & Julle Oksanen. Photo: Vesa Honkonen
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An architectural section was cut through the area and an illuminance section was created. A
composition for light. This is like a musical composition, but instead of notes there are illuminance
values.

The existing lighting solution was just 10m high poles with 250W High Pressure Sodium lamp
luminaires on 2m long arms. Yellow light was everywhere. The composition for that was just one
line through the whole area. This was a very dull composition and comparable to one long note. |
was not very excited.

In music the pause is at least as important as the note. During the pause the listener anticipates
what is coming next and enjoys the composition after hearing sounds after pauses and at different
volumes and strengths. It is the same in an illuminance section. There are different illuminance
values which are equivalent to notes and dark places which are equal to pauses.

Contrast, the power of light and life. Equal to; Love & Hate, Life & Death, Rich & Poor, Jing & Jang,
Light & Dark...Pairs of a rich life.

Figure 134. Fiskars old street lighting. Photo: Vesa Honkonen

Old and yellow light pervaded the whole place. This photo from the old case happens to give an
impression of quite a nice area, but this is a trick of the camera. In reality the place was really awful
with lighting right out of control. In normal street lighting luminaire accounts for only approx. 30% of
the lumen package of the used lamp falls on the road surface. The rest of the light, 70% of the
lumen package of the lamp, disappears in LOR -> heat, into the bushes, on the wall surfaces of the
buildings near the road and all over the surroundings. The uniformity of light was really boring and
the lighting levels were high, in the region of L = 1.5 - 2.0 cd/mZ2. Of course it was quite safe to
drive, but for such an historical area that simply is not enough.
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Figure 135. Fiskars new street lighting. Photo: Jussi Tiainen

New lighting: From the illuminance section it can be seen exactly how the light was designed to run
on the road surface in the road area. That meant that a custom-made optical system had to be
used. This “wet” image shows how sharp light falls down on road surface from custom-made
optics. The light does not stream all over to spoil the lighting composition of the whole area.
Special POT optics were used and the lamp was pushed deep into the lamp chamber. White light
was used (Ceramic Metal Halide Lamps) instead of yellow High Pressure Sodium. Color rendering
also increased from 20 up to 80. The color temperature was still a warm and inviting 3000 Kelvins.
Uniformity suffered, but that was part of the design. It became possible to reduce the speed limit
from 70 km/h down to 40 km/h. The glare value was of course fantastically low. No glare at all. The
old G-value was over 8 and under 9.

Nature:
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Figure 136. Fiskars river area lighting composition. Photo: Vesa Honkonen

Julle Oksanen: “Shadow is the Best Friend of Light” and “Glare is the Worst Enemy of Light”

Figure 137. Fiskars pond and tree lighting. Photo: Vesa Honkonen
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People walk near this pond and especially in autumn it looks fantastic because of the changing
colors. Reflections from the water surface of the pond reflect the mystery of life and darkness. The
excitement of life and optical illusion is clear. After some warm red wines served in the restaurant
on the right side of the image, walking on the bridge on the pond, the goblins and trolls carousing
in the darkness can almost be felt, heard, and seen between the illuminated trees...The pond
tempts the visitor to a nocturnal dip.

Buildings:
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— .
40 VISI#I |
=4 CDM2

- E racaoe= 21 1X RF racaoe = 60%
E recommennarion = 35 1 (1,5-2 x E racane) ;

Figure 138. New lighting of main mansion. Photo: Vesa Honkonen

Fagade lighting of a mansion at Fiskars. Old 1500W halogen lamp luminaires were changed to
70W Metal Halide lamp luminaires. Results of the new lighting solution: Ambient luminance
(adaptation level) Ladapt. = 0.1 cd/m?, the reflection factor of a light fagade is 60%, designed and
measured Efacade = 21 Ix. The lighting recommendations offer Efacade = 35 Ix. Energy saving is 40%
and the facade could be much darker. We had problems finding fagade lighting luminaires with
35W metal halide lamps. These would have been a perfect solution for “Whispering Lights” lighting
design, which was the goal.
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Figure 139. Glowing Fiskars brick building. Photo: Julle Oksanen

A dark brick building in the same Fiskars area. The ambient luminance is 0.1 cd/m2. Erecommendation =
100 - 200 IX. Efacade = 31 IX. According to contrast ladders 20 visible units could be “earned” already
with 24 Ix. The energy saving is 69% - 75% and again too much light on the fagcade surface. We
had to install a gray film in front of the light distribution surface of the floodlights. The same
problem as with the mansion fagade; no 35W metal halide lamp luminaires could be found.

Conclusion of NYC and Fiskars Village:

No matter whether it is the busiest city in the world or the tiniest village, darkness design is more
important than lighting design. Fiskars Village was the first project where we/l started to think
seriously about darkness design instead of lighting design. Thus the starting point for searching for
conceptual lighting design processes and new metaphors in my personal design career started in
1999. For seventeen years | have passionately sought answers to the dissertation research
questions.

3.6.8. Lighting composition

General:

A rational and comprehensive tool for creating beautiful architectural outdoor lighting has been
lacking. Part of the reason is the transition process from architectural lighting design in the 1930’s
to the engineering sciences. Because of detailed lighting research in CIE, technical lighting
designers started automatically to focus mainly on details like the facade lighting of a certain
building, a certain road, path, etc. The skills to beautify the city at night and the holistic perception
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of space declined. This professional differentiation between technical lighting and architectural
lighting has led to a lack of cooperation between different interest groups like town planning offices,
construction departments, electricity companies, independent architects and -engineers, etc. A
common lighting “language” is hard to find. The real reason for all this is the lack of architectural
lighting design education at university level. Until this is remedied architects cannot communicate
or ask astute questions of engineers, who have a great deal helpful light technical information to
offer. This information should be "translated" to serve the purposes of architectural lighting. A good
example of how technical research results in lighting can help to create beautiful architectural
lighting is a “lighting composition” for a certain “lighting section”.

Lighting composition following the heuristic metaphor

Lighting composition is a result of finding an interesting and tested heuristic metaphor. In the
innovation phase I/we were looking for a “Heuristically analyzed lighting design metaphor element”.
Most important “findings” in words: Music and Light — Richard Kelly’s design process — Shadow is
the Best Friend of Light — Contrast: Black sea and a soft white light veil — Poetic light.

The lighting composition designed in the lighting section drawing is not an accurate scientific
method, but it has proven to be a great tool for architectural lighting design. It is advisable to divide
the lighting design into well thought-out parts. Each part has its own architectural lighting section
and composition. Each lighting section is an artistic composition of light that corresponds to music.
In music the pause is as important as the note. In a lighting section the composition of shadow is
as important as light (Shadow is the best friend of light). A lighting section can also take account of
light technical values, such as road classifications, trespass lighting values, etc. A lighting section
composition can be sung or played to the customer on a musical instrument.

Concept

Before composing lighting sections it is important to create a clear lighting design concept for the
project. This activates creativity.

When darkness falls on the Mariehamn area, electric light pervades the whole space forming a
“glowing harbor”. The white veil over the harbor forms a strong contrast to the mystical, murky sea,
a pair of life. Pommern, the biggest 4-mast bark on earth lies dormant in the glowing white mist.
The captain is walking alone in his captain’s cap and uniform, a brown leather briefcase in one
hand and a pipe in his mouth. He is walking slowly in the white light glow towards his home leaving
behind only the slowly dissipating smoke from his pipe. The harbor falls into a dark sleep. Electric
light is composed to serve this nocturnal episode, which is more or less a dream, a personal vivid
memory of Orson Welles’ “The Third Man”.
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Figure 140. Mariehamn Harbour lighting concept. Photo: from Julle Oksanen’s & Oliver Walter’s
concept report.
Typical technical lighting solution:

Engineer type of lighting design focuses on the light technical values of the area and light only for
seeing.

Figure 141. “Typical” road lighting solution. Photo: Shawn Nielsen
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Figure 142. Lighting composition for typical technical road lighting. Photo: Julle Oksanen & Oliver
Walter (Mariehamn concept report).

A typical road lighting solution (8m high High Pressure Sodium road lighting luminaires). Quite dull,
yellow environment with a glary luminaire light distribution surface form a boring and unpleasant

lighting composition. If this lighting composition is compared to music, it would be a boring basic
tone with a woman’s scream in the middle of the tone.

CLANDANOE BELYSNING

‘l\ A M TULL.OCH PACKHUSET
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FYRMASTBARKEN POMMERN

Figure 143. Technical lighting solution for the harbour area. Photo: Julle Oksanen & Oliver Walter
(Mariehamn concept report).
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The “technical lighting design” solution for the whole harbor area would cast a yellow and dull veil
over the whole area. Blue stripes represent the glare of each luminaire. They cause a light veil (veil
luminance) on the retina and contrasts cannot be clearly seen.

Architectural lighting design composition in Mariehamn harbor

The philosophy was to follow the concept and form a modest white veil over the harbor area, the
basic tone of light that supports the strategy of nocturnal episode (the captain’s pipe and the
smoke etc.). On this basic white whispering tone, it is marvelous to build up a lighting composition
that includes lights and shadows.

ESPLANAD

FYRMASTBARKEN POMMERN

Figure 144. Architectural lighting solution for the harbour area. Photo: Julle Oksanen & Oliver
Walter (Mariehamn concept report).

An important part of the architectural lighting design solution was to create a beautiful and peaceful
white veil, the basic tone of light throughout the design area. A glare-free solution was designed
using Brando luminaires. The luminance of the light distribution surface was approximately 400 cd/
m2, which is much below the “Threshold glare value” = Moon luminance (2000cd/m2- 3000 cd/m?).
This beautiful white glow is a great basic element for a successful architectural lighting design
process. It is an accompaniment to the lighting composition.
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Figure 145. Instrument for the basic tone: Brando luminaire. Photo: Britt-Marie Transmer

Lighting sections area:

The lighting section under research is an architectural section between the Pommern and the
Museum, marked “Snitt 3” (Section 3).

Figure 146. Lighting sections 1,2,3, and 4. Photo: Julle Oksanen & Oliver Walter (Mariehamn
concept report)

Figure 147. Mariehamn West Harbor area. Lighting section 3 was made for the section from the left
side of the Pommern straight to the right side of the Museum building. Photo: Vasterman and
Sjoépromenaden report
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Lighting section 3:
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Figure 148. Lighting section 3. Photo: Julle Oksanen & Oliver Walter (Mariehamn concept report).

Lighting composition for section 3. The vertical element in the diagram is the E illumination value in
Ix. The yellow areas represent carefully designed lighting compositions. The basic lighting “tone” is
a few lux (3-4 Ix) over the whole lighting section. That represents the basic “white light veil”. The
yellow area above is approximately 3-4 Ix basic tone and the various bulges represent “Focal
Glow” lighting (like light cubes of the new Museum building) and “Play of Brilliance” lighting (like
the illuminated masts of the Pommern). A Brando luminaire is located on the left side of the
“Sjépromenaden”. It is not exactly on this section, but causes approx. Enor = 18Ix on the street
surface (Brando pole distances selected according to light traffic classification K3). On the left
edge of the lighting section the light is fading to the sea and on the right edge of the lighting section
into the park area.
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Figure 150. Simulation for lighting section 3. Photo: Julle Oksanen & Oliver Walter (Mariehamn
Master Plan report)
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Figure 151. The Pommern and lighting drawing principle in the lighting section. Photo: Julle
Oksanen

As can be seen from comparison of the image of the Pommern and the lighting composition in
section 3, the illuminance values are not scientifically exact. The 50-meter masts look bright, but
Enor cannot even be measured. Thus these illuminated masts must be proportioned to the lighting
composition wisely and understandably. The main idea is that the lighting composition gives the
right kind of mental impression of the composition and lighting design goals, not exact lighting
values. Of course the main idea is to try to follow the values as correctly as possible. For example
the marina is designed to follow the lighting recommendation values (light traffic classification K3).

Conclusions: Since lighting compositions are impossible to assemble with precise scientific values
(according to recommendations, norms etc.) as a whole, creativity is called for as well as the
pragmatic theory of truth, both of which impart “freedom” to the lighting design.

The Mariehamn West harbor project proves the functionality of a new “lighting composition”
metaphor, which leads to a new type of lighting design and conceptual process and answers all the

research questions (1-4).
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3.6.9. Meeting in the dark / recognition distance and light / Minimum darkness in outdoor
lighting composition / contrast

Instead of an intrinsic value, darkness gradation is a “philosophical gate” to achieve an aesthetical,
successful and interesting lighting solution. New architectural lighting design metaphors and
different kinds of conceptual processes must be designed so that safety aspects are also under
control. A numerical value for pedestrian safety has been researched scientifically. Mandatory
facial recognition distance and minimum semi-cylindrical illuminance values for outdoor spaces
have investigated and introduced by the anthropologist E.T.Hall, the architect Jan Caminada and
the engineer Wout van Bommel. Their research shows that measured semi-cylindrical illuminance
values were so low, that tolerances and evaluating fluctuation between different test observers
enable great and safe darkness design instead of technical lighting design (existing practice).
Successful lighting composition and darkness design values are between Esc = 3-5 Ix and the
research results were between Esc = 0.8-1Ix.

“With our senses we are able to detect certain stimuli in our surroundings. But most go unnoticed,
for example large parts of the electromagnetic spectrum. So, the “picture” our brains make of our
surroundings remains limited — and the world we experience with our senses is not identical with
the physical world. If we had different or additional senses the world would look very different.
Visual perception is a process driven by sensation with its outcome dependent on judgements
based on the perceiver's situational experiences. Seeing is an intellectual exercise strongly
influenced by perceptions and cultural experiences. It may be expressed in several ways, among
them, verbally and pictorially.” (Science Center Spectrum 2008)

Research

The study of the physiology of perception is important because it enables us to understand how
colour and levels of light lead us to perceive our environments as discernible and safe. In the
1980s, the anthropologist E.T.Hall, the architects Jan Caminada and the engineer Wout van
Bommel conducted a study on how people behave in the dark and found two important elements
of relevance to lighting designers:

The mandatory recognition distance between people approaching each other in the dark is 3.5
meters (approx. 12 feet). There should be enough light in public space to enable people to see
each other’s faces at this recommended distance.
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Figure 152. Personal zoning according to research. (Philips ILR 1980 /3)

Recognition distance

To meet this recommendation, the semi-cylindrical llluminance value Esc should be higher than 0.8
Ix or approximately 0.08 foot candles. (More information on lighting recommendations and
handbooks).
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Figure 153. Esc value as a face- recognition argument when approaching in the dark. (Philips ILR
1980 /3)
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Semi-cylindrical illumination values yielded coinciding and coherent results. Other values had
some contradictions. The semi-cylindrical illumination is understandably value, because almost all
face types more or less follow this basic shape. Head and face variations did not influence the
result. Lighting design software programs automatically calculate this value using an average face
height of 1.5m Escmin = 0.8 Ix (at selected places Esc = 3 Ix).

A computer calculation example

ﬁ

Figure 154. Calculation example: City 2030. Design: Julle Oksanen. photo: Oliver Walter and
Daniel Silberman.
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Figure 155. The average Esc value is very high. Esc = 60Ix allows LED dimming down to 90%. Then

Esc = 6Ix and facial recognition distance approx. 15m (see Figure 153). The darkness gradation
possibility is great and the result is interesting and inviting.
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Approaching test

- o+

approaching
observer

measured
recognition

' distance [m)
|
‘ | 6

Figure 156. Approaching test implemented in Eindhoven. (Philips ILR 1980 /3)

The study was implemented in Eindhoven, Holland, where Philips is headquartered. Both Wout
van Bommel and Jan Caminada worked for Philips lighting division in the 1980’s.

Personnel from one of the Philips lighting department were taken to an outdoor demonstration
laboratory. The lighted area of the post top luminaire distribution surfaces and the volume of light
(influenced by candle power and brightness of the luminaire surface) could be changed in order to
create different lighting conditions. Each person was tested as other persons approached. The
lighting values were adjusted each time and the test person was required to shout "stop” when he
or she recognized the face and attitude of the person approaching. The distances were measured

againSt the I|ght|ng ValueS and aISO Ehorisontal, Evertical, Esemicylindrical, and Ecylindrical. Based on the
results of this study, recommendations were made to produce uniform lighting values for public

areas.
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Luminaires used and glare rating

Figure 157. Principle drawing for LA 925- value. (Philips ILR 1980 /3)

If the luminaire surface is brighter than the recommendation allows, it affects the recognition
distance because glare veils the retina and the test subject loses the ability to distinguish
contrasts. This shortens the recognition distance and if the distance is shorter than 10 feet, at least
one person will change their walking direction. This situation causes tension and the space may
be perceived as unsafe. These recognition zones are valuable for relaxed and enjoyable
movement in dark. The luminaire glare value calculation formula is:

LA 0.25 ,
where,

L = measured luminance between angles of 85-90 from vertical (bright area section of the
luminaire light distribution surface),

A = bright luminaire light distribution section.

The maximum values depend on the height of the luminaire:

LA 025 = 1250, h <4.5m
LA 025 = 1500, 4.5m <h < 6m
LA 025 = 2000, h > 6m.

A practical example: Pedestrian bridge Knoxville, Tennessee, USA
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Figure 158. Julle Oksanen’s studio work at the University of Tennessee. Photo: Larwie and
Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture, Julle Oksanen
Lighting Design Ltd, Julle Oksanen & Oliver Walter

The bridge has no visible luminaires at all. Light sources are hidden in almost invisible coves,
which are located on the edges of the pedestrian area and the edges of the columns. Each cove
has one RGB LED stripe.

Study- & demonstration area

Figure 159. Julle Oksanen’s studio work at the University of Tennessee. Photo: Larwie and
Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture, Julle Oksanen
Lighting Design Ltd, Julle Oksanen & Oliver Walter
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18"

i / 4m
"' /

SECTION AT BRIDGE 375m
SCALE L/4"=1-0"

The area measured was 3.75m wide & 4m long (half of the total bridge width). Effects on Enor & Esc
& Ey values from both coves can be measured and calculated with this 1 cove and %% of the total
bridge width. Symmetrical calculus & symmetrical values.

Half of the width of the Bridge in scale 1:1 was build up at Julle’s backyard

Figure 160. Demonstration arrangement. Photo: Julle Oksanen
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Wall of the bridge
and walking surface
were painted light
grey accordingh to
information from
Architect.

Cove was build from
wood. LED stripes
were added inside
the cove.

Area above the
bridge wall was
covered with black
paperin orderto
avoid reflectances
and influences on
measurement values.

Installations ready for
lighting
measurements.

B4 2 pcs of RGB Power

Linear Light Flex LED

N stripes were used.

w Types:

OSRAM LFO05CA -

: RGB3P. (72W - 24V -
% RGB).

| Powerflex uses so

called power LED’s
and needs cooling
aluminium stripes
between wooden cove
surface and LED
stripe. If they are not
used, lumen output
drops down and LED’s
would get damages.

Figure 162. LED stripe and lighting control installed. Photo: Julle Oksanen
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In the bridge case LAO?% = 0. Fantastic. It means that all light distribution surfaces are hidden.
(LED stripes are located inside coves).

Measurements were
done by using LX-
meter.

Esc (semicylindrical
Illuminance value,
which influence on

recognision distance)
& Ev (Vertical
llluminance value,
which is a criteria in
recommendations in
USA) and Ehor
(Horizontal llluminance
values, which is basic
argument in USA) were
measured.

Figure 163. Semicylindrical illumination values and a measurement tool. Photo: Julle Oksanen
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to. " e 2
) light, especially blue light).

Figure 164. Semicylindrical illumination values for different light colours. Photo: Julle Oksanen
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Figure 165. Measurement tool for measurements. Photo: Julle Oksanen

The measurement height was 1.5m (average face height) and 5 different Everiical Values were
measured (from 0 - 45deg. - 90deg. - 135deg. - 180deg.). The Esc value is the average value of
those 5 Ey values. = 7.5Ix. Recognition distance on the bridge is over 15 m.

Esc- values on lines 1 -

Line 1 Esc = 9,8Ix
Line 2 Esc = 5,5
Line 3 Esc = 9

Figure 166. Julle Oksanen’s studio work at The University of Tennessee. Photo: Larwie and
Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture, Julle Oksanen
Lighting Design Ltd, Julle Oksanen & Oliver Walter

The measurement height was 1.5m and 5 different Evertical -values were measured (from 0 - 45deg.
- 90deg. - 135deg. - 180deg.). The Esc value is the average value of those 5 Ey values. = 7.5Ix. The
recognition distance on the bridge is over 15 m. This means really relaxing, safe, and enjoyable
movement along the bridge in every direction.
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BLUE BRIDGE

Figure 167. Testing color lights and measurement. Blue bridge. Photo: Petteri Oksanen

The conceptual design process and new metaphors are partly based on lighting composition and
mandatory recognition distance when people are approaching in the dark. The lighting composition
has clear similarities with music. Light represents a note and darkness represents a pause. As an
old violin player | know that a pause is more important than a note and gradually rising passages
increase listeners’ tension. Some research has been done to try establish analogies between
music and light, but there are a lot of conflicting obscurities and uncertainties. My personal
experiences force me to ascertain those connecting elements between music and light. |
personally always sing our lighting compositions to our customers and surprisingly they all have
told me that it clarifies the lighting composition drawing to them perfectly.

3.6.10. The similarity between music and light

Semiotic connections between music and light are based on either lighting composition (relations
between shadow and light = contrast gradation) and/or color lighting (focal glow as part of the
visual view in space). These elements have not “normally” been taken into account in previous
lighting design solutions. The problems involved can be many, like lack of education, engineering
oriented approaching to lighting design, technical difficulties in creating colors with light (before
color LED), compliance with obligatory use of lighting recommendations, to mention just a few.
Last but not least is the fact that light is electromagnetic radiation and invisible until it “touches” the
surface, which means that the lighting designer needs three-dimensional perception skills. The
next subchapters will focus mainly on connections between music, color and light. Lighting
composition has already been addressed in detail in earlier subsection 3.6.8 “Lighting
Composition”. According to my studies on the connection between music and color lights may stay
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in darkness forever. This combination clearly belongs to the category “The Great Unknown”. It is
part of art which cannot be explained and continues to be a source of fascination. For future
researchers it is good to study in this context, too.
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3.6.10.1 Prometheus: The Poem of Fire

Alexander Scriabin (1872 — 1915) was one of the most innovative and most controversial of the
early modern composers. Leo Tolstoi described Scriabin's music as "a sincere expression of
genius”. However, Scriabin's importance on the Soviet musical scene, and internationally,
declined drastically. According to his biographer, "No one was more famous during their lifetime,
and few were more quickly ignored after death”.

The system of Scriabin's "colored hearing" was as follows:

C-major- red
G-major - orange
D-maijor - yellow
A-major - green
B-major — blue,pale

E-major - sky blue
H-major - blue, pale
F-sharp major - blue

D- flat major - violet

A-flat major - purple violet
E-flat major - glitter

B-flat major - of steel
F-maijor - red

How did such correspondences between colors and tones form in Scriabin's mind?

It is well-known that many musicians attribute certain emotional states and certain meanings to

tones. Scriabin, for example, described C-major as "simple", "earthly" and F-sharp major as

more "complex"”, "spiritual". Besides, all of us attribute certain emotional features to colors. We
all describe red as an exciting color and blue as a quite, lofty one. These common features
serve as a base for comparison between colors and tones of such types as "C-maijor - red and
so on".

My personal opinion is that all colors and tones belong to a “mystic and inexplicable” category
of art and/or science.

Fred Collopy, whose research has been published in leading academic and practitioner
journals, studied light and music. He drew together the three centuries of the color scale. The
results are interesting, but in my opinion somewhat mystifying.

Three Centuries of Color Scales
C# D D# E F F#
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There are also philosophical similarities between music and lighting calculations. E.g. before a
symphony orchestra can play, every player must have written notes on manuscript paper. Even
though human beings cannot give clear and exact numerical figures for sensations, like noise and
visual perceptions, numerical treatment often gives good control and reliability for selected
solutions. This is important, especially when the lighting solution selected is complicated,
expensive and arduous. The next two examples focus on the importance of calculations in
achieving success.

3.6.11. Architectural lighting calculations / The Lumen Method

Lighting calculation is a tool in the architectural lighting design process. The so-called “Lumen
Method” is a simple, fast, and heuristic way to ascertain if the architect’s/lighting designer’s great
idea is functional and technically feasible without expensive and complicated operations
afterwards. In the architectural lighting design process the lumen method is practical for use with
“The Law of Pragmatic Truth”, because many elements in the formula used are in abeyance. In the
following examples (“Glass Ceiling” and “Airport Light Prisms”) | was unware of the exact details of
the materials like glass absorption and penetration factors, exact detailed surface colors, final
detailed measurements, etc. These figures for the preliminary lumen method calculations were
negotiated between an architect, a glass expert, and myself as a lighting designer. The lumen
method used together with “The Law of Pragmatic Truth” simplifies scientific thinking and
complicated mathematic parameters. All quantities can be marked as K xx= factors. Two different
kinds of examples are introduced: “Glass Ceiling” calculus and more complicated “Light Prism”
calculus.

3.6.11.1. Case: “Glass Ceiling”

Neubrandenburg cathedral was coverted into a concert hall by PSA Architects. A huge glass ceiling
was designed to be a luminaire for general lighting purposes.
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Figure 169. Light ceiling calculation. Photo: Erkki Rousku

The basic formula for the Lumen Method is: E = & / A.

In words: “The illuminance value of a certain area A is equal to the light flux & (often also called a
“lumen package” or “liters of light”) divided by that area A. The formula is very simple in the
hypothetical case where all light flux falls on a certain area. Unfortunately this is not always the
case. There are many factors that reduce the lumen flux (like lamp aging, luminaire, dust, glass
absorption, room surfaces, etc.).

The formula changes its form:

E=YKx®d/A

The final formula in the concert hall case is located in the lower part of Figure 169.
The calculation parameters are:

E = Selected horizontal illuminance value on average floor surface.

N = Total number of lamps needed (the amount that needs to be solved)
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Figure 170. Fluorescent lamps are located above the glass ceiling, symmetrically according to the
geometry of ceiling structure. Photo: Kyésti Meinila

®iamp = Light flux of one new lamp (lamp with 3350 Im selected)

Improved economical operation ) .

Use of he new LUMILUX* ’-
lamps inswad of BASIC luoces- Q OSRAM L 36 W/840

cent lamps tangbly nctnm LUMILUX

the k efficacy ob COOL WHITE c €
|. RECYCLABLE - Germany

with the same installed powse
BASIC fluorescent lamps, light colour 25, 4000 K - conventional control gear (CCG)

Wattage (W) 18 3% 58
Luminous Sux (Im) 1100 2600 4100
Luminous efficasy #mvW) 61 72 n

OSRAM LUMILUX®, light colour 840, 4000 K - conventional control gear (CCG)

Wattage (W) 18 3% 58

Luminous fux () 1350 3350 £200
Luminous efficasy #m/W) n 93 0
::n:::‘m sm.'i:c.mm’v +23% +30% +27%

Figure 171. Osram L 36W/840, a Lumilux lamp was selected as a light source. The size and
availability were great. Photo: Osram
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K ight fiux = 0,9.
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LUMILUX® Operating hours [h] (Service life with warm-start electronic control gear)

I Basic

Figure 172. Kiightfiux = 0.9 (lamp light flux decreases 10% during its lifetime) Photo: Osram

Kiuminaire = 0.94
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Figure 173. Light Output Ratio (LOR) in the selected luminaire is 94%. Only 6% disappears
because part of the light flux reflects from luminaire body and body absorbs light. Photo: Fagerhult
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Kceiling structure = 0,7.

Figure 174. The maintanance bridge blocks some 20% of the light, and 75% of the light flux falls
on the glass ceiling surface and some 25% runs up and reflects back on the glass surfaces. The
common influence for the factor is 30%. Photo: Kydsti Meinila

Kglass penetration = 0,65.

Figure 175. 2 x 6mm ferro oxide free glass with white laminate between glasses absorbs 35% of
light, while 65% of light that falls on the ceiling glass on the attic part penetrates the glass ceiling
into the concert room.Photo: Kydsti meinila
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Kroom = 0,47.

(Huonepinta He1jastunussuhde

[katto (vyohyke) 10,710,707 [05/05(05]/03|03| 0
seindit 0,5/03/01]05]|03(01(03|01] 0
tyotaso / latha 0.2/02/02]102102[02102]02] 0

Huonemdeks: Valaistushyotysuhde (%)
3 37 33 31 37 33 31 33 30 28

42 39 36 42 38 36 38 36 34
47 43 40 46 42 40 42 40 38
51 48 45 50 47 44 46 44 4
54 51 48 52 49 47 48 47 44 ~

58 55 52 56 53 52 50 47 ' By 1N
60 57 55 58 56 a 54 53 0| \ :

62 59 57 59 57 56 56 54 51
64 62 60 61 60 S8 S8 S6 54

65 63 62 63 61 60 59 58 56

Figure 176. Room index k = width x length / h (width + length). = 1.5. Approximated reflections of
the concert hall room surfaces yield a lighting utilization factor of 47%. This means that 53% of the
total light flowing into the concert space is absorbed by the surface structures. Photo: PSA
Architects

Kdirtyness =0.75

Huoneen Valaisimden, lamppujen|  Lamppujen Kokonais- Tilojen Kiyttoalueet
likaantumas- Ja huonepintojen valoviran alenema-
luokka likaantunusen alenemakerromn kerromn
alenenuakerroin
toimistot, elekrronnkan kokoonpano,
Puhdas 085 08 0,7 pubdastilat, tietokonehuoneet
laboratoniot, varastot, kokoonpano-
Kesknkertainen 075 08 0.6 teollisuus, haenomekaannen teollisuus
A terids-, kemian-, kaivos- ja kinteollisuus,
Likanen 0.8 0.5 hatsaus, punzakiisittely ja poatyostd

Figure 177. Dirt on luminaires, lamps, glass- and other room surfaces decreases the light
production by 25 %. Photo: Kydsti Meinila

The main question in this calculation is: How many lamps are needed to produce En = 200Ix
(selected as a maximum E-value) on the floor surface? All factors are ascertained except the total
number of lamps needed.
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K

We have to solve N

2001x x 300m?2

’wf ------------------------------------------------ 132lamps
“3350Im x ( 5 7x0,47 x 0,75

x0.9%x094x065x0,7x047x0,7:

Figure 178. “Heuristically” applied lumen method calculation. Photo: Erkki Rousku

132 lamps are needed to produce the needed maximum Eh value. The lighting solution is
dimmable and can be preset according to performance and general use of the building. (solo
singers, orchestra, opera, cleaning etc.).

The next question is: How bright is the glass ceiling?

Figure 179. “Brightness determination” using luminance calculation. Photo: PSA Architects.

The glass ceiling is large, but a simple calculation is still advisable to ensure the luminance
relations of the room. Multiplying maximum illuminance value (in this case 200Ix) by the
penetration factor T, (marked “Tau” in the heuristic formula in the photo) and dividing that by 1
(marked numerically 3.14 in the formula), yield the luminance value of the ceiling. In this case it is
very low (41 cd/m?2). For purposes of comparison: The moon is approx. 2000 - 3000 cd/m?2, an
urban illuminated black asphalt road surface is approx. 1- 2 cd/m?2, a Brando luminaire is approx.
330 cd/m?. A beautiful and harmonius surface.
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3.6.11.2. Case: Airport Light Prisms

The Helsinki-Vantaa Airport light prisms are the result of the same lighting calculus procedure as
the cathedral at Neubrandenburg. Light prisms may appear very complicated to calculate, but can
be solved using the lumen method applied and “the Law of Pragmatic Truth” together. Because this
subsection 3.6.11 is devoted the use of the Lumen method, only electric lighting calculus is
introduced.

Figure 180. Helsinki-Vantaa International Airport. Architecttural design: PSA architects. Photo:
https://www.google.fi/search?g=helsinki+vantaa+lentoasema&tbm=isch

—— gyl P
HELSINKI-VANTAA INTERNATIONAL AIRPORT
NEW INTERNATIONAL TERMINAL T2, 1893-1988

Figure 181. The new EU Hall. The theme of the airport part is a triangle. Photo: https://
www.google.fi/search?g=helsinki+vantaa+lentoasema&tbm=isch

The construction sections and elements are all triangles (The green triangle is the new EU Hall,
light prisms seen as black dots on the roof of a trienale shaped green EU hall, floor stones, etc.).
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3.6.11.2.1.Light Prisms

Figure 182. Independent glowing snow lanterns, ice boulders, ice cubes on the roof of the airport.
Same snow lanterns, ice boulders, ice cubes inside the terminal of the airport “. Photo: PSA
Architects

On photo pair light “flows” from 400W metal halide lamp luminaires through glass packages onto
the adjustable aluminum wings, which are located inside the light prism. From the aluminum wings
light is reflected into the EU Hall partly directly and partly by reflecting from the inner part of the
light prisms, which creates a glowing ice boulder phenomenon both outside and inside.

The first step is to start to treat these light prisms as huge luminaires.

Ceiling

lce Cubeasa
luminaire:

',;;'gﬂp‘sor cachcube s
Hg:g*g’sboec 1 glass
Adjustable light wings

s

Figure 183. Ice boulders penetrate the roof and the ceiling structures bringing daylight and electric
light from outside into the EU Hall interior. Photo/drawing: Vesa Honkonen
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Figure 184. Structure of light wings: Adjustable, aluminum light wings in a scale model of the cube
1:10. Adjustable: Rotation +/- 30 degrees, tilt +/- 60 degrees. Photo: PSA Architects

Ny —
——

Figure 185. Aluminum wings in a real-life light prism. Photo: Julle Oksanen
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3.6.11.2.2.Computer calculation

The lighting calculation is again based on a train of thought about how much light will be obtained
from new light flux values from lamps down to the EU hall floor. In other words: We calculate how
much light disappears when in transit via new lamps — air — light prism glass packages — aluminum
wings — light prism glass walls — EU hall.

The target is En = 200Ix, which is the international recommended illuminance value for airport halls
and stations generally. The Law of Pragmatic Truth would allow us to use much lower illuminance
levels, possibly only En = 10-15Ix (easy face recognition from a distance of 15m). However, in the
case of the airport this airport, the EU hall materials (steel, stone, glass and light) support stronger
illuminance values (in contrast to the case of Grand Central Station introduced in chapter 3.6.4.).

Using simple computer calculation programs, like “DialLux”, we calculate the light flux from the
lamps to the aluminum wings. All the wings have their “own” luminaires aimed sharply so that
maximum light flux reaches the wing. The luminaire had a narrow to wide light distribution.

| - l poan
,./( '!»Ilu. 0 ““5*1 ({J'//" | M0

Figure 186. Computer calculus for the largest wing. Photo: Julle Oksanen.

The wing is marked in yellow on the calculation result. The calculation result is the illuminance
value E, which is coverted to lumen flux with a simple basic formula: Lumen flux on wing surface =
llluminance value (Ix) on wing surface multiplied by wing area Awing .
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Figure 188. Calculation for a small wing. Photo: Julle Oksanen
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Figure 189. Influence of the other 4 luminaires. Photo: Julle Oksanen.

Not all the lumen flux could be exactly directed to the wing under calculation. Quite a lot of light flux
also ran to other wings. Computer calculation was done for this light flux too, because it affects the
final result.

The computer calculations were done with computer programs (like DiaLux) which always includes
a lamp depreciation factor and the luminaire output ratio, LOR, of the luminaire used. This
eliminates the need to find factors for these light losses (as can be seen from the final formula).

3.6.11.2.3.Light losses of light prisms

The next step is to define all the other light loss elements. Now “the Law of Pragmatic Truth” is
needed, because there are no scientifically accurate numerical values available in the remaining
elements. Air pollution must be approximated according to the area (In China the pollution factor
would be greater than in Finland). There are many layers of glass in these huge prisms and the
total absorption can be ascertained from the glass designer or by checking the glass
manufacturer’s catalogs. Some light passes the wings and that must be approximated by
consulting earlier computer calculus results. Wings also “eat” some light, so the lumen flux must be
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multiplied by the reflection factor of the wing material, when light flux flows away from the wings.
That value is called the reflection value and is noted in manufacturers’ catalogues. The factor for
dirt must also be determined (outer glass material, inner glass material and wings).

1st: Understand Applied Lumen
Method.

If we could have all new lamp lumens on
the EU hall floor surface, calculation
would be easy: Eh = Qtotal / Ahall.

Now we have to check where we loose
lumens between its flow from lamps

to EUhall.

1) Lamp lumen depresiation=kl

2) Luminaire light loss=k2

3) Airpollution =k3

4) Glass materials absorbation = k4

5) Light which passes the wing =k5
6) Wing reflector = k6

7) From wing to prism glass sides =k7
8) Dirtyness of all elements = k8

ps. Every lightprism have its own areato hadle, sowe study 1
lightprism andit's lightproducing.

Figure 190. Heuristic clarification of light losses. Photo: Julle Oksanen & Vesa Honkonen/PSA
Architects

3.6.11.2.4. Final formula and results

The final formula is a basic formula for the lumen method: E = ® / A with the addition of the factors
and number of cubes (ncubes) Needed, because the total EU Hall area (Agateway) was used in the
calculation. Another possibility in the calculation would have been to use only one light prism and
Agateway divided by the numbers of the light prism.

When the project was complete, the measured Eh average value was 240Ix when the lighting
design result was Eh average 245Ix. That was actually good luck, because there were estimates
for factors and lamps which when new have +/- 10% light flux fluctuation.
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Final formula:

6 6 6
< AN S
puXklxk2xk3xk4x kSxkél . E xA_+ L E_xA_+ / E, . xA_
Egaeway = Y : L L Fi
A gatwayhall
where:
E catavay=  Average illumination value on the floor of the gateway hall.
1 cppas = Quantity of aubes.
kl= Lamp factor (is in the compuer and on the calculated values).
2= Lumnaire Output Ratio, LOR (is inthe computer and on the
alculated values).
k3= Air pollution factor.
k4= Factor of glass absorbtions (3 different kinds of glass material).
k5= Reflection factor of the wing material ( 0.82).
k6= Absobtion factor of reflections of light between the wing
surfaces and the floor of gateway.
Eow= Average illumination value on the “own wing” surface with
wings own luminaire.
A ow= Size of “own wing™.
Enw= Average illumination value on the “own wing” surface with
neighbourgh wing luminaire.
E 4ow= Average illumination value on the “own wing” surface with
al other 4 wmngs lumimires.
A Lotavaynat =Ared of the gateway hall (calcuation).
Caculated value E h,,,.. . =2451x.
Measured value Eh, ... =240 1x.

The calculations may initially look complicated, but with common sense and heuristics any
designer can use them to calculate lumen method with reasonable accuracy.
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Figure 191. First and original heuristic lighting calculation. Photo and calculation: Julle Oksanen

Conclusion: Shadow design instead of lighting design.
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3.7. City lighting master plan strategies
3.7.1. General

Over 95 % of people working in outdoor lighting design projects are self- taught lighting designers.
This causes problems at the beginning of the responsible lighting design collaboration in city
lighting design. Participants who are partly responsible for city lighting projects are working either
in public administration agencies like: town planning offices, electricity utilities, city construction
departments, city park maintenance departments etc., or in private companies like electricity
design companies, architect offices, landscape architect offices, or various other kinds of
consulting companies. Professional lighting design for cities ought to be conducted through
“Lighting Master Strategy” lighting design, which requires close collaboration between these
actors. There are many reasons why this collaboration does not work properly. Lack of lighting
knowhow, visionary differences between engineers and architects, funding problems, etc. These
prevent the achievement of successful results. We cannot expect beautiful city lighting solutions
before we have well organized and comprehensive, university based lighting design education.
According to the architect and lighting designer Gad Giladi’s thesis submitted at the Parsons
School of Design, New York in the 1980’s, lighting education in schools of architecture all over the
world provided only one lecture on electricity marks and humble daylight design, or sometimes
nothing at all. In the USA most universities have ECS | & Il courses, where lighting design is
included with acoustic and electricity design. City lighting master strategy design is the right kind of
evolution for advanced architectural lighting design evolution.

3.7.2. Lighting Master Strategy for City of North Vancouver

“This project is a prime example of professional co-operation and the right kind of city lighting
design. The report is a comprehensive piece of work completed by smoothly collaborating high-
quality professionals. Phase 2 “Concepts and Strategies” the report summary of the content of the
report stipulates the need for professionalism, collaboration, and the workload:

Report Summary: - “In developing a Lighting Strategy, it is essential to understand night vision -
how the eye perceives the effect of light. Adaptation to change and the results of glare affect our
ability to see. The night lighting composition must be arranged for maximum impact of relative
brightness and color”.

One of the primary goals of exterior lighting is to provide illumination to enable distant vision, thus
ensuring the ability to anticipate danger. The perception of safety, clarity of circulation, and a sense
of place are objectives of improved lighting. Conservation of energy, economics, and maintenance
must also be considered. Light that pollutes by escaping into the sky and that trespasses onto
adjacent property has become a growing concern.

Existing light in the city of North Vancouver night is mostly from sodium lamp streetlights, designed
primarily for vehicular traffic. The effect of light on and in the surrounding environment is not
generally considered. From the commercial center at Lonsdale to the waterfront to the wooded
hillsides, the city’s character should be expressed with variety in the night lighting. Lighting
reinforces the movement from major to local streets. Bicycle, bus, and pedestrian routes must also
be considered. Light on buildings, monuments and landscape elements adds vertical illumination,
gives focus and enhances the city’s character at night. To help develop an understanding of typical
lighting conditions, four sections of the city are examined in detail.
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Not only the street but the sidewalks, store fronts, building entrances and soft landscape comprise
the streetscape. The concept for the city of North Vancouver is to develop lighting plans for three
typical sections: 1) the Lonsdale main corridor, 2) the primary circulation corridors and 3) the local
streetscapes. The strategy is to improve the existing lighting infrastructure and replenish it where it
is missing. This is in combination with improvements on private properties. Beyond the street edge,
commercial and industrial areas, schools, parks and private developments should follow the

guidelines set out in the municipal recommendations. Glare and light trespass must be controlled.
With a well-informed private sector, the city will become safer and more inviting.

Recommendations: The city should develop and implement a standard for luminaires on the three
basic streetscapes, as defined in this report. On all streets, the existing lights should be replaced
with full color metal halide lamps and good glare control luminaires. On Lonsdale, pedestrian scale
lights should be added. On the primary and local streetscapes, new lighting infrastructure should
be added where required, to fill the existing gaps. Parks should be improved with low glare, post
top lighting. Developers, commercial and industrial owners should be required to follow city
guidelines for improved building fagade lighting and reduced glare and light trespass. Residents
and home owners should be encouraged to use porch and property lighting to add safety and
comfort to their neighborhoods”. (Gabriel/design et al. 2001a)

In this dissertation | will only briefly introduce some material of two reports (those on Phase 1 and

Phase 2). This material clarifies the importance of a comprehensive lighting master strategy for
cities and towns.
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Phase 1: Inventory and analysis

LIGHTING MASTER STRATEGY

FOR THE CITY OF NORTH VANCOUVER

PHASE 1 - INVENTORY AND ANALYSIS

Gabriel/desien & ISLD

July JINX

Figure 192. Lighting Master Strategy for the city of Vancouver. Lighting designers Gabriel /Design
& Tania Sagoo Lighting Design. Photo: Gabriel/design & Tania Sagoo Lighting Design, Phase 1 —
Inventory and Analysis




4. INVENTORY
4.1 Existing Lighting Conditions

The majority to the City of North Vancouver is lit with standard “cobra head” street lights,
with high-pressure sodium lamps. In the higher density areas they are located close enough
to give relatively even light on the roadway. Although this lighting solution is considered
standard and it generally provides the recommended illumination to the street, lighting
scientists have shown us that the glare and colour of this light is far from satisfactory. In
quieter neighborhoods, there is usually one light at the intersection with darkness in
between.

Presently, little attention is given to consideration of the interface between public
streetlights and the surrounding environment. Lighting for urban spaces needs to include
the lighting of surrounding buildings, parking and green space. Coordinated light on
vertical surfaces can make a major contribution to the sense of night safety. In the City of
North Vancouver today, this important linking element is missing.

Grand Boulevard Day Night

Figure 193. Lighting evaluation. Photo from the Phase 1 report.
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PLAN OF TOWN CENTRE /EXISTING LIGHTING

Figure 194. Existing lighting. Photo from Phase 1 report

..all existing light fixtures were located on a plan.
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City of North Vancouver

CHARACTER ZONES

Figure 195. Character zones. Photo from the Phase 1 report

An understanding of the different characteristic areas was developed. From the gold colored busy
downtown to the darker red quiet neighborhoods, to the green parkland.

City of North Vancouver

CIRCULATION

Figure 196. Circulation photo from the Phase 1 report

Another plan was developed to illustrate circulation paths. Bus routes, bike paths, and pedestrian
paths are indicated. Entrances into the city are circled.
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City of North Yancouver

PLACES OF
NIGHT INTEREST

Vjper Bubidings

Schood Bulidings

- Heritage Boildings

Gabriel'design & ISLD

04 07 20

Figure 197. Night interests. Photo from the Phase 1 report

This plan shows places that will benefit from night lighting by giving landmark recognition. Lit
buildings at night help orientation and add a feeling of safe passage.

3.7.2.2. Phase 2: Concept and strategies

“Introduction

This report is the second stage toward developing a Lighting Master Strategy for the City of North
Vancouver. In the initial phase, Inventory and Analysis, situations were identified that are typical of
the current exterior lighting conditions in the city. The general principles proposed are now applied
to more site-specific concerns.

The goal of the Master Strategy is to create a long-term approach to provide a safe, effective, and
sustainable night environment for the entire community. The result should lead to a public lighting
system and private property policy that will define a positive urban image.

This study is intended to complement the ongoing process of developmental planning currently
underway in the city of North Vancouver. All aspects of the Lighting Master Strategy are designed
to work in conjunction with the planning, landscaping, and improvement goals of the City”. (Gabriel/
design et al. 2001b)

171



Master Lighting Plan

Lonsdale Avemxe

Pramary & high density streets
Local streets

Becycle paths

Bus routes

Paths

Commercial 2ones

School rones

Industnal 2ones

Hentage buildings

Parks with night light

Emtry Nodes

Figure 198. Part of the master plan. Photo from the Phase 2 report

The Master Plan shows the location of the three streetscape types, the routes, and paths. The plan
has evolved from previous city studies and the work of this report. It should be considered as a
guideline and may be revised as needs and understandings change.
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City of North Vancouver
Lighting Strategy Plan

Figure 199. Lighting Strategy Plan. Photo from the Phase 2 report

The Master Plan is coded to show the primary streets in orange and Lonsdale in red. All other
streets remain dark. Bicycle, bus, and pedestrian routes are also indicated. Different activity areas,
such as commercial, industrial, and schools are color coded. A more detailed understanding will be
developed in the studies of the four typical areas.
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Streetlighting Proposal

. Existing Lights

B New Building Lighting

MASTER PLAN - TOWMN CENTRE
Figure 200. Street lighting proposal. Photo from the Phase 2 report

The main recommended changes in the town center area are: the additional pedestrian lights on
the Lonsdale Avenue poles, new post lights in Victoria Park and along the waterfront, building and
grounds lighting at the schools and additional street lights where they are missing. At Lonsdale
Quay there is some successful lighting but the authorities should commission a lighting consultant

to develop a comprehensive lighting design for the area.

Summary of lighting master strategies for cities:
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A good lighting master strategy for cities has many important advantages. It binds city authorities
together, like people in the town planning office, the city construction department, the city
architects, electricity designers and contractors in the electricity utility, etc. Cities can save money
by avoiding overlapping works on same area (e.g. electricity wires into the same excavation with
water pipes etc.) when everyone knows in which part of the city the new lighting solution will be
build. Cities can also save money by developing a long- term lighting product purchasing plans.
Co-operation between design people like architects, electrical engineers, lighting designers etc.
can be planned better. All this would create an opportunity to start to work seriously with different
kinds of lighting metaphors and heuristics in such a large-scale area and on such a large -scale.
(e.g. “whispering lights” for facades, shadow design and compositions for water and natural areas,
different white color temperatures for different kinds of streets, general glare avoidance strategy,
possibly color lighting for certain buildings etc.).

The kinetic lights of every city, the automotive lighting sector, has also developed quite rapidly,
providing opportunities for bold architectural lighting designers and design teams to change overall
lighting strategies in city centers.

3.7.3. Development in the automotive lighting sector in 2000-2015

It is important also to study the automotive lighting sector on a wide scale (car lights and road
marking) as part of the aesthetical city night- time lighting. Quantitatively (on average) car lamps
produce most of the general lighting in cities during darkness. Until now car lights have been
aimed only directly forward and down on the road surface reflecting light in an uncontrolled
manner. Extra pressure for evaluating automotive lighting as part of city lighting structure has
resulted in new, automatized and dynamic car lamp systems. So far technical road lighting
recommendations have not addressed vehicular traffic lighting systems at all. Modern dynamic
vehicle lighting will change this situation in the future. It is only a question of time. The greatest
deceleration problem is luminaire manufacturers, who currently give directions for lighting design.
Most of them have high-quality lighting labs and highly educated technical lighting specialists.
These engineers form CIE and llluminating Engineering Societies. Technical lighting design is
again gaining strength. It is also important to carefully study the influence of car lamps in city night-
time lighting for reasons both technical and aesthetic reasons.

3.7.3.1. General

Modern car lamp technology combined with dynamic vehicle traffic lighting systems development
together will radically change road and street lighting in the next few years. At the moment road
and street lighting luminaires and poles are the biggest visual elements after buildings in cities and
towns. In the near future they will no longer be needed. The entire road and street lighting design
will no longer be required. What a paradox: The biggest, and often the only technical lighting
design task will disappear. If we do not “activate” architectural lighting design programs at
universities, outdoor lighting design may wither away completely if we continue with technical
lighting design as accepted practice.

3.7.3.2. Hella Technology with Vision, Audi A6 navigating system and glow in dark road
markings in the Netherlands

Hella technology with vision:

175



Hella was one of the first light-based assistance systems developing companies with dynamic
bend lighting function, which was introduced in 2003. In this system, the light modules rotate
according to the steering angle, nearly doubling the range of visibility on a curve. This is a very
valuable function when car speed is e.g. 80 km/h and a car goes forward 22 meters every second.
With this system the driver can earn a lot of proactive time.

One advanced development based on dynamic bend lighting is the Adaptive Frontlight System
(AFS). This system uses both the steering angle and the vehicle speed as parameters for
illuminating the road. Based on this internal information, a cylinder in the carefully designed Vario X
module is used to create various types of light distribution, including town light, country light,
adverse weather and motorway light.

The development of the adaptive cut-off line (aCOL) goes one step further. This feature also
utilizes data gathered from the vehicle’s surroundings to generate the light distribution. A camera
detects oncoming traffic and cars ahead, and a stepper motor turns the cylinder of the VarioX
module to the required position within milliseconds. This means that the light cone always ends
directly in front of oncoming traffic, or just behind the car immediately ahead.

The glare-free high beam function means that drivers can drive with the high beam on at all times.
If the camera detects other traffic on the road, the distribution of light from the high beams is
adjusted to mask the specific area.

Now used to illuminate broader areas than ever before, LEDs will also perform the opposite
function in the future. Targeted spotlighting functions will allow specific illumination of certain types
of objects, such as children playing at the edge of the road. This draws the driver’s attention to
these potential risks ahead of time, enabling faster responses.

| * Town light

In town at speeds of up to 50 km/h

Adaptive Frontlighting System Town light @

Figure 201. Adaptive Frontline System Town Light. Photo: Hella
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Cornering light | : | No cornering light

~

e
_—
—_—

Adaptive Frontlighting System Town light Q

Figure 202. Adaptive Frontline System Concerning Light. Photo: Hella

* Country light

Qut of town at speeds between 50 and 120 km/h

Adaptive Frontlighting System Country light @

Figure 203. Adaptive Frontline System Country Light. Photo: Hella
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* Dynamic bend lighting

Adaptive Frontlighting System Dynamic bend light

Figure 204. Adaptive Frontline System Dynamic Bend Light. Photo: Hella

* Motorway light

Adaptive Frontlighting System Motorway light Q

Figure 205. Adaptive Frontline System Motorway Light. Photo: Hella
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I = Adverse weather light

Adaptive Frontlighting System Adverse weather light @

Figure 206. Adaptive Frontline System Adverse Weather Light. Photo: Hella

Audi A6 navigating system

When | worked at the Lighting Research Center in Troy, New York, the research personnel were
working on a project where car lights were adapted to road conditions. That was in 2012.

“Now the Audi A6 navigation-based light assistance system uses predictive route data to
categorize road types — city, motorway, country and junctions — so headlight beam distribution can
be adapted for different driving situations.

The city light has a broad horizontal beam, making identifying lateral hazards in town easier. The
motorway light offers a wider range of vision.

The country light setting has an asymmetric beam while the junction light switches on dipped beam
headlights.

The system can also switch between right and left-hand traffic, triggered by the GPS country code.
Mapping data for the system is provided by Navteq, Becker is responsible for the human-
machine interface, function programming is done by Hella, while Audi defined the functions for the
adaptive light”.
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Figure 207. Head light beam distribution adapted for different driving situations. Photo: Automotive
engineer.
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News = Technology

Glow-in-the-dark road markings replace street
lights for highway in Netherlands

GLOWING LINES ‘\‘."'_ charging

C

A practical example:

Figure 208. M9 motorway in Carlow, Ireland with cat's eyes on the road surface and retroreflectors
on barriers. Photo: Wikipedia 11.
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3.7.4. Lighting Master Strategy for a hypothetical future dream Large Surface Lighting City
called “City 2030".

3.7.5. Futuristic “City 2030”

o

R o (;,m:.':.‘l = i

Figure 209. Hypothetical future dream large surface lighting in city 2030: Philosophy and lighting
design by Julle Oksanen photo.Oliver Walter and Dan Silberman

Futuristic lighting dream city, “City 20307, is professionally designed by architects and engineers
well trained in lighting. In 2030 all schools of engineering and architecture have architectural
lighting design education as a natural and compulsory component on their programs. In 2030 the
focus will for a decade have been on quality lighting design instead of “old fashioned” quantity
lighting design. Solar energy luminaire elements will be in widespread use and supply free solar
energy for road lighting nets with individual inverters during daytime. Large, fully dimmable LED
panels, covered with abrasive blasted double glass with light scattering film between will give soft
and efficient light in space. Road lighting will have become history and dynamic vehicular traffic
lighting systems and “Glow-in-the-dark”-road markings will be in common use in all over the world.
Architects will use different kinds of lighting design processes and metaphors daily in their work,
leaving the technical details to engineers.

Ambient lighting in the city 2030 structure

Glary road lighting solutions as well as ugly luminaires and poles have changed to modestly
glowing large surface emitting planes located in city structures, for example integrated into
buildings. Glowing panels are a natural part of city structure and beautification. Light is produced
from emitting distribution surfaces equipped with a less than 300 cd/m? “Brightness package”.
Brightness is 1/100 compared to “old fashioned” road lighting luminaires. Even the surface of the
moon looks brighter than City 2030 road lighting solutions (Measured moon luminance 2000-2500
cd/m? / Oksanen-Gabriel measurements in Canada and Finland in the 1990’s). All large surface
light emitting elements have LEDs as light sources, the upper part of the structure is fully covered
with solar panels. They produce free energy for power plants through electricity inverters (marked
luminaires 1-11 in lighting calculations annually produce 428000 kWh free solar if the project is in
Southern Finland where solar energy availability is 1000 kWh/a). When night falls and road lighting
systems ignite normally, the inverters are switched off automatically from the power plants’ remote
control rooms. In City 2030 the lighting system produces more energy than consumes. All lighting
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elements are equipped with “Thinking LED drivers”. When there is no movement in a space, the
lighting level can be adjusted automatically to the pre-set luminance value, for example 10%.
When moving detectors recognize the movement in the space, the light will automatically increase
to the pre-set lighting value (for example, 80% of the maximum). Gradation of shadow design can
easily be done using pre-set LED luminaires after installation has been accomplished. Shadow
zoning can be done e.g. according to city blocks.

Focal Glow and Play of Brilliants in City 2030 structure

Lighting design teams will have been educated not only to create beautiful shadow gradation
zonings in “Ambient Light”- cases, but also to balance the space with the right kinds of “Focal
Glow” and “Play of Brilliants” elements. Shop windows and illuminated advertisements will be
professionally done. These harmonized elements create a city center of City 2030 like people’s
living rooms with beautification accomplished professionally.

Figure 210. Modern architecture supports large surface lighting solutions. Photo right: Hypothetical
Dream City 2030. Photo: Julle Oksanen. Photo left: Leppavaara business area, Espoo, Finland.
Photo: Julle Oksanen.

Leppavaara business area, Espoo, Finland includes elements like those of the hypothetical dream
City 2030. City structure and building design by the architect Pekka Helin.

3.7.6. Structure of “City 2030”
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Figure 211. City 2030 Plan drawing: Design Julle Oksanen. Photo:Oliver Walter

3.7.7. Lighting calculations

3.7.7.1. Calculation area

D’- viewpoint of perspective

1:2000
(] CANOPIES
with indirect illumination |
I S —
- - = BRANDO 010 25 50 200m

Figure 212. Selected lighting calculation area. Photo: Oliver Walter
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3.7.7.2. Luminaires used in the calculation

system FLAT LED
| ovttaror]

[ e e

Figure 213. Simulation luminaire for large surface lighting elements. Photo: ES-System.

The large surface luminaire selected is an ES-System “system FLAT LED” luminaire. In the
calculation the emitting area has been enlarged in order to obtain reliable calculation results. The
lumen output value in each light element (luminaire) cases 1-11 have been calculated according to
the size of the light emitting surface and the luminance value of each light element (1000cd/m?).
The light distribution of the simulation luminaire is equal to the light distributions of the light
elements. (Totally disruptive).

Guzzini llluminazione S p A AX41.00 Brando: Optical assembly with diffusor screen
together with sunk pole / Valalsintietoarkkl

Volaishy she 1
LOy0X. vaars Ten huvan valamsiveleicsa L - . -
.
ey,
- /)
w /f
~ // -
- b Y% .
zew ) LN
Natasrten huokitey CIE- 83 Pustuves yyrrmetradanasuuksien taua of e
Elebroniidalomponentien valovvtakoed 65 B2 vaasimele voda Nyl UGR-tulbbos

Figure 214. Light distribution for Brando luminaire. Photo: Iguzzini Brando leaflet.
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3.7.7.3. Luminaires and basic calculation values

The large surface luminaires selected for the calculation are marked in Figure 215 (Luminaires
1-11 + Brando luminaires in other calculations). The basic luminance value selected for all
luminaires in all four calculations is 1000 cd/m?2. The final “brightness” values of the light emitting
surfaces can be determined by multiplying the results of the calculation by the selected luminance
value divided by 1000 cd/mZ2. For example: 1000 cd/m? light surface luminance gives 60 Ix semi-
cylindrical illuminance (Esc). We want average Esc = 6Ix on the whole area. This means that we
need 100 cd/m? as the final luminance for the emitting surfaces (how bright the surfaces look).

Figure 215. Luminaire numbering in calculations: Design Julle Oksanen. Photo: Oliver Walter and
Dan Silberman.

=10 © Wﬁ.Brando

—8 " R =

Light element (LE) number LE area A/m2 LE hight /m LE luminance L/cd/m2 LE lumen output/lumens

1 10 12 1000 30000
2 40 15 1000 120000
3 10 12 1000 30000
4 40 12 1000 120000
5 60 15 1000 180000
6 10 12 1000 30000
7 60 10 1000 180000
8 20 15 1000 60000
9 18 12 1000 30000
10 80 12 1000 240000
11 80 10 1000 240000
Brando 11 5 Values from luminaire data sheet

Figure 216. Large surface lighting elements and basic calculation values. Only the luminaires
mentioned (1-11 + Brando) are included in the calculation. Large surface emitting planes on the
lower level and the light from windows are excluded from the calculations.
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3.7.7.4. Calculations with basic values without Brando luminaires

Figure 217. City 2030 without Brando luminaires: Design: Julle Oksanen. Photo: Oliver Walter and
Daniel Silberman
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Figure 218. Horizontal illumination values on road and pedestrian surface level. The calculation is
done using DiaLux street lighting design calculation program. Lighting calculation by the engineer
Pauliina Oksanen.
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Figure 219. Semi cylindrical illuminanance values (Esc) on average face height 1.5m. The
calculation is done using Dialux street lighting design calculation program. Lighting calculation by
the engineer Pauliina Oksanen.

3.7.7.5. Calculations of basic values with Brando luminaires

Using Brando luminaires is an option and has little influence on the calculation values because
large surface structural lighting emitters are large and they have a lot of lumens (how many liters of
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light emitters produce). The Brando luminaires in this specific example represent rhythm and
human scale.

Figure 220. City 2030 with Brando luminaires: Design Julle Oksanen. Photo.Oliver Walter and Dan
Silberman.
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Figure 221. Horizontal illumination values on road and pedestrian surface level. The calculation is
done using Dialux Street lighting design calculation program. Lighting calculation by the engineer
Pauliina Oksanen.
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Figure 222. Semicylindrical illuminance values at an average face height of 1.5m. The calculation
is done using Dialux street lighting design calculation program. Lighting calculation by the engineer
Pauliina Oksanen

3.7.7.5.1. Glare calculation and final illumination values for relaxed and enjoyable movement in
space. People’s new “Living room”.

As stated, shadow is the best friend of light and glare is the worst enemy of light. The main and
extremely valuable reason for large surface emitting lighting solutions is the combination of total
freedom from glare and total freedom of adjustability in shadow gradation. Modern LED technology
and intelligent “thinking” electronic control units allow this privilege in practical lighting design
solutions. The final lighting value arguments used for City 2030 are introduced in subsection 3.6.9.
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“Meeting in dark/recognition distance and light/minimum darkness in outdoor lighting composition/
contrast”. The minimum Esc value is 0.8 Ix. This means that 10% of the calculation results in both
solutions, with or without Brando luminaires, is more than enough (Esc without Brando luminaires
is 6.0 Ix and with Brando luminaires 6.1 Ix.). This also allows designers to adjust shadow
gradations so that an intersection for example has more light than straight stretches of road (even
double the amount of Esc means only 20% of the calculated values), and 10% of the Esc- value of

the calculations also means that large light emitting surfaces only glow and LEDs last over 100
years without maintenance.

Disturbing glare values are diagnosed by using the formula LA 025

Figure 223. Principle drawing for LA 0,25- value. (Philips ILR 1980 /3)

LA 0.25
where,

L = measured luminance between angles of 85-90 from vertical (light emitting area of the luminaire
light distribution surface),

A = bright luminaire light distribution section.

The maximum values depend on the height of the luminaire:

LA 025 = 1250, h <4.5m
LA 025 = 1500, 4.5m <h < 6m
LA 025 = 2000, h > 6m.

Light elements higher than 6m means that LA %25 values must be less than 2000.

Calculations:
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Figure 224. Luminaire numbering for LA%25 calculations: Design Julle Oksanen. Photo Oliver
Walter.

Luminaire  AraA(m?) Hight(m)  Luminance (cd/m?) LA0.25
1 10 12 100 97
2 40 15 100 137
3 10 12 100 97
4 40 12 100 137
5 60 15 100 151
6 10 12 100 97
7 60 10 100 151
8 20 15 100 115
9 10 12 100 97
10 80 10 100 162
1 80 10 100 162

Sample calculus: Luminaire number 10:

Area seen from an angle of 5 degrees from the vertical:

A projection =Ax sin 5

A projection = 80m? x 0.087 = 6.96 m?

Luminance of emitting surface = 100 cd/m?

LA 025=100 x 6.96 925 = 162.4 <<< 2000 (which is already a great value)
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Figure 225. Esc value for face recognition argument when approaching in the dark. (Philips ILR

1980 /3)

In our City 2030 lighting solution the Esc value is 6Ix. That means that the distance needed for face
recognition is over 15 meters. Relaxed moving guaranteed in “not close zone, > 10m) .
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Figure 226. Personal zoning according to research. (Philips ILR 1980 /3). The City 2030 case
recognition distance is over 15m >>> mandatory recognition distance 3m.

This “CITY 2030” lighting solution is a new metaphor for light, absolutely fascinating and possibly
part of the modern city beautification in future.
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3.7.7.5.2. Energy saving calculations using “The Rule of Thumb” (In this case study we have 13
steps)
1st Step:

Hypothesize that this “City 2030” is located in Eugene, Oregon, USA. First a figure for Annual Solar
Energy in kWh/m? /Day is needed. According to Figure 207, this is 6kWh/m2/Day/Year

Photovoltaic Solar Resource:
Flat Plate Tilted South at Latitude Annual
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Figure 227. PV Solar Radiation (10 km) Static Maps (1998 to 2005 data). Photo: U.S.Department
of Energy 2008.
2nd Step:

Calculate the total area of solar panels on the calculation area (includes the first 11 large surface
luminaire areas). A= 420 m?

O

T B O 7 2T

IL) VIZADOINE Of perspective

1:2000
] CANOFPIES
with indrect llumnation
g W | J
- BRANDO 010 25 % 200m

Figure 228. Calculation area. Photo: Oliver Walter.
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Figure 229. Numbered large surface luminaires 1-11. Photo: Oliver Walter.

Luminaire  AraA(m?) Height (m) Luminance (cd/m?) LAO.25
1 10 12 100 97
2 40 15 100 137
3 10 12 100 97
4 40 12 100 137
5 60 15 100 151
6 10 12 100 97
7 60 10 100 151
8 20 15 100 115
9 10 12 100 97
10 80 10 100 162
11 80 10 100 162

Total area 420 m2

3rd Step:
Calculate the total annual solar energy / day with these 1-11 large surface solar panels.
6kWh/Day/m2 x 420m? = 2520 kWh/Day.

4th Step:

Calculate the total electrical power and energy for LED panels, which produce the needed lighting
level in the calculation. The formula is:

Tx ®/A

where:

L is the luminance of the LED panel surfaces (100 cd/m?
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T is the penetration factor of the LED panel glass (0.5, 50% of lumen flux penetrates the glass)
@ is the total lumen flux that flow on to the inner parts of all glass surfaces (must be calculated).
Ais the total area of LED emitting surfaces (420m?)

m=23.14

After simple calculation, the total lumen flux from all LED luminaires that flows onto the calculation
area is, Qiotal = 263760 Im

Because the LED efficiency is 50Im/W, the total electric power is 263760Im / 50lm/W= 5275 W

lb— viewpoint of perspective

1:2000
O CANOPIES
with indirect illumination
M1 I 1 ]
- - - BRANDO 010 25 50 200m

Figure 230. 5.3 kW is needed for LED panels located in the calculation area (marked RED). Photo:
Oliver Walter.

The lights are on 10 hours/day. Thus the energy needed is 53 kWh / Day / Year

5th Step:

The energy for lighting and how much is left over can now be calculated. The total solar energy
was 2520 kWh/Day and the lighting needs 53 kWh/Day. This means that 2467 kWh/ Day is free to
be returned to the electricity grid from the area calculated.

196



Total Free Solar Energy annually 1s 623 MWh

/A

Figure 231. Energy calculation zones. Photo: Oliver Walter.

This project is not only a large surface luminaire project, but also an "ELECTRIC DAYLIGHT
PROJECT". (7 zones x 89MWh/zone = 623 MWh)

The system efficacy when supplying energy from a modern solar panel system to the electricity
grid is approximately 25%. This means that, heuristically calculated, this whole City 2030 project
annually yields 155 MWh free solar energy after part of it has been used on the lighting system.
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Figure 232. Caravaggio: The Incredulity of Saint Thomas 1601-02; Oil on canvas, Neues Palais,
Potsdam.

4. ARCHITECTURAL OUTDOOR LIGHTING DESIGN CONCEPTS

41. General

The lighting design concept is the most important lighting design tool in a creative and successful
lighting design process. Without a full understanding of the importance of this tool, city
beautification using light is only a matter of luck.

The concept is the most important design element and tool in any lighting design project/process.
The concept consists of a the great unknown + personal semiotic connections + ideas + the
collective creativeness of the designer/design team. A concept may be created in minutes or it may
take a year, depending on how much creativity is accumulated in the designer’s or design team’s
brain and how it can be "pulled out” together to serve the design task in real life . The lighting
designer collects an idea library in his/her brain in the course of professional practice. When a
project starts, the designer or the team members together put forward ideas, which are evaluated
and the best one is selected to become the concept. Lighting design concept brainstorming can be
conducted alone or in a team. When the concept is ready, it ought to be introduced to the right
representative of the client (a creative person who understands design). Normally after this
presentation the real design work starts with the "Master Plan” design phase. There are five
different conceptual design approach levels which depend on the designer’s skills. The nature and
special demands of the space also determines the conceptual focus.

4.2. Different conceptual design approaches: Five levels of comprehensiveness
4.2.1. Level 1: Thought free

Of course some people who practise design lack a new ‘idea’. They see a ‘design problem’ and
apply a ‘solution’ from their past experience or refer to a ‘handbook’ for a formula that seems to
address the “problem”. There may be a concept involved in this approach, but can it be called
‘creative’ or with a capital ‘D’ ‘Design’? Probably not, but many designs are not creative. This may
be appropriate for a specific project, but ‘capital D Designers’ are looking to be challenged to find
new solutions to some aspect of newly defined needs. It is this ‘Design’ process we will look at
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here. Simply following standards and codes can lead to what the lighting designer, Howard
Brandston calls a ‘thought-free process’.

Generally this is a process many people use: — define the problem — apply the science — light the
space. Usually this is a process of applying calculations and meeting specific quantitative needs.
But quality, intuition, and feeling are required for success in most lighting applications. This may
not really be a “thought free process” but it is usually devoid of feeling.

Figure 233. Office lighting. Photo http://www.lightsideimages.com/wp-content/uploads/2016/02/
office-lighting-2.jpg

4.2.2. Level 2: Ideas from past

Gathering ideas from past examples: Many designers, when they have a particular need to meet,
for example, lighting a restaurant, will go though their memory, or more likely books and magazines
(or the web) and look at examples of restaurant lighting that they like or think would be appropriate
for the project. Often they assemble these images and present them to the client as inspiration for
their project. At worst, one or more images are chosen and fitted into the restaurant design.

Usually these past examples provide the concept for the design and once the idea is applied, it
often transforms into an adequate, but probably not imaginative solution. At best, an image of a
past project or work of art can provide inspiration for a creative solution. This is at its best when it is
recognized with due homage to the original creator.

Figure 234. Photos: Julle Oksanen.
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4.2.3. Level 3: Analytic approach

This design process — a series of analytical sketches or ideas unfolding in a progressive order - is
probably the most commonly taught and used design process. It often leads to a very successful
and sometimes a creative result. When the criteria are understood the designer begins a series of
drawings, usually giving form to many optional preliminary solutions. These early ideas come from
some intuitive sense and reference to past experience. Often the early concept sketches are
discussed, evaluated and edited until there is a consensus on best options.

Ideas are then further developed and checked against the criteria to find the ‘best’ concept.
Sometimes, a new idea ‘comes up’ and over powers the favourite up to that time. This may come
from the same designer’s growing involvement with the design or often from input from another
member of the design team.

Generally, this is an ordered layered process, generating lots of ideas, and using a combination of
logic, intuition, and experience to arrive at a preferred concept.

These pictures show the results of the analytical process, combining technical and aesthetic
requirements for a corporate control centre.

Figure 235. Control room. Photo: Philip Gabriel.

4.2.4. Level 4: The Gestalt approach

The analytical approach could be considered part of a ‘Western’ (European/American) cultural
approach. It is a somewhat scientific, linear and trial-and-error method. For some designers in the
1960’s and 70’s the influence of Carl Jung and ‘Eastern’ philosophies, brought another design
process to our attention. Jung explained how the Eastern’ way of non-linear thinking involved,
more being in the moment. All the influences on our experience move together at a point in time to
bring us to new realizations. We can gather a knowledge of or intimacy with a situation and a total
or “Gestalt’ understanding takes place and we see the total appropriate response.

John Lennon spoke of the differences in the creative process after producing the “White Album”.

The previous album, the groundbreaking “Sergeant Pepper’s” had been created in the ‘Western’
process of many different ‘sketches’, variations, judgements and tries, until after hundreds of
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gruelling hours in the studios, the work was finished. Each song took many days of trial-and-error
and many discussions.

For the “White Album”, the band spent hours together, sharing feelings and musical thoughts,
without any particular direction. At some moment, they would agree on a vague notion and start
playing together. Most of the amazingly creative songs were recorded on the first try.

What does this mean to a lighting designer? The process is one of restraining and not giving form
to the design until all the criteria and analysis have been thoroughly digested. It means waiting until
the form becomes apparent and only then putting it on paper. This is a process worthy of
development. When the design is given form, the results usually prove to be appropriate and often
quite creative.

Figure 236. Beatles “Sgt Peppers’s Lonely Hearts Club Band” album. Photo: Wikipedia 12
4.2.5. Level 5: The intuitive unconscious / super-conscious approach

This intuitive/ super conscious form of creative process does not seem to be accessible to many,
and those that are successful may border on genius. But it is important to know that some of the
most creative designs have come to the designer — in a moment, sometimes in their sleep. Frank
Lloyd Wright talks about having a ‘vision’ of the Guggenheim Museum — seeing the complete
building at once, in full detail.

Figure 237. “Falling Water” Photo: Frank Lloyd Wright's first sketch for ‘Falling Water’.

Figure 238. And the famous picture of it, as it is today. Photo: Unknown.

201



Another design example of this intuitive/ super-conscious form of creative process is the architect
Steven Holl's Nelson-Atkins Museum of Arts (NAMA) project in Kansas City, USA. His “water color
approaching” method in light and architecture composition is highly unusual.
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Figure 239. Figure NAMA concept watercolor number 1. Photo: Architect Steven Holl.

Figure 240. Nelson-Atkins Museum of Arts (NAMA). Photo: UMKC homepage.

4.3. Introduction of different conceptual examples

202



| have chosen five different types of conceptual examples to demonstrate that all kinds of
demanding architectural lighting design projects can be solved using different kinds of heuristic
metaphors and tools. They all belong to conceptual levels of 3,4 or 5. Conceptual levels 1
(“Thought free”) and 2 (“Examples from the past”) do not include any heuristic metaphorical
thinking or conceptual argumentation.

Mariehamn West Harbor, Mariehamn,
Level 3: “Analytic concept” and level 4: “Gestalt approach" / "Lighting composition concept”

Statue of Liberty, New York, New York,
Level 5: “Intuitive unconscious concept”

Finnish National Opera, Helsinki,

Level 3: “Analytic approach”, level 4: “Gestalt approach” and Level 5: “Intuitive unconscious
approach”/ “Color concept”

Amphi theatre, Ankara, Turkey

Level 5: “Intuitive unconscious approach”/ “Concept of shadow & light”

Pedestrian Bridge, Knoxville,

Level 4: “Gestalt approach” level / “Sustainable concept”

A demanding architectural lighting design project has no standardized strictly rule oriented and
systematic process scheme, in contrast to a technical lighting design process. They are always
individually treated and project-specific oriented cases. A mature and professional project normally
starts with heuristic “tests”. The designer has collected design material in his/her brain and tests if
any of those elements can be used in this specific project. He/she can also create and find a new
way to do things and/or put different types of ideas together. This thinking normally leads to finding
if not always a real new metaphor, at least metaphorical thinking process.
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4.3.1. Mariehamn West Harbor, Mariehamn, (“Lighting composition concept”)

Figure 241. Mariehamn Harbor lighting concept area. Photo: Mariehamn concept report (Appendix

1),

Heuristic metaphor: “Heuristically analyzed lighting design metaphor element” and “findings”:
Immediately after visiting the site, music and light combination came to the present author’s mind.
Rich nature and an inviting environment supported the idea to use Richard Kelly’s design process.
The scary looking sea created at the same time a dream of a modest white veil as a contrast to the
black sea. The vessel Pommern gave birth to the idea to write a poem on the first page of the
concept report, which we did (see: Den “glédande hamnen”). Shadow is the best friend of light.
Contrast: Black sea and a soft white light veil — Poetic light.

Concept: This concept mainly represents the “Analytic approach”. The poetic “touch” and lighting
compositions belong to the “Gestalt approach” concept category. When darkness falls on the
Mariehamn area, electric light embraces the space forming a “Glowing harbor”. The white veil over
the harbor forms a strong contrast to the mystic and dark sea, a pair of contrast (a pair of life). The
Pommern, the biggest four mast bark on earth is sleeping in glowing white mist, the captain is
walking alone in the white glow towards his home leaving behind only the slowly escaping smoke
from his pipe. The harbour subsides into a dark sleep. Electric light is designed (composed) to
serve this nocturnal episode which is more or less a dream, a personal hectic memory of Orson
Welles’ “The Third Man”.

Figure 242. Lighting sections 1,2,3 and 4. Photo: Mariehamn Concept Report (Appendix 1).

The design area is divided into four architectural lighting sections (Snitt 1-2-3-4). On each section
light is composed like music. The vertical element in the diagrams is E, the illumination value is Ix
at a certain point/spot/area. Yellow areas represent carefully designed lighting compositions. The

basic lighting “tone” is a few Ix over entire areas. That represents the basic “lighting veil”. Different
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kinds of bulges represent contrast and very thin ones, “Play of Brilliance” type of light (as in section
3; the illuminated masts of the Pommern).

Figure 243. The Pommern and lighting philosophy on the lighting section 3. Photo: Julle Oksanen.

As can be seen by comparing the image of the Pommern and the lighting composition in section 3,
the illuminance values are not scientifically exact. The main idea is that the lighting composition
imparts the right kind of mental image of the composition and lighting design goals, not exact
lighting values. Of course the main idea is to try to follow the values as exactly as possible. For
example the Marine Promenade in sections 1,2 and 3, follows lighting recommendation values
(Car Traffic Classification A3 and Light Pedestrian Classification K4).
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Figure 244. Lighting section 1. Photo: Mariehamn Concept Report (Appendix 1).
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Figure 246. Lighting section 3. Photo: Mariehamn Concept Report (Appendix 1).
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Figure 247. Lighting section 4. Photo: Mariehamn Concept Report (Appendix 1)

4.3.2. Statue of Liberty, New York, (“Intuitive-unconscious concept”)

“Lighting the Lady”:

Landscape is important in our civic lives, and much of our experience of civic places and
monuments occurs at night. The Statue of Liberty is a good example of how lighting design can
enhance civic places and create shared memories and iconic images and experiences of our

common heritage.
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Figure 248. Statue of Liberty, New York, USA. Photo: Howard M. Brandston Lighting Design.

The composition of lighting in this design is outstanding. Light & Shadow are in exquisite balance
and the composition works from every viewpoint of the Statue of Liberty. This is remarkable given
the variety of vantage points that include the harbor and surrounding sites of New York City, New
Jersey and Staten Island. There are also great views to be had from ships and planes flying into
JFK, La Guardia and Newark International airports.

The lighting composition demonstrates features of Richard Kelly’s design theory. Ambient light
exists from the sun-rise and the sky. The lighting of the statue provides the focal glow with
balanced light and shadow. The surrounding lights of the metropolitan region give a play of
brilliance.

The technical solutions for this scheme should be noted. General Electric created a new metal
halide lamp version for this project according to Howard Brandston’s specifications. This shows
the importance of collaboration between technical suppliers, engineers and lighting designers.
Luminaires with special optics were designed and manufactured to provide the precision control of
light on this scale. These luminaires allow the color solution to imitate dawn light conditions,
remarkable given that the Statue has a green ‘skin’!

The Statue of Liberty is a special object with civic significance and symbolism. A gentle and
gradated light enhances the symbol, but also imbues it with an almost ethereal presence. The light
is softest at the base, allowing the Statue to mysteriously arise from her place on the dark waters.
The increase in the intensity of the light draws the gaze upwards to the pinnacle, creating softly
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glowing brightness on the crown and the torch. This gradation makes the Statue present, and
enhances the top of the structure, providing an iconic and memorable image.

Howard Brandston’s next statement reveals beautifully how a difficult and complex lighting design
problem can be solved and tackled with practical design work which leads to a perfect and
valuable concept and result.

“I pondered the challenge of how to illuminate this icon, so | took a boat out into the harbor and
observed her from various distances and at every angle. | observed her at dawn, noon, dusk and
in the darkness of night. At some point of the process, | walked to the end of the Battery Park
Promenade, sat on a stone wall, and it came to me: She looked best in the light of dawn. | took out
my little notepad and wrote: “Needed: one light source with spectral power distribution to mimic the
morning sun, one to mimic the morning sky and a new light fixture to project light from a great
distance — this will create a lady with green skin look good.” (Brandston 2008b)

Figure 249. Statue of Liberty, New York, USA. Photo: Howard M. Brandston Lighting Design.

4.3.3. The Finnish National Opera, Helsinki, (“Color concept”)

This concept is hard to put totally into any of the 5 levels introduced. The Opera exemplifies the
“Analytic approach”, the “Gestalt approach” and some hints of the “Intuitive unconscious
approach”.

209



Figure 250. The Finnish National Opera. Photos: Julle Oksanen & Oliver Walter.

The existing situation: Day

The Finnish National Opera is a bright white and a massive giant, inside which professional people
present various performing arts, festive and memorable performances. This involves professionals
like management, catering, different types of art exercises, technical services, costume design,
production design, orchestra, etc.

The existing situation: Night

When darkness embraces the space, different human emotions seize our minds, no matter where
we are. Mystery, romance and a natural kind of interest pervades the mind. The National Opera's
outer shell-, however, remains massive, now cold and forbidding at the same time as the
background of the building has changed to dark and become mysteriously fascinating . When the
interior achieves of creativity, the outer cover is static and cold. During the premiere the interior
throbs warmly and the performances transport the audience to ecstasy and artistic pleasures,
away from the worries of everyday life. What a contrast from the exterior.

New Outdoor Lighting Concept (presented briefly):

Based on heuristic metaphor elements: “A heuristically analyzed lighting design metaphor element”
- “findings” in words: Art and color lighting — Kinetic lights — Changing spirit of the building — Cube
as a messenger — Performance day and specialty — Everyday life and light.

Figure 251. The National Opera as a lantern. Photo: Julle Oksanen Lighting Design Ltd/Julle
Oksanen & Oliver Walter.
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Lantern light from inside out

The stage and the stage tower with its hidden mechanical equipment are the pulsating, fiery heart
of the building. From here the creativity radiates to the surrounding halls, lobbies, foyers

and other areas. From these areas it flows from all windows and openings transformed into visible
light. The building has become a huge lantern, disseminating warm and interestingly glowing light.
When this glowing lantern type of light is in the main role and the rest of the building is in the dark,
people understand that shadow is the best friend of light.

Figure 252. Light as a messenger. Photo: Julle Oksanen Lighting Design Ltd/Julle Oksanen &
Oliver Walter.

Light is a message

In the dark the spirit of the National Opera ought to proclaim its inner spiritual soul and aesthetic
functions to the outside. This can be achieved by color lighting and variations of light and shadows.
The outer shell of the building can also be used in this style and spectacularly herald future events.
The light is then the message from the future. When using colored light and projections, the
designer needs to answer the question: Why? It is not enough if it is merely fancy or looks nice.
Color is not an intrinsic value in lighting design or city beautification. According to experiences in
the Middle East, it does not stand the test of time. There must be a clear, professional and robust
functionality and a convincing explanation.
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Figure 253. Premiere lighting. Photo: Julle Oksanen Lighting Design Ltd/Julle Oksanen & Oliver
Walter.

The entrance and approach to the building

When a person approaches the building and attends the performance, he will transfer from
everyday life to art. The building entrance (in the right light) affords a rite of passage for
approaching people between everyday life and an artistic experience. The hustle and bustle of
Mannerheim Street, a major thoroughfare, is behind the person and great art experiences are in
front of him. The dancers of “Bella Figure” from the huge cube are as if dropped from the tower T1
inside the building onto the stage waiting for the audience. The tower is only glowing in red light as
a reminder of the performance. Facade and Plaza lighting are slowly moving, breathing red light.
For once, it is fascinating to cross the Plaza.
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4.3.4. Amphitheater, Ankara, (“Concept of shadow & light”)

Figure 254. Location of Amphitheater. Photo: Google

Odeon Amphitheater is located in Bilkent University area. Room for 5000 listeners.

Figure 255. The Amphitheater from the outside. Photo: Julle Oksanen.
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Concept:

The concept belongs to the category “Intuitive unconscious approach”. When | first entered this
building with the architect Ergut Sahimbas, who had designed it, | immediately sensed what the
solution should be. The amphitheater is located on the slope of a dark hill in Ankara. People
approach the area by car. They drive towards the amphitheater guided by car headlamps. The
turning car head lamps create an interesting light phenomenon. No specific street or area lighting
is needed at all. General lighting is the falling, humble white veil of light which emanates from huge
openings of the amphitheater structure.

From their parking places people start to walk in lines like hundreds of ants towards the main stairs
and entrance to the building. Expectations are high and slowly art starts to fill their minds.

Cars in the carpark start to sleep together in the embrace of darkness. Their whispering together is
almost audible as their engines cool down.

When people have passed the stairs, they have their historical moment to be a gladiator for a
couple of minutes. They have to walk bravely through an approximately 20m high and 4m wide
stone corridor under the light which falls from the canvas and open ceiling.

After they have entered the amphitheater, they orientate themselves under a mystic indirect light.
The huge size of the amphitheater influences their emotions very strongly. People find their places
and sit down to await the performance and observe the happenings inside. The excitement is
almost palpable. The ants are in the nest.

Figure 256. The amphitheater from inside. Photo: Julle Oksanen.

The brightness of the canvas is very peaceful and the maximum luminance value is 170 cd/m2.
Luminaires are hidden to avoid any glare or disturbing visible elements. Horizontally installed
acoustic elements located in the ceiling cast beautiful shadows onto the canvas. Shadow is the
best friend of light. Once everyone is inside, Enor illuminance values decrease step by step. The
switched values are 60Ix - 40Ix - 20Ix - Olx. Just before the canvas light goes down, the stage
lighting comes up and creates the atmosphere of the space.
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4.3.5. Pedestrian Bridge, Knoxville, (“Sustainable concept”)

This example is located in Knoxville, Tennessee, USA. It is campus area of the University of
Tennessee.

TN A

Figure 257. Design area. Photo: Google.

The design area has lost its shadows, interest and happiness as a place. Its human scale and
spirit as a comfortable and enjoyable place are lost. The area serves transportation and activities
inside the enormous buildings, the Thompson-Boling Assembly Arena and the Neyland Stadium.

The Gestalt approach to design thinking

The lighting design process was one of restraint and not giving form to the design until all the
criteria and analyses were thoroughly processed. That meant that | waited until the form became
apparent and only then put it on paper. This was very educational and a process worthy of
development to me as a lighting designer. When the design had a given form, the result also
proved to be appropriate and according to my professors also quite creative. This “Gestalt
approach” type of student work was also introduced to the municipal authorities, who wanted to

continue the real project together. Unfortunately, the whole bridge project was postponed to the
future.
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CONCEPT

Entrance zone

Entertainment zone

Entrance zone

Figure 258. Lighting design concept. Julle Oksanen’s studio work at the University of Tennessee.
Photo: Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture,
Julle Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter.

Concept:

The concept belongs to the “Gestalt approach” level. New zoning for light will transform the site
into an enjoyable meeting place for students and people in Knoxville. Let’s call it the “Curving
Lights of Knoxville”. A blue underground light stripe located in the middle of the driving lanes and
glare free large surface luminaires for street lighting purposes create a new and inviting
atmosphere.

Figure 259. Entertainment zone. Julle Oksanen’s studio work at the University of Tennessee.
Photo: Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture,
Julle Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter.

The entertainment zone now has the humongous fagcade of the Thompson-Boling Arena as a large
movie screen and amphitheater style benches in front of the screen.
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Figure 260. Plaza and “Whispering Lights”Julle Oksanen’s studio work at the University of
Tennessee. Photo: Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace
Architecture, Julle Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter.

Glare-free, peaceful and “Whispering Light” on the small plaza and pedestrian bridge over the
Tennessee River generates a lovable and “quiet” lighting pair for pedestrians’ daily crossing.

Figure 261. The bridge on “Game Day”. Julle Oksanen’s studi owork at the University of
Tennessee. Photo: Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace
Architecture, Julle Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter.

During the famous Tennessee “Game Day” in Knoxville everybody (normally well over 100,000
people) has orange clothing, the color of the Tennessee American football team. During game day
the bridge is orange, Tennessee orange.
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Figure 262. The bridge on weekdays. Julle Oksanen’s studio work at the University of Tennessee.

Photo: Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME, Sanders Pace Architecture,

Julle Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter.

On week-days the color of the bridge is blue. Blue is the color of heaven and the sea. It is
perceived to be cool, distant, comforting and trustful. It is a classic heraldic color, often called
"Azure”. In the USA blue is politically the color of the Democratic Party. Other colors can also be
used, because the LED stripes are RGB (Red Green Blue) stripes and are operated freely as
regards colors.

Figure 263. Large surface and glare-free bridge lighting. Julle Oksanen’s studio work at the
University of Tennessee. Photo: Larwie and Associates, CRJA, Wilbur Smith Associates, S&ME,
Sanders Pace Architecture, Julle Oksanen Lighting Design Ltd, Julle Oksanen & Oliver Walter.

An important part of this “Gestalt approach’ level lighting concept is also glare-free lighting
solutions. Light comes out of the light coves indirectly illuminating large surfaces. The lighting
follows the bigger concept.

Project sustainability: All the energy for this lighting project is produced by sun.
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5. ARCHITECTURAL OUTDOOR LIGHTING DESIGN METHODS

5.1. General

Since lighting design transferred from the hands of architects to the hands of engineers, lighting

design projects have been done without proper methods. Electrical engineering education does not
include any elements of design or design methods. Another reason for this Dark Age in lighting

design methods is the lack of lighting design education in schools of architecture.

This combination of lack of education on both sides, engineering and architecture, has led to
unprofessional final lighting solutions. In this dissertation different kinds of architectural outdoor
lighting methods are introduced using two different kinds of comprehensive examples: The Telenor
Building in Norway and Mariehamn West Harbor in Finland. In addition, as a method example, the
Telenor Building also expands the understanding of the working load in the creative city lighting
design process. Telenor could be only one building among hundreds of others in the North
Vancouver master plan design (see: Figure 197 Places of Night Interest). Vesa Honkonen and
Julle Oksanen won the first prize in a Scandinavian lighting design contest in 2002 with this
project. The Telenor example is a new building with its environment. The Mariehamn West harbor
project is an existing outdoor space. The methods differ, but include the right kind of attitude and
touch in design. In point of fact, design is an attitude, whether it concerns a spoon, a house, a car,
a building, the infrastructure of an area or lighting. Design is an attitude.

5.2. Pragmatic lighting design method example: Telenor

In my own architectural lighting design projects my design process | use a method involving four
main steps regardless of the type of lighting design project. The steps and elements are:

Heuristic metaphor & Concept design
Master Plan design

Detail design

Demonstrations and implementation

This sounds simple, but needs a professional attitude, skills and education. There is no exactly
standardized design process inside these four important steps/elements, because it is critical to
structure a place-based method to achieve quality results. Every individual project needs place-
based creativity and project management. The Telenor headquarters lighting design project is an
outstanding, comprehensive and educational example of this.
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Figure 264. Concept example. The Telenor Building in Oslo, Norway. Photo: Telenor.

Telenor is one of the fastest growing providers of mobile communications services worldwide and
also the largest provider of TV services in the Nordic region.

Revenues 2006: NOK 91.1 billion
Workforce: 33500 person-years
Listed on the Oslo Stock Exchange and headquartered in Norway.

We are now looking for the Lighting Design Concept of their new headquarters, which is located in
Oslo, Norway.

The building has a lot of glass as a construction material and we are now focusing on mainly those
glass areas and the Plaza, which was our design task.
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5.2.1. The lighting design concept

Figure 265. Telenor aerial view. Photo: Telenor.

This office building is located near a beautiful fjord and in a natural setting. To us, as lighting
designers, Norwegians are people of nature. When we started to create the concept, we had in our
minds an image of Norwegians wandering on their huge hills and fjords with their famous
characteristic Norwegian pullovers and rucksacks.

However, we also kept in mind that Norway is also very wealthy with a lot of oil, great educational
opportunities and is a modern nation, of which this Telenor Building is a good example. This is
somehow an odd combination for the lighting design concept design phase-wise. Seven thousand
employees approach this modern and high technology building every day. They approach the main
entrances through the huge plaza, which is approximately the size of four full-size soccer fields.

They enter the building through eight main entrances located on the oval glass edges of the two
building blocks.

Through the entryway they arrive at an indoor entrance which is mainly made of glass, steel and
stone. After this they proceed to their own office desks using stairs or elevators.

Figure 266 is an architectural section of the office entrance hall block. It is located between the
office blocks and is mainly made of glass. A café’ is located on the hall.

Heuristic metaphors:

“Heuristically analyzed lighting design metaphor element” - “findings”: We started “the metaphor-
process” by thinking of what Norway is. Norway has a lot of darkness and beautiful and wild
nature, northern stars. We wanted to bring the darkness from the fjord to the site floating silently
through the building back to freedom from eight glass entrances. We wanted to use the Telenor
Buildings as huge luminaires of the plaza. We just wanted the glowing facades to form “whispering

221



lights”. Our dream was that when the darkness engulfs the site and pervades the entrances to the
back of the buildings, at the same time the glass facades glow modestly shedding vertical light
onto the plaza. We wanted no luminaires for the plaza. New luminaire design — Indoor lighting is
outdoor lighting — Light & Darkness, pairs of life.

Based on that metaphorical poetry, our concept was to create a place for employees where they
could have a clear and visible connection to nature. There is a person in the café’ looking for the
stars and moon in the Nordic sky.

Glass acts like a mirror. The reflection factor of normal "float” glass is something like 20%. The hall
block was full of revolving glass elements at different angles both vertically and horizontally. We
therefore decided to use a "functional lighting concept”, which meant that we wanted to minimize
reflections from the glass surfaces. These entrance halls were actually "light traps” during dark
periods. We used large surfaces and placed luminaires so as to avoid or at least minimize
reflection.

TELE ( DATA GANG VVS UNDERSENTRAL [ | KAFE | MOTEPLASS OATAMALL

Figure 266. Telenor lighting design concept. Atrium section. Employees can see a Northern sky
and stars from café. No glare, no disturbing light distribution surfaces. Photo: Vesa Honkonen &
Julle Oksanen.

It would have been easy to integrate downward lights on the beams which were located on the
roofing area. We did not want to illuminate only air, which is an invisible material. We also
estimated that there would have been hundreds of reflected light sources as a result of this
common solution.
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Figure 267. . Telenor lighting design concept. The darkness from the Norwegian fjord was to flow
silently through the building back to freedom. Photo: Vesa Honkonen & Julle Oksanen.

Love & Hate
Sound & Silence
Black & White
Light & Dark

Those are the pairs of life. Without pairs life would be boring and dull. Shadow is the best friend of
light. We desperately wanted to use this philosophy on that plaza.

We wanted to bring darkness from the fjord to the Telenor plaza. From the plaza darkness runs
through the entrance halls back to nature. This somehow a very Norwegian style.

This concept meant to us immediately that we did not want to install any luminaires on the plaza.
The huge glass openings of the boulevards of the building blocks were our large illuminators. The
education center, which is located on the plaza, also had glowing walls.

This concept was very strong and meant that we had to be able to influence and use the office
lighting, which created those illuminators of ours.
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5.2.2. Lighting design master plan

A lighting design master plan is a tool which is located in a very strategic place in the lighting
design process as a whole. With this tool lighting designers have to find lighting “hardware” and
“software” solutions to implement the concept design on a practical level. If the right solutions
cannot be found, it may be necessary to change the concept. In some cases it may even be
necessary to create a new concept.

Accumulating working experience in the real world and in real projects matures a lighting
designer’s perception and understanding of what can be implemented and what cannot be
implemented.

Sometimes even a great concept can stay on the level of dreams and the lighting designer gives
up hope and is not sustained enough to try to find the right solution, but one should not give up
hope. A small change in a concept may save the high-quality result. A minor change in design need
not mean the irretrievable loss of great idea / concept.

The master plan phase consists of luminaire selection, lamp selection, preliminary checking of
construction solutions, lighting calculations, computer images, etc.

The master plan phase excludes detailed design elements like working drawings, construction
detailing and luminaire integration into structural elements. It is a good time to clarify what is in the
offer in order to be able to avoid unclear situations later about what is included in the work and
what is not.

Figure 268. Telenor Lighting Design Master Plan, general computer image of the site. Photo:
Telenor.

In order to give a flavor of design process as a whole, we now focus on the Master Plan Design for
Telenor Headquarters in Oslo Norway.

The Master Plan phase affords a deeper understanding of the building itself and its purpose. Then
we can “guide” the lighting design process in the right direction in the Master Plan design phase.
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Things which are good to know:

How people use the building during workdays (approaching the building, moving in
buildings, floors, cafés, offices, other activities, etc.).

How the building is used at night.

Materials of the building.

Special needs of different activities.

Who are cooperators and what are their needs.

National lighting design recommendations and their application “style” and code
requirements.

How to introduce the Master Plan Design and to whom.

Figure 269. Telenor Lighting Design Master Plan. Computer analysis for the Atrium area. Photo:
Erkki Rousku

The master plan phase starts with analysis. In existing buildings, one must analyze the existing
situation in order to be able to compare it to the new design proposal. New advantages and
solutions are great to introduce to the customer by comparing them to existing and “old ones”. New
buildings normally call for more creativity in three-dimensional thinking, because the designer must
imagine himself in the building / space to develop ideas and proposals in the right way. In good
lighting design three- dimensional thinking is a great way to a successful result.

In the Telenor Building we closed our eyes and thought how it would be to stand in the middle of
the atrium and look around. We understood that we had to analyze glass atriums with a computer
and we found that glass atriums are “light traps” at night. There are lots of reflections from different
surfaces. This fact led us to create a lighting solution that minimized the mirror effects of light
distribution surfaces, or luminaires, from hundreds of glass elements. More problems were also
caused by the different angles of the huge glass elements, both horizontally and vertically. We also
analyzed whether it would be possible to see out of the building at night and in dark periods.

We made a lot of heuristic calculations to solve all the above mentioned problems. One example of
the numerous calculations we made in the master plan phase is introduced in Figure 270. The
reader is not expected to search for any details in these figures. The main reason for presenting
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these calculations in this master plan context is to demonstrate how heuristic calculations
supported us in our design work in such a project.
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Figure 270. Telenor Lighting Design Master Plan. One result of our seven heuristic calculations.
Photo: Vesa Honkonen & Julle Oksanen.

Explanation of Atrium calculation (Figure 270)

Office blocks are located on both sides of the glass atrium. After the analysis we started to figure
out how much light actually runs from all those office areas to our design area — the glass atrium.

We contacted the electric designer, who, together with luminaire manufacturers, took care of
lighting in the office areas. We asked about the lighting procedure in offices. According to that
information we made lighting calculations for the office areas. We were only interested in the
vertical illuminance values on windows which were located on both sides of the glass atrium (see
Figures 270 and 273).

With the basic formula: E = ® / A, in words: The llluminance value on window areas E is equal to
Lumen package of window areas @ divided by illuminated window areas A. From this formula we
solved the value of Lumen package ® on window areas.

Then again the basic formula E = ® / Awas used in a creative way: Now E was the illuminance
value on the floor surface of the glass atrium, ® was the lumen package which runs from the
windows to the floor of the atrium and A is the atrium floor area. Of course we had to use additional
factors (marked k in the formula) which had effects on the result. K is the product of penetration
factor of window glass, construction elements (balconies), direction of outflowing light from
windows, reflections from surfaces and the approximated and “corrected” room factor of atrium.

226



With these master plan calculations we went to the customer and told them that these office
designers had completed our work. We only need to send the bill. We had made our analysis
calculations conservatively to be on the safe side and the result was 40 Ix (4 fc). In reality we told
them that it would be closer to 100Ix (10 fc) than 50Ix (5 fc). Of course we wanted to create
contrasts and functional lighting instead of only “Dull 40Ix (4 fc)”. We therefore said that we had to
design for more light but take these values into consideration, too.
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Figure 271. Telenor Lighting Design Master Plan. Atrium section. Indirect lighting solution. Photo:
Vesa Honkonen & Julle Oksanen.

In order to be able to avoid reflections of the light distribution surfaces of the luminaires, we had to
create a new way to illuminate the glass atriums functionally. We could not accept downward light
luminaires, because they would have caused oval reflections (round holes of luminaires seen from
different angles and levels.). We could not accept luminaires on the wall surfaces at all (huge
reflections), nor wall washers (because of glass walls and difficult tracking systems).

“Normal” fluorescent luminaires were, of course, out of the question due to the earlier reasons.

We created a new kind of functional lighting solution. We designed long indirect fluorescent lighting
rows with continuous light — providing light functionally where it is needed and at the same time
minimizing reflections.

We could not find fluorescent luminaires with continuous indirect light, with the style, dimensions
and invisible pendant and hanging systems, so we designed them ourselves. The Telenor Building
had 8 km (26,000 ft) of luminaires in rows, both indirect and direct versions.

Later on this lighting system matured as a standard luminaire range for standard production for the
manufacturer.
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Figure 272. Telenor Lighting Design Master Plan. Bulevard sections. Hidden light distribution
surfaces. Photo: Vesa Honkonen & Julle Oksanen.

When a project is very large and complicated, all kinds of innovative hardware solutions are
needed to fulfill the concept. We also had some other solutions in addition to the fluorescent light
row. To mention just a few examples, we used:

“Black hole” luminaire solution

“Hidden lateral fiber optic” solution” for facade
“Fiber optics pylon” solution

“Wall washing” solution

“Deep down light for orientation” solution

Remember that this is a master plan, no details yet. It is the same in real- life projects. In this
phase one need only show innovative solutions to the client and introduce how they “follow” the
concept. Representatives of the client, like the architect, interior architect, electricity designer, etc.
want to see that the project is feasible. The reason for the interest of other designers is that one
designers’ solutions also can have a huge influence on other solutions. Co-operation is the key.
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Figure273. Telenor Lighting Design Master Plan. Dimming calculations. Photo: Vesa Honkonen &
Julle Oksanen.

After all approvals from the client’s side and maturing master plan ideas, we had to start to create
real-life calculations and plan how to use light as a whole. The final calculations took care of all
areas, like offices, atrium floors, café area, walking areas, areas in front of elevations, entrance
area, stairs and balconies

At this point the reader is not expected to search any details from Figures 273 and 274. The main
reason for introducing these calculations in this master plan context is to demonstrate how

heuristic calculations supported us in our design work in such a project. We used the simple and
free “DialLux” lighting calculation program. That program did not include light distribution values for
our new luminaire, so we had to execute simulation calculations by choosing a standard luminaire
from the program. After that selection, we manipulated light distribution values to model to our new
luminaire. Based on these results we proposed how to use all lighting. We also had to take into
consideration that these values also had influence on lighting values on the Plaza, not only for
atrium areas.
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Figure 274. Telenor Lighting Design Master Plan. Contrast calculations to ascertain if people inside
the building can see out during dark times. Photo: Vesa Honkonen & Julle Oksanen.

The director of Telenor asked us whether his employees could see out of the building during dark
periods. That was a huge challenge for us as designers. We used contrast ladders based on
Scales of Apparent Brightness by R.G. Hopkinson, which compares different brightness of objects
with the brightness of different ambient conditions. The “heuristic” result is “Earned viewing points”.

Calculation in words:

1)

Mr. Svensson is looking out of his office window. He tries to look outside and enjoy the
view.

There are 2 windows = mirrors between him and Plaza.

Let's assume first that Mr. Svensson has only outer glass elements (facade glasses) and
his own window is just a hole (equal to his office window being open).

What he sees is ambient light in the contrast ladder diagram (a bunch of curves on left
upper corner on Figure 274). The value of that ambient luminance is reflections of interior
values from fagade glasses. Those values are between 1-20 cd/m?2.

In order to “earn” 40 viewing points from the left side of the contrast diagram (e.g. Figure
119) (Officially “Relieving Power”) an object must have a luminance value of approx. 20 cd/
m?2. (Horizontal values on contrast diagrams). That means an E value of approximately 200
Ix (20 fc) on objects like a tree in Figure 274, for example. This is not possible within
reasonable limits.
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6) Conclusion: Mr. Svenson can see out clearly only if Telenor will purchase extra glass with a
reflection factor of 2% (very expensive glass material and normally used in control rooms).
Otherwise Mr. Svensson can only see lots of reflections like his own face, wall bricks,
structural elements and outside something. A big mess.

7) Telenor decided to use normal float.

Figure 275. Telenor Lighting Design Master Plan. Computer image for Plaza. Photo: Oliver Walter.

This image was made for the client’s directors and decision-makers, who normally do not
understand lighting “language”. It is a very sensitive issue, in fact, how to introduce project
concepts and designs to these people. It is very important not to suggest that they are “dummies”
in lighting, but rather that they are in charge. Visual images help them to understand the goals and
so facilitates matters.

The Plaza luminaires are those huge glass sides of both buildings. The glowing luminaires
hundreds of meters long and tens of meters high give a soft general light to the Plaza. Beautiful

vertical values.

The eight entrances had their own inviting lights. The entrance canopies were illuminated by
underground luminaires. The Education Center in the middle part of the Plaza was also a huge
glowing luminaire with light bridges to buildings. Underground luminaires with asymmetrical light
distribution were also used. The head/end part of the building, the nearest part to the fjord, was the
so-called “PR part”. It has blueish glowing fagade lighting with lateral fiber optics. The parking area
was located under the Plaza. The two oval holes are approach areas from the car park to the
Plaza and also buildings themselves. The seven small dots on the left were indirect luminaires
leading from outdoor parking place to buildings. The greenish round shaped elements on the Plaza
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are illuminated plant areas. They look small on this image but their diameter was many meters in
each.
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Figure 276. Telenor Lighting Design Master Plan. Heuristic Plaza calculation. Photo: Vesa
Honkonen & Julle Oksanen.

The Master Plan calculation for the Plaza was very interesting. Again, we used the basic applied
lumen method to calculate illuminance values on the Plaza. (The reader is not expected to seek
any details in these figures. The main reason for introducing these calculations in this master plan
context is to demonstrate how heuristic calculations supported us in our design work in such a
project.)

In words the formula is as follows:
Calculated the lumen package on the glass surfaces of both building blocks according to
earlier calculations for offices.
This value was divided by A, the area of whole Plaza. (E=® /A).

This value was multiplied by a sum factor formed of: kgass = Glass penetration factor,
kstructure = structural elements which reject light coming out of the building to the Plaza (like
steel pylons, framing elements of glass etc.), kdirectional = Factor for how big a part of the light
approaches the surface of the Plaza.

Eaverageplaza = 11 Ix (1.1 fc). This meant that of course light mostly fell onto the Plaza near
the facades fading beautifully near the center line. Vertical light is beautiful, because it does
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not disappear anywhere, but runs on the air vertically to the other side flowing partly into
the other building through the window areas and partly reflecting back to the Plaza and
other building.

Result:

Figure 277. The result of the Telenor lighting design. The café in the atrium. Photo: Jan Drablos.

Minimized reflections from windows allow people to see stars and other space elements in
Northern sky. We were happy and relaxed to have achieved our concept and goal.

Indirect luminaire rows above the balcony give nice contrast in space and soft horizontal light on
the floor level.

A nice contrast for café visitors is given by a row of lights located very low on the left side of the
image. The height of this row, which is located on the small edge element of the café, is
approximately two feet. The light distribution surface is towards the floor, but if needed it can be
edirected.

Somehow a cozy feeling is created in the office environment.
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Figure 278. The result of theTelenor lighting design. Stairs. Photo: Jan Drablos.

Light rows again installed approximately one foot above the stair surface.

The lines follow the angle of the stairs and the light distribution surface is aimed towards the stair
levels. This solution for the stairs looks and sounds somehow easy now when the project is
completed, but it was problematic in the real design phase. One possible reason was that nobody
else had ever used this kind of method to illuminate stairs. The importance of continuous light on
the balcony can also be felt on the right side of this image. Rows of “light tubes” also provide
anonymous and functional elements in the space. They do not clash with any architecture and they
still fulfill their task as luminaires.

Contrast and a continuous row of light and “tubes” somehow also gives “charisma” to the space.

Figure 279. The result of the the Telenor lighting design. Atrium. Photo: Jan Drablos.

Nice illuminance values, which also fulfill the lighting recommendations in Norway together with
great contrasts is an interesting combination.

Shadow is the best friend of light.

234



Figure 280. The result of the Telenor lighting design. Plaza. Photo: Jan Drablos.

The Plaza seen from the other direction. The plaza is cozy and yet huge, which is an interesting
combination.

The vertical illuminance values are beautiful and make it possible to recognize approaching
people’s faces and attitudes at a reasonable distance. This is an important factor in dark
environments. According to research by the anthropologists E.T. Hall and Wout van Bommel, the
semicylindrical illuminance value on a height of 1.5m (5 ft) must be Escmin = 0.8 Ix (0.08 fc). At this
value an observer can recognize the faces of approaching people from the mandatory recognition
distance of 3.5 meters (12 ft).

The lighting values are modest, but one is surrounded with illuminated walls imparting a feeling of
safety. Contrasts of moving people, even at a distance, creates a sense of comfort.

5.2.3. Lighting design details

Such big projects need a professional coordinator, especially when the construction process is
moving at a fast speed. In this case the project coordinator was a talented and experienced project
leader Jan Drablos of Multiconsult Norway. He transferred Lighting Concept and Master Plan
information to the electrical engineering consultants, whose task was to add lighting solutions as a
part of the electricity drawings ready for the electricity contractor. The detailed design phase is a
phase where the lighting designer can have only a small role, especially in this kind of big project.
For the implementation phase, Jan Drablos of Multiconsult decided to take full control of the whole
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lighting design and procurement, even though it was a technical turnkey contract. This was to
avoid being cheated on types of fixtures (which is common all over the world). Multiconsult decided
on all manufacturers and types of all fixtures. Testing was often carried out before the decision on
type and installation. The electrical engineering consultant team was instructed to perform the final
detailed design according to the lighting designer’s concept and Multiconsult’s choice of
luminaries, with great success!

Figure 281. Detail design drawing of Telenor atrium. Luminaire positions. Photo: Jan Drablos,
Multiconsult.

Our lighting project was completed successfully with only one luminaire type designed by
ourselves (Vesa Honkonen & Julle Oksanen). Notor was manufactured by the international
luminaire manufacturer Fagerhult Belysning AB. Fagerhult is one of Europe’s leading lighting
companies, with 2,200 employees in 20 countries. Fagerhult develops, manufactures and markets
innovative and energy-efficient lighting solutions for professional indoor, retail and outdoor
environments.

Telenor has over 8,000 meters of Notor luminaires.

5.2.4. Demonstrations and implementation

Before the final implementation, demonstrations are important. Computer images or calculations
do not give perfect visible, 3-dimensional effect of designed solutions.
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Figure 282. Facade lighting demonstration. Photo: Jan Drablos, Multiconsult.

Conclusion of Telenor: This lighting design project is a great example of how Heuristic metaphor-
thinking leads the process in a totally unique direction. The concept created belongs to categories
between “Analytic approach” (see: 4.2.3. Level 3 — “Analytic approach”) and “Gestalt

approach” (see: 4.2.4. Level 4 — “Gestalt approach”).

As a result of this Heuristic Metaphorical Concept Fagerhult AB manufactured and brought to

market the first linear light product, Notor.11 km of Notor light lines illuminate a whole building and
its plaza. A new and enormous metaphor.

5.3. Pragmatic lighting design method example: Mariehamn West harbor

It is critical to structure a place-based method to achieve quality results. Each project may be
considered unique and special, and several visits and analytical approaches tailored to the site are
necessary. A good architectural outdoor lighting design example of this is Mariehamn West harbor
project. Our reports that include elements 5.2.1 - 5.2.3 (Concept-Master Plan-Detailed design)
appear in greater detail in the appendices 1 (Mariehamn lighting design concept), 2 (Mariehamn
Master Plan Design report) and 3 (Mariehamn detail design report).
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5.3.1. Site analysis

The lighting designer needs to go to the site and observe the surroundings to understand what
areas should be enhanced through focal glow, what ambient lighting is necessary, and where the
play of brilliance may occur. A map of the site as it exists and the plan of the new landscape design
(if there is one) and camera are important tools to document and locate site conditions of interest.
The site must be analyzed in all directions on foot focusing on popular viewing directions. There
may need to be several site visits to understand the spirit of the place, how to enhance or create it,
and execute the details to create a cohesive and legible lighting composition.

Viisterhamn och Sjpromenaden

Figure 283. Landscape analysis. Photo: Jens Léngvist.

Landscape architect Jens Longvist’s landscape analytical report provided our lighting design team
wirh basic information. Photo: Sample page of landscape analysis report

5.3.2. Sketching

A sketchbook is essential to document ideas. It is important to write clearly, as often the case notes
may represent ‘the moment’, but not be understandable when revisiting the sketchbook. The
sketchbook is also important in the design process; it should be available when creating ideas
back in the office.
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Figure 284. Early sketch of the idea to use lighting composition on the area. Photo: Julle Oksanen.
5.3.3. The lighting design concept

The lighting design concept is the most important part of the project. it follows the heuristic
metaphor and consists of how to capture the spirit of the site (genius loci) through personal
connections and then to relate this spirit to the design team and necessary requirements for a
functional space and place. This concept belongs to the “Analytic approach” category (Subsection
4.2.3. Level 3 “Analytic approach”). Concepts can be created in minutes or sometimes take a year,
depending upon the quality of the analysis, the chemistry of the design team, and the amount of
time available to work on the project.
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Figure 285. The first page of the concept report. See the whole report presented as Appendix 1

The master plan is a strategic method of documenting and figuring out the concept and
communicating it to the collaborators. With the plan, lighting designers have to find lighting
“hardware” and “software” solutions to fulfill the concept design in a practical sense. Activities
during master planning include luminaire selection, lamp selection, preliminary checking of
construction solutions, lighting calculations, and computer modeling.

If the right solutions cannot be found, the concept needs to be changed. It is important to
understand a concept as a theory, but if it cannot work in a situation, the theory must be changed.
This demonstrates how theoretical concepts, when applied to a specific lighting design, create a
pragmatic truth. Experience with real projects matures a lighting designer’s capabilities and
understanding of what can be done and what cannot be done. More information about pragmatic
truth, master planning and the activities that occur within this phase is presented in earlier
chapters.
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Figure 286. The first page of master plan report. See the whole report presented in Appendix 2.
5.3.4. Physiology, Function, and Luminaire Selection

The process of selecting the right kind of luminaires is important to accomlish the necessary
functions of the lighting design. Luminaire selection influences all aspects of the lighting design
including; light composition, glare, and recognition distance. It is critical to understand this role and
impact of luminaires from the beginning of the conceptual phase. Although fundamentally
important, the luminaire selection is not the primary issue in the design process, it still comes after
the concept and composition done in the master planning phase.

Figure 28‘7. >Brando Iur;winaire. Photo: Britt-Marie Trensman.

241



Figure 288. Lighting sections, basic tone and a new metaphor. Design Julle Oksanen. Photo:
Oliver Walter.

Brando luminaires produce a beautiful and humble white light veil over the design area. No glare
and clear contrasts. The pole distance depends on the mandatory face recognition distance of 3.5
m. The basic tone must be higher than Esc = 1Ix in all lighting sections 1-4.

5.3.5. Lighting composition

Once the luminaires have been selected, the composition needs to be re-evaluated. There are
many ways to evaluate a lighting design. One way is to make a preliminary composition with
photos taken in the sketchbook and analysis phase. One can explore with reasonable precision the
play of brilliance, focal glow, and ambient light through modeling in photos and the computer. If
resources are scarce, evaluation can be done on, or through, drawings and sketches.
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Figure 289. Ambient light, focal glow and play of brilliants study with computer. Photo: Mariehamn
Master Plan report.(Appendix 2).

5.3.6. Maintaining the right technical tools

The designer must remember that engineering serves design. Precise technical tools serve lighting
design for function and composition. Luminaires, dimming systems, color changes, fixtures and
energy supply types like solar, are good to add in the detail design phase.

il

Figure 290. Example page from the Mariehamn detail design report. Photo: Mariehamn Detail
Design (Appendix 3).

5.3.7. The right kind of collaboration

The lighting design process entails collaboration between many professions and people. Ateam
united in the idea according to the concept, working in harmony, is essential for a lighting design
concept to reach full potential. Proper working methods and tools are necessary to help
communicate the lighting design concept to get everyone involved and aware of how to implement
the design. This is often the hardest part of the whole design process, because of the lack of
lighting design education in all levels and among all professions.

243



The Team Charter

Wy ot et Sea, Rorvnnd P
What 4re T
WhS A o aach asmbar 40
W (4 ey i e O ot
W AR wS We Ay
Wit e T Tnar's gaie?
WEATL N 8 N mamieny?

| AT Mo TSNt DB Comact
A Concept Map Of The Critical Success Factors Sine Qua Moo Teemes forme
Of A Team Successfully Delivering Sustainable Results '.".:......"""".....:’::..‘.'..""".......""' T B e
| would srvive PEEF b sk O

D e L e
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6. CONCLUSIONS

Architectural lighting design is not an easy task, and there are many parallelities with architecture.
Both tasks have a lot of “tools” in use, starting from the context and ending in the detailed design.

A lighting designer has to have a profound and internalized understanding of all the architectural
lighting design tools introduced in this dissertation in order to be able to create a successful and
aesthetically interesting identity for visual night time city beautification in his/her project.

“Shadow is the best friend of light” and “glare is the worst enemy of light”. “The Pragmatic Theory
of Truth” as defined by myself is an invaluable key to tackling every emerging issue which both
phenomena (shadow and glare) demand. It is also a very important and new tool to bring
architects and engineers together.

Answers to my research questions:

Question 1: Is it possible to create a new architectural outdoor lighting design approach by utilizing
heuristics and metaphors as a problem-solving tool in lighting design?

Answer to Question 1: Implementations of heuristic metaphor treatments are presented in Chapter
4.3. “Introduction of different conceptual examples’. In the Mariehamn project (subsection 4.3.1)
the heuristically analyzed lighting design, the “metaphor element” and “findings” became obvious
to me. Immediately after visiting the site, music and light in combination came to my mind. Rich
nature and an inviting environment supported the idea of using Richard Kelly’s design process.
The scary looking sea created simultaneously a vision of a humble white veil as a contrast to the
black sea. The great vessel Pommern gave birth to an idea to write a poem on the first page of the
concept report, which we did (see: “Den glédande hamnen”). Shadow is the Best Friend of Light —
Contrast: Black sea and white soft light veil — Poetic light. These metaphorical elements revolved in
my head and led to an “Analytic approach” concept. Poetic “touch” and lighting compositions
belong to the “Gestalt approach” concept category. When darkness falls on the Mariehamn area,
electric light embraces the space forming a “Glowing harbor”. The white veil over the harbor forms
a strong contrast to the mystic and dark sea, a pair in life. The Pommern, the biggest 4-mast bark
afloat is sleeping in a glowing white mist, the captain is walking alone in the white glow towards his
home leaving behind only slowly fleeting smoke from his pipe. The harbor falls into a dark sleep.
Electric light was composed to serve this night-time episode which is more or less a dream, a

personal hectic memory of Orson Welles’s “The Third Man”. It was easy to go forward from this
point.

In the Statue of Liberty, New York project (subsection 4.3.2) the lighting designer Howard
Brandston created a marvelous composition of heuristic design style and metaphorical thinking for
this icon. The lighting designer and Professor Howard Brandston: “| pondered the challenge of how
to illuminate this icon, so | took a boat out into the harbor and observed her from various distances
and at every angle. | observed her at dawn, noon, dusk and in the darkness of night. At some point
of the process, | walked to the end of the Battery Park Promenade, sat on a stone wall, and it
came to me: She looked best in the light of dawn. | took out my little notepad and wrote: “Needed:
one light source with spectral power distribution to mimic the morning sun, one to mimic the
morning sky and a new light fixture to project light from a great distance — this will create a lady
with green skin look good.” (Brandston 2008b)

The Finnish National Opera project (subsection 4.3.3) consists of different design approaches like
the “Analytic approach”, the “Gestalt approach” and some hints of an “Intuitive unconscious
approach”. Heuristically the building was treated in many ways. Sometimes the building was like a
lantern, shedding light from the inside out. The stage and the stage tower with its hidden
mechanical equipment are the pulsating, fiery heart of the building. From here the creativity
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wanders to the surrounding halls, lobbies, foyers and other living areas. From these areas it flows
out from all windows and openings transformed into visible light. The building has changed into a
huge lantern, creating warm and interestingly glowing light. When this glowing lantern type of light
is in the main role and the rest of the building is in the dark, people understand that shadow is the
best friend of light. Sometimes light is a message and the building is a messenger. In the dark the
spirit of the National Opera ought to introduce its inner spiritual soul and aesthetic functions
outside, too. This can be done by color lighting and variations of light and shadow. The outer shell
of the building can also be used in the style and spectacularly to proclaim future events. The light
is then the message from the future. When a person approaches the building and gets to the
performance, he will transfer from everyday life to art. The building entrance (in the right light) is
the space for approaching people between everyday life and artistic experience. The hustle and
bustle of Mannerheim Street, a major thoroughfare is behind and great art experiences are in front.
The dancers of Bella Figure from the huge cube are as if dropped from the tower T1 inside the
building onto the stage waiting for the audience. The tower only glows in red light as a reminder of
the performance. Facade and Plaza lighting are slowly moving, breathing red light. For once, it is
fascinating to cross the Plaza. This nationally important building deserves this kind of heuristic and
metaphorical thinking at the beginning of the lighting design process.

The Amphitheater in Ankara (subsection 4.3.4) was a lighting design project where | felt that |
reached an “Intuitive unconscious approach” level in design. A strong metaphor created really fast.
When | entered this building for the first time with the architect Ergut Sahimbas, who had designed
it, | immmediately felt what the solution should be. The Amphitheater is located on the slope of a
dark hill in Ankara. People approach the area by car. They drive towards the amphitheater guided
by car head-lamps. The turning car head-lamps create an interesting light phenomenon. No
specific street or area lighting is needed at all. General lighting is the falling, humble white veil of
light which flows out from the huge openings of the amphitheater structure. From their parking
places people start to walk in line like hundreds of ants towards the main stairs and entrance to the
building. Expectations are high and slowly art starts to fill their minds. Cars in the carpark start to
sleep together on the embrace of darkness. You almost can hear their whispering together when
their engines cool down. When people have passed the stairs they have their historical moment to
be a gladiator for a couple of minutes. They have to walk bravely through an approximately 20-
meter high and 4-meter wide stone corridor under the light which falls from the canvas and open
ceiling. After they have come inside the amphitheater, they orientate themselves under a mystic
indirect light. The huge size of the amphitheater influences the emotions very strongly. People find
their places and sit down to await the performance and observe the happenings inside. The
excitement is palpable. You almost can touch the exciting atmosphere. The ants are in the nest.
The design process was easy to start after these thoughts.

Pedestrian Bridge, Knoxville (subsection 4.3.5). The design area had lost shadows, interest and
happiness as a place. Human scale and spirit as a comfortable and enjoyable place were lost. The
area serves transportation and activities inside the enormous buildings, Thompson-Boling
Assembly Arena and Neyland Stadium. Because of the structure and the multipurpose use of the
site/space, the “Gestalt approach” of design thinking was somehow natural. The lighting design
process was one of restraining and not giving form to the design until all the criteria and analysis
were thoroughly digested. That meant that | was waiting until the form became apparent and only
then put it on paper. This was very educational and a process worthy of development to me as a
lighting designer. When the design had a given form, the result also proved to be appropriate and
according to my professors also quite creative. Many new heuristic and metaphorical elements
were found and used like zoning the area (entertainment, approaching, whispering lights zones),
using only solar energy, totally glare free lighting and color lighting. This “Gestalt approach” type of
student work was also introduced to the municipal authorities, who wanted to continue the real
project together. Unfortunately, the whole bridge project was postponed to the future.
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Question 2: Can we find executable design tools to change the direction of 100 years of lasting
technical lighting design practice into more artistically orientated architectural lighting design
processes?

Question 3: Can we use those tens of thousands of pages of technical lighting research results for
this transition process to achieve aesthetic lighting solutions?

Answers to Question 2 & Question 3: Most of the important executable design tools are introduced
on the first page figure. Most of them have been recognized after they were discovered, but the
communication deficiency and the lack of “transferring” tools between academic research results
and practical lighting design have led to a situation in which those elements have never been used
in a conscious manner in real-life projects. This fact has also had a strong influence on the relation
between artistic people (mainly architects) and technical people (mainly engineers) in the lighting
field. There has been a confrontation lasting almost 100 years between these two professions.
Technical lighting already has a history over 100 years and a legacy while architectural lighting is in
its genesis phase. This long-lasting lack of a common lighting “language” and fruitful
communication between architects and engineers is now at an end, if we want and have energy to
go forward with the most important tool: “The Pragmatic Theory of Truth”, also sometimes called
“The Law of the Pragmatic Truth”. With this important tool, we can “transfer” the lighting research
results to “serve” practical architectural lighting design. It helps the communication between
architects and engineers to find a common language and leads to a completely new architectural
lighting design world which can fully exploit the other important tools appearing on the figure in the
first page. Awareness of those tools also leads designers to create new metaphors, lighting design
concepts, lighting compositions, etc. This leads to a change of the architectural lighting design
paradigm.

More details for Answer 2 can be found in Chapter 3.6. “Shadow and darkness design” and
subsection 3.6.5. Modified use of “Contrast Ladders”, based on R.G. Hopkinson’s work on Scales
of Apparent Brightness, the Law of Pragmatic Truth and whispering lights.

More details for Answer 3 can be found in contrast ladders, based on Hopkinson’s Scales of
Apparent Brightness “modified” with “The law of the pragmatic truth” factor to produce aesthetic
lighting solutions in subsection 3.6.5.6 “Student’s Sibley Hall fagade study at Cornell, New York,
USA”, subsection 3.6.5.7. “Fagade luminance studies on own projects” and subsection 3.6.5.8.
“Practical use of Contrast Ladders; Cathedral in Arras, France”.

Question 4: What are the benefits of using the first-generation pragmatism of C.S. Peirce and
William James in order to utilize pragmatic light technical research results to serve architectural
lighting design?

Answer to Question 4: The answer to this question can be found in the use of “The Law of
Pragmatic Truth”. In this dissertation it has been used as a modification tool to define pragmatic
and collectively accepted “tolerances” between scientific research results of the use of the
“Contrast Ladders”, based on R.G. Hopkinson’s work on the Scale of Apparent Brightness and
practical values in architectural outdoor lighting projects. Wise use of this tool can also save huge
amounts of energy in public lighting. Modified use of the “Contrast Ladders” can be transferred to
serve practical lighting design, especially in the case of low lighting levels, where this modification
process works perfectly without any kind of saturation of sight. If Hopkinson’s abstruse work on
Scales of Apparent Brightness can be modified to serve aesthetic architectural outdoor lighting
projects by using “The Law of the Pragmatic Truth”, then why would this law not work for hundreds
of more basic technical lighting research results? It is also very important to remember that we
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cannot give numerical values for human sensations (smell, noise, vision). Technical research
results are mostly based on numerical values. The benefit is that technical lighting research results
can be applied to serve real-life projects.

*kkk

Conclusion: My dissertation proves that heuristically analyzed metaphors at the beginning of the
project can create successful architectural lighting design concepts, which are specified for five
different approach levels in subsections 4.2.1. “Thought free”, 4.2.2. “Ideas from the past’, 4.2.4.
The “Gestalt approach” and 4.2.5. the “Intuitive unconscious/super-conscious approach”.

The conceptual process in turn leads to an “efficient” use of design tools introduced in Chapter 3 of
the dissertation: “Modern architectural outdoor lighting design elements and tools” (Subsections
3.1.-3.7).
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8. APPENDIXES

Appendix 1 — “Mariehamn West Harbor Concept Design” by Julle Oksanen Lighting Design Ltd,
Julle Oksanen & Oliver Walter

Appendix 2 — “Mariehamn West Harbor Master Plan Design” by Julle Oksanen Lighting Design Ltd,
Julle Oksanen & Oliver Walter

Appendix 3 — “Mariehamn West Harbor Detail Design” by Julle Oksanen Lighting Design Ltd, Julle
Oksanen & Oliver Walter

253



8002780°¢¢ LdIONOMSONINSATIL
4AYdNO SNINVHAEFLSYA 43N0 NVIdSONINSA13

—_mn_:___

% R A
1 i Ca ok




‘uayssnl| susuwey A peuwejWO SPUBABAS I|q
-104 JuBn| 8||NYs apue.ejuo} edid suey uely uayQl
Wwo wos Yoo jaJisugj ed Bujuyoeuy susuuewols
BJOY Spuny UewW WO Wos Je }o( ‘usuweyway
111 exeq|i uatelelols Japa| eulapeubbAq uely

1N Jeww}s wos jasnf ‘ol yoo ubn| | eusspeu
wo eAOS Je} ap ueln BulusAjaq jesedas uobeu

e} Jie 9jul Jswwoy| eulepeubbAg Jepuln sjoAey
paw pje} | apue||oluQ) JeleAs YISAAQ| SUSPE}

Jep “yedsnl) ua 1|q pe J E.mndmv:ma eys|abua
ua( "uelAuBlBA UBl) S wos jasnl| paw
eulejeq Jejesissnl| epfalipul Buls paw JasAjaq
uebbAigsieqews Japunspe .m_a Je wos Jainy
-BULIY "9pUBIBUIOSE) YOOIBINOBA 1B BUISISBIUOY]
“j0ddejel; yoo Jebuebuines jjsuompiuny

3o ed JasAjaq ‘eulspe quuiey ed euseliop
Jgjueno apeJaoe|d Je Wossinjelllle epeAs ews
a( ‘Jepnlgle usuwey WAS us! yoo wous Ae

uabuiupueaue 10b6i[ow yoo Buusjusiio alene|
us || useioeq ebiieu usp Jops|Bea el | epb
-BAq Je wos Jainjewueley ebe| spueyopiel|

‘JoAey | Jel
-wns wos ddays yoo Jejeq JasA|aq uejluayen
In selapjalyal wos jasnl] yoo usluipuesis yoo
JOUNIBA UE||SW UBpeU||IYS JaABywel) usleyuwey
Ae Japuegsnl] ean] 18p “YnsAw Ae Jejsowie

ua Jedeys JojAse|b apuepg|b elo}s sjeasn|y

“Jowa)siayaxes | apieasbbe|in o 1ab BulusA|
-2qJ0y uaba sua|ig (%G.) Piewin Je aiebuebiop
Ua JBJOAISSQO US)SI|Iq JJE USJBUNI|OUUES Bp ‘UBAIU

ZWw/po | pIA 18661 uapieasnl] suspiusaebep

‘wGe

ed JepJeA apeispuswILWIOy el BPARIY 18P JOAQ Jjelal
JB 18Y[IA ‘W Q| B9 Je Jopeiwo apueuyiped jop

1 uosiad apuejow us Ae JapuejsaesBulBluSp]

“Inpjayyles
-lleny susuwey ewloy 1613 ed yoo BulusAjaqg Ae
uonisodwoy us edeys Uew uey Jies enap ed ek

-xa|jaJ sinjewlesbulusA|agbea |ewlou, us Ae SWoy
-pejse wos jaysnl| uap Ae |apap.el} us Je jopiep

"UBUUIYJBU UBJ} JI|g8)N USSUBUJWNIABA

wosJaye jdiexs os Je el 18p Jijg nes enep ed
"(Zw/P2 000S-000€) SUBW(IN} PIA SWONPE)SE WOS
snl| 1op )8y Jeieasjow usuwey | uabulusAjaqpunib
e190npoid Jje 10} SPUBAUE WOS JaINjew.e-opuelq
ap SOy BuIOADISXa|}al | eulapelbsiaysnl “epwob
Je Jainjewle ejsaj) ap ed eulojyfsuonnguysipsni

‘Bulupue|q }jay Jeuyes usuweH

‘euJopis apueljg} ap ed suuly Jsuoiisodwoy
suaiusleA} exijo aq "snlj | uoisodwoy us Je Bui
-usAjaq susuweH "uabeplea eysipay uap |1} sies
-Jow ua |[i} ‘})ewwina | ubn| 38 Ae seu |els suaielp
-ue ‘1aAey apuebbijeu eysisAw apueiwn|s jJop
paw Jsuped ysjuowley us ||I} SB|pUBAIQ) USUWEH
- uwey apuepg|b, ua |13 BulusA|aqg ysuUpL|e paw
JowwinJ SE|PUBAIO) ‘UWEBYJSISE/ JBuU Janow eq

NINWVH 3AdNVAQ1O N3d



(yopyeloud — sieysiH :jodweaxa) bul

-1aue|dsn(] pexoA| us woseq eusaiopielanoAu
Ae UD Je }9( Jebulupuelq eibeu uejn euls)sely
-uoy swoypeise busuodwoysnl) susuwey |

HI1LSVHLINOM

m_J— J_..:.: _

o - m— bl
& bWﬂ »13 ﬁlﬁ.ﬁ%m, E

(oqy ! sinjadwaxe wos) edieys

Yoo ebipA} Sel|sin uey euis}SeIuOY Yoo 8
ne 1611Beyaq yoo ne| Je 1op Jejsowie ysisAw
US UeW JOWWOYPE)SE JJES BJap Bd "SOS Uey
2)ul BUJOJA apuelapyBlyaisnl] op 1k es eJ) Ae
Jainjewle paw sasAjaq uayled eysjebug uaq

SATavdlL

o

(uuner

119p18loud — NAINY :[@dwaxa) Juswajaswng
BJUBSSAJ)UI WOS Je1abuny yoo Jejsowie ysisAw
ua Jawwoypelse Jagnysnl| epuepg|b syeasn|y

d3ganMsnri

(peloud -ueesonp) :jodwexg



i1 da

NEJWNOd NIXHYd

ONINSAT3g 3ANVANY19
-

i

A¥YNY1dSs3

- Jepjesey ysiunal Ae Bujusolsbul
-usA|aq [BWIOU US, JSALYSS] UWey suwey
-alle\ J9J 191daouoysbulusAaq apeboyiq 19q

Joyuysbulupue|q suabuiu

-sg|sButusAjaq jwes josnl] eyA Jop Je oq puess |1
Jayoyusbeuaqgsbulipuelo) apueloysialijeaysnl] eay
Je} 1wwAiin Jey uswwAlin BUUBW|(E IO} JEJEA
-SUB Wos Japja)Je Je 104 Yoo npjaype ed bis
Jesio) wos Jesjany Yoo ‘usugisbuluysioy sysehAu
ap aJeA Yoe] "pleA s}asnl| jeipue jqgqeus Jey
uapJeasbulusAjaq apesapuswiwioyal paw Jaue|ds
-BulusAjeq edwelin ne 1oy 19|e1s! BuusueldsulusA|
-aqunpiayIe Ae usbulspiea apuebils usp Yoo
BuluysloysbulusAjag woul usje)nsal ayseAu ag



NYLYONNYH  WN3SNN MIOYNINOEL0rS NEINNOd £ LLINS

EY SEYTH ONINSATIE
NOLLISOdNOM NIDNI
LEYHLNOD NIDNI 'EATTIND |

!
1

JaJE)

~UBLUCTY

EESHEZZ2LIY 200w o

% w3
Buusijag

‘asebuebalg} [suoneUIB)Ul U
119 e JaWWoy| JeBuUIUSQ| BUIS PaW UweysuUe|A

‘Buniedsaqibisus yoo uspieasn(| ed snljs
-uopJoj Ae ueIaAUl Jwes ‘(BulusAjaq wnuyeus
-%0A1160y) 19snl| BIN6 BYSIdA} 18p J0W JE|apIQ)L
sjasnl] YA Jap ‘(Jopueg) ejje | ewwesuap Je 160j0
-1sA} s1E60 }E Sj0.}) JOpUR| BNIIO | USPIBA BYI|O
Ae sjeyJaned Jey uayes Bulapiaal 1) [ew JIAIQ
Jey UaAe eulauonepuswwoyalsbulusAjag exs
-|UXS} Bp 1 18}ISOLNY Ud WOS Seuweu uey jad

‘uabulusAjogben | uspiead

-do) apuepue|q ap }Sepud ‘BuId)SeIUOY BJuBS
-Saljul 9p BpeYS )ul UBY UewW Yoo ‘Uys juwel o
JeseAsijow j1apiusieAlsiaysnl] 1 jJasnl ‘seye; e
uabuauodwoy eysiuopa}yIe uap Jawwoy uab
-UIUSQ| | UBPJBA BYSIUNS) ap Jepeaq Jjsepus uew
wO “(snl] 1@40Aw seuuly JexIaA 18p J1e s)oJ) eiq
8]U| JBS UBW) SIWES JaWWAIN | J8)sesjuoy eljiys
-In e ueBew.lo} Jijg pawJep Yoo SUBUIWNIABA
us euulyjeu syebo ed Jeyesio }1oQq ‘enap JoAuys
-8 JopJeaddoy eboy joq (zw/p2 000°0£-000°02
UaSSEPSHOII0)S | BIA apuelapialial ud ed Je 19s
-n(| spueupys Jny=sueuiwn| susbuiusAjagben)
apuepue|q Je }asn[7 ‘Bujuaibwio) apeId||03uoy0
ssap Jebwely Jap1usieAlsiaysnl] Jn "RIUSIBAIS
-Joysnl] paw pjiqpiusiniy@e us 104 Bulusg
NIAp ud Ae uonejuasald us Jebojiq Jey IA



DEN GLODANDE HAMNEN

(Y]
=
=
4
-l
|
]
w
o
=z
<
[=)
Lo}
pur
o

(Kiasma utbelysning)

ESPLANAD

(Y]
Wk
(A
'rr'a:"l:'ail‘i:" !
A
ﬁ:"p'r;‘,r,
W

Wl
Wl

OO U

LA .t’!I‘{:i:t:;:l':f‘:’}i“:,'i‘:’l:‘,*
) "l'"'.p":"::#:'i:*:":'::’:’a:**‘a
ey

wnlenlinted
N ;'# ';‘l' LA
AN

{ ;J‘.;l (A
AN
AN

) ff‘f";:f
¢




o5 0z 0 0

NVLVONWYH NINHVAYNSTIONT  NIQYNINOHOrs Z L1INS N3QYNINOHLOrs b LLINS

Fl

A SB[y
Buusfjag

Jang Busfieg
JauE}

ALY

JBJE]

=~LIBLILLIOY
16y fow 'i't_!.
Buursfipel)

573
i
mmm

uebififug
Japun Buusfag

[ Upk'ex) =3) o

AANERAANREE I Evur o

{ Url'ex] =3) 1 =3)
A ETT 3 4
TEJBULIOJSUET JEY T SUBLILLIN 1EJOULDJSUB] JEY T SUBLILLN | o
eipbBpeysg yansi 104 e10B5ypgysg Yensin J04 Vs
isao 1 x3 isao
Buiusfiag

Bujusflag

“Jawiwn 1o} 8ssaJjul 1o Jedeys uspJieasiaysnl|
| JauolelieA Yoo Jauonisodwoy aialy suul 12a(s

s||Aiddn uspien apelapuawwoxal aq(y
"eBoy 404 sjur usw ‘ebipioed|| Je uspleasn(i(g

18y sepey usjlels exlow ebibeysqo sep
‘snl] 16eAeA AN 3o Ae seuwejwo usuweH(z

‘J|Iay seuyes uaplenddo) ejequa|j0Juoyo yoo
eboy ap ne Jouep oy seuxes usbuiupueig(l

:BSe| UBW UB) Jauol
-1sodwoysnl| susuwey Ae USHIUSIEA] B)IO 8p N




NY LYDNINYH

o “X0Z
— 156 NESI
Buusfjag
jo feig,
Jsué;
~UBLLLIOY

OljEpUSLWILIOYES
sA) apuBul |

Y3 "Huenuopiay
‘G=Z - ShreB
uBUIWLEY | 18

JBEU _BOUE|ug

0} 1SPRILIO LDO

#'0

RAMRRARNR

WY LYDNNYH WN3SNW

( LrL'ex] =3)
LAY
JEISWUIOSUET JBY ) SuBUILIn|
ei0B6NpEYSE YaNSIA 104
isa0

NITYNIWOHLOrs NEIWWOL £ 11INS

JAIE]
~UBHLIWIY

seil epuepo
gh| apueui)

BB 1sfjag yoo

AN RREANR eI M o r e

\ X3
Buusfiag

"Jowiwiny 1o} assaujul 1o Jedeys uapleasjaysnl|
| JauolelBA Yoo Jauolisodwoy a1s)y suul 12A(s

s||Aiddn uspien apelapuswwoyal aq(y
"eBoy 104 sjur usw ‘ebipioed|y e uspreasn(i(g

18y sepey usjie)s exiow ebiiBeyaqo tep
‘snl) 161yeABA JAN[| 118 AB SBUWBJWO UBUWEH(Z

‘J]ay seuyes uapleaddo) eieqla||0J3uono yoo
eboy ep ne Jopep Y8y seuses usbulupuelg(l

:ese| Uew uey| Jauol}
-1sodwoysnl| susuwey Ae USRIUSIEA} BXI[O 8P IN



HILTVM H3IAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr° SNITIOIM VMMHIS IMTLIMHVYSAVLS / AVLS SNVHIIIVIN

‘SeNUONg ‘wonsog YLed SUMUNESIOAQ

ugIsopLIonALuUNg JO SIOQUISIAI

UIS[9H 02100
[3ES[UQIONABUN
ION[EAN JOAT[Q) SOTJO [EINJONTOTY

0odsg 0v670
4 01 snuLeIsswnyef
uouesy N[ ‘Joid p3| uSisop Junygr usuesyQ N[



800Z°LL "0 Ueld JoIsel
4AYdNO SNINVHYHILSYA d3AQ NV IdSONINSAT13E

734/ ddvia g
W i




uspjiq
ed epjew Je uspelwo j ddej3 yoo ue|d Ja)seln

snll-a31 JBpuUBAUE BY|IA ‘ JnjEull 1usAjaquel] suwey woul asebuebaigy yoo Jefuoid us Jijq uweylsisep ‘ueid

ejIA Jwes Jodwe|po|BiAieluiw Yoo ynigein Joy -alIe\, [[BPOW AE JE w.n.;.“t esbulusAjoquel] suweysuep Je Jeysuo i) 1abueb aiajy puepisAL pisield poe ed sigiuousb  usuwey spuepg|o),

Jodwe|po|b ‘(dwe| apijey |ejow “Bud) Jodwe) seusobbAig “eusainie ..e 000] Jesaonpoud yoo ual|ey| | Buuywo jsal peujsoxaq uabs ed A 191deouoy Ny Jsuonelisuowap wouab jwes

|lelawijinw eysiwelsy ‘Apalip 4N3 spuewwoy aleyJaA||) e}siols sedol | uIzznB| uweu Jey Bueb sjepjaloid sapun “aieslaA||l} ejjduoeu Jodwe| yd0 Jainjewle Ae us|eA paw esiaed
161jUs ‘ejjeysnl| wos JapueAue Jainjewle e|\y pIA aleylaA|sbulusA|ag v_mwm“ ysualjey puey -J9)ul paw sjagJewes | eusainjewlesbulushjag Jeuwe I Jodwe| Yoo Jainjew.e g} |Ayeysiay A

Ud AB SB)JBA||I} Opuel :wc&._oﬂv_:vo.a seu £]B000] |20 -Opuelq 1eo8AIN }j|njsbioswo -18y ua 49} Buiupeysddn us jwes* |ejue ‘Jebul

‘wnuiwnie Ae -Jajuaonpoud | eubey amm: euJainjewse Jey IA "USAIBIIP 4N3 apuewwoy ap Jebul -190e|d eseuiwiaid sesap ‘IainjewsesbulusAaq

Jainjew.esBunsiusiio 600z ebeg e|eysnl| wos Ae usuBisap yoo woeqieuisyesolld bulushjeq -usQ|sbulusA|aq Ae jo|eA | opuepiesq | ibe) Jey IA Ae Us|eA eieuiwijald Bp IBJBJWO UBUEB|H JoiSe

e

_.‘_. Fn_n_ﬁm_.;_:-m_
g o

} 713d /| ddv13




HILTIVM H3AITO IHTLIMEY @ NINVSHO FT1NF 'H0dd / ALT NOISIA ONILHOIT NINVSHO IT11NF SNITFOIAM YIHHIS IMFLINEVSAVLS / AVLS SWVHAIHVIA

‘uabuiupainsbuiubBe|punib Yoo pew syeiseuny
-ewJe ed pjin eb6e| uew aysew uaue|d J9)SE |
“JIA BJJRW PElEW JEB UBADSX3)}9Y Jepau yoo jed
1 AN A -dn apeq josn(| Jejapio} wos ‘|ap ysndo us yoo

i i T 1 gnisBuluppejinseb ysiwelay paw ppasiol MO
edwe| us Jey uainjewly € g |10Y! Iuizznb)
. | |lepow Ae Je eusalayuasn( “wnjuiwnie Yoo [eis
g Ae J|InySBIOSWO SexIaA||)} BuIBINjewIe -opuelg
doy wou4
& =
g




‘eu
-JB3jueq Japun SeJs||ejsul Wos Jainjew.le— ouop
0)su3j paw Yoo eusainjewse -opuelg eboy Jaaw
G ‘ ebipisus ap paw epesis JIAlq Jey eusainjew
-Je uas|nod sino yoo ebag “ed bBis spesaseq
eusapeulsoy uayia ed usueld aiebiply usp 18}
-}esia BulusAjaq |13 Bejsio) eAU S}opEIWO UWEH,

DI0TEUL U (0}

.







HILTVM HIAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr SNITIOIM VMMHIS IMFLIMHVYSAVLS / AVLS SNVHIIIVYIN

1_yiey

ysiuowaey alepiedwoy| Jaw jj[e us Jijq }Jopeiwo
suweylajse/ egy yoo snlj A apuepglb j3e paw
apeJwo 161jus}dasuoy 1o swoype)se jes enap
ed ‘1epeswo |-dde)3 ed Bujupesuo) us wos usu
-wey apuep|B, uap paw Uloso|l} paw Ja)JEesuo}
I\ ‘Jopelwouwey Joj }obe|sig) apejagiewo 39

"(18)[BAM JBNIO B UBUESHO B)IN UBIBIBUE|d) PPAYSPUEI]
8PEW WOINDL] e JBISnIIN Jeinjeuuy

g Ju Buoyyng ansnpjul

8151.045ZH POyPINPOId

£Q 1ewoye ] wsg 1sewsbulusAleq peng s |

£620GSY -PO¥PINpoId
1S M9 V 0£Z M MOSZ dL LI IdH dAW pooyidQ sdiliud 18 €

"Us)SEW AE uaddoy | apessjuop
60rZSSY ‘poMPnpold
m:.._..ooo_.d._cz_..ﬁx:homn_}c‘:o_m_:_uaOmn___:n:mw @

juswepun) paLu Ja|[gy 1exJeA;3
AQ uelod igluesansn

[l BT TNV

‘wg opuelg

JBMUEQ JOPUN JaInjewuy
0£0°99 HAY OLSN3



HIALTVM H3IAITO IMALIMEY 8 NINVSMO ITINC '40dd / AL NOISTA ONILHOIT NINVSHO 3IT1INr

SNIMIAOAM YUMAHIS IMILINEVYSAVLS / AVLS SWVYHAIEGVIN

woooe 0522 051 000
000_ ) ) )
ST LWL YOZ €VT LTT LVT LLT SB'L ¥O'L ¥O'L S LLT LZT EVT £LT K0T 8FL om__.-

BF'L G8') £F¢ 19C GLZ SG'C PSE IEE G8'L S8 LEE ¥SE PLE 19T LT EFT G891 8P

LT €8T ¥F¥ 00G 8L'S LS¥ S5F OEE 9LT 94T OLE Ovv 245 L0S 00S vry 28T OLT

ZL'Z 98T 8¥'v 80°C 62 ZOV §8% ZE'C OLT 9LT ZEEC 05F 6LC €L'S 80'C BbY v8T LLT

€92 L0V 920 08°L 91’8 B6'0 819 92V L€ EE'C B2V ¥2'O 6B 20/ SOL 02O €8¢ 092

YOV ¥69 ZL 9L LI €1 Il PE9 6% T0G FEQ LL 9L LI 9L Ll 96 66T

806 166 9l €£ 8 ZZ 9l 89L €6 09 GEL 9L 62 BE Of Ll 8LL 95F

€29 21 L2 €6 €2 6C 12 TL6 899 6EL LGG €2 09 EEL 19 Ve €66 859

056 L || 829 ¥ 8¢ T0E 19 SZ L 0L SBL LI 8 VEL 69L 0¢ b 865
00y || zeo s or I1SE(P§9 €L 9 LI 1€L 6L Ll BT €SI % €0z 1€ L 009
909 £1 L€ £91 FeE 6F €2 0L ZBY9O0SL 0L 52 06 9K 601 9% 0L 595

8L9 TV ¥C U5 ML ME OF 96 ¥8'9 SEL 9L6 Z ¥r SL IF T ¥L6 555

18% 6£® Sl v 92 Ll bl SEL vOS 98S OvL ¥l €2 L2 £ bl L. I¥F

BE 029 0L ¥b Sk LL ¥G6 865 ¥BF /6% 865 666 ¥ S ¥l 0L S¢S 96¢€

85T €OE €S 6L ZF. LOQ 05°G SL'F 0EC OEE Sh¥ 0SS STL €E€L 921 PP 99% UST

60Z Y82 L¥¥ LOG 225 8SF vob OEE GLZ GLZ OCE ¥+ 6LG €0G 10S 2r L9Z 60T

8kl 58V YT LT SLT ¥ST €5 OCT ¥8'L ¥l OTT €5C LT 9T T9T £FT 99 8L

921 L¥'L Z0T ZVE SZT GLE ST ¥8L €9l €91 PR ST GZT ZVZ TLT €0T 8¥L 9L

W00z

‘Bujupue|q apuelgls

19|19 sueuiwn|fo|s

US)JeA JEXBSIO SpEePjlLIEpaU Je JoJA apuelapis)}
-aisnl| seusainjeulle 1. 18p UsAY PUEBWIN I|qJ0)
Ja)seljuoy efjiysin e uebewio) Yoo sueulwn|
-fo|s uobeu ajul Jop sedeys jes epop ed yoo

Jey Jouaysuew Wos BAIU USP Japun e pelbs)o
-ysnl| seuaq uays jubn| 118 4ab JoApsxa|jalsnl|
sopuelg "eiaonpold uey eulodwepan

-[ISYOIAY SPUBISB]ISIXS Op WOS }8p }}8qqnp JOAQ Je
1o)AIPBYasN]| sesaq Jodwe|elawininw ANQ.L 9P
-eysnuin Joisddopn eysiwelsy paw ‘ejeusibious
Uo0 eAlpayasnl] 1004w ap ejeysnl] wos Jey
opuelg "eusainjew.se opue.g ebipisen} yoo-us
ap palu uayyel) ee| uap o} |y usbulieoyissey
ebijfow eysboy usp seuddn uabulusA|ag pay

dVH30NA0Hd OANVHE INOS NIAHYASNIT

W 000E 052z 052 000
wo_ ! } : l
BBZ PSS LL G2 BZ Gl BG6 BLF ILSC £6C @@ 0L 02 LE LZ Ll £8PV ¥EE

¥ZC 699 Ll L. B0L 92 2L 095 8. 09E LG €L SP ZZL LS bl #LS 02T

el || 1eezeL 12 mmm_@m W ©L 009 ¥8'€ S8E LL'G Gb U6 gLl Il P19 LTE
LEE 024 6L 2vl 92 €€ El 965 £9°C G8E 09 Gl 59 /BZ 9L 9L S0'9 9TE

PLE 2O $L OF 26 6L L BZC 89C B9C [EC ZL 82 S5 LE €L 8€T g

¥SC ELF 088 9L Ll LLOSL4L LR B80C LLE 9Ly 008 #L BL SL OFE SO% 0SE

9L’z 6V'E FL'D 698 SL'6 BY9 YRS vYE 0.7 LLZ PPE 26 vPS 816 LS8 £0'9 6% FLE

95'L €27 Z9C 19V OB [O€ GLE ZvZ 661 10T ZvZ 9L QLY 98 LIV 6LE 1T 651

woooL £8'L T ELT SIS VEE BLT LT Z6L 0L LUV 6L LT ZZE GLE WLE ELT UL EEL
[TF =B« LR

L [TET )

L) o0 41 ol 41 o0 o5k

- 40

11 £ 13

w6 o6

«501 501

A «0T1

w511 <051 gl o1 591 -1 124

‘Bulupue|q ueln yay PwwAinn | wikl

JlIonsia sedeys SIA Bllap ed "eulainjewle Ae
uajayJeu eleqapawo uap | uawouadysnl| 1snqol
118 UaAe JawwAnn 1 uayssnl| Juwel yoo Juoys
119 wojnlog} edeys uey opuelg }e JesiA uajhy)
-eyl0)ep apeboyiq uaq "eipuesen uely pueisaed
-|0}S W /| B9 paw eusa}oyd|o}s apueIa)sixa
uepal ap | Selg||eisul euiainjewle-opuelg

NOILMNAOHLSNI1 SOANVHd

‘usuwey

apuepo|b usp Ae josnl| | uslelpuea Japs| Wos
‘|lobos apeusbejae sulowwod Ae Jejap Wwos Je
JOADISPIB}a) apuelaonpoldsnl] siea ‘ejiexsnl| piys
-ua us wos Jessbuny usq ‘ewsley ebipuUIsaqo sy
-ebog Aaiydwiny Ae Yoo Jolp|nys epaiq sopuelg
uolle|\ Ae UWEU JIS e} Jey uainjewle opuelg

MOAHLLN VTI1INSIA SOANVH4



‘uabuiu

-WAYS | uaielpueA je uajeisisel 1n Jexad yoo Jow
-winJ | }seqyuoy Jedeys usbulusgisbulusAjaqg ey
-sbulupue|q yoo ebijos uaq "uswwAin Ae alles
1sA|ddn juessaujul ua Jedeys uabulusAjagyueg

‘uedwe)

-101sA| g1 MOE Bo Je uejeysn( JeuoguexAjod
Ae Jejsaq uedey] “winiujwne | pexJaA||l} Je uap
yoo sejddoyauias je Jeb usp e dA} uepes Ae Je

uainjewly “Iainjewse 0g0'99 HAY S:AQ olsug
seJs||ejSul JopeiwouwRy | Bule)UE] JOpUN

I OMISHA

08/1 snexed

wwoee ‘ZHOSG AOEZ €1D/81 MOEX)
uisie|eAOuof* [IWIN

690/ L2 :0Jug

¥690.127001¥9 :NV3

0£0'99YAY :1ddAAL




uML—m-.ﬂ: ejeds?do] -

J19sA| wos usjayus -e}e220] "jepau yoo jeddn

‘spuds jasn(| wos euleB apeq esA| jje seld||ejsul uey usinjewly ‘M GG

-UlupjU elauIquIOY e eiq uaAe Jeb jaQ el He|

INVLSNOD 7 XNTNA WeIsQ [|spow A Xniq

10} Uspa| Byshuewol ap yoo Jebis ddn esA| jje -a)n 1o} uedwiepQisAAyeluiw us Je uejexsnf]
10} SPUBAUE Jepau jasnl| Jopuds Wos ua||apo ‘se|BsppAxs 118 Jwes Jajusuodwioy|els elysol
‘ped) yoo Jouonypely esAjaq je Joj spueaue jeddn Uoo wniuiwnie Ae Jgjseq usinjew.le -ejeod0|

1991)S B}ED20]

894} B}E290]




HILTVM H3IAINO IMFLIMEY 8 NINVSHO FT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311N SNITIOIAM VMMHIS IMTLIMHVYSAVLS / AVLS SNVHIIIVYIN

WeISO JOIUBIBAS| | BIBNIBA|] MGG 1UBISUOD T XNINQ WeIsQ edwe|; 1S6
ueled / XNj@es  IQIUBIBAS| / SIBNIBA|]) 1901)g —98I] BJED00|  Jnewle ‘IS
WeIsQ  IQIUBIBAS| [ BIBNIBA[N MGG 1UBjSUO) T XNINQ WeisQ edwe| 1S G
ueled / XNj@eg  IQIUBIBAS| / SIENIBA|]} 99i] B)EOD0|  Jnjewle  }SG
WeISQ  IQIUBIBAS| / BIBNIBA[) MGG 1UBISUOD T XNINQ WeIsO edwe| s QL
ueled / XNj@ag  IQIUBIBABS| / BIENIBA||]} 1984)G B1ROO0]  Jnjewle  }s Q)

weisQ  JQiuelaAs| / alexIsA|ll TaMOES/MOL DL—IDH Jemod welsQ edwe| 159}
uelod / UIzznB|  IQIUBIBAS| / BIENIBA||]} MOZ X Z Bipisjeqgn@ / WG opuelg  Jnjewle ‘s g

WweisQ IQJUBIBA8| / BIBMIBA|I}  JUBISUOD OH 078 / MbS D4 WeisQ edwe| s 80l
uelod / XNj@ag  IQIUBIBAB| / SIENIBA[) MPS / 29 dI Jaid Bleoo0]  Injeule 1S gL

1713a /7130 | ddv13 ¥04
UOdINVYT HOO dFUNLVINYY SONINSATIE HIAQ VISIT

}991)5-221) B}BD20] -O=
@al) B}ED20] O

j221)s B}E220] O

opuelg mm

saqna 3617 —

J121d ejeooo] —




NI ANEINNG J

AB UOlje|[B]SUI IA JB|SBI0} Usjuswa|ase|d A.e

‘JopayssbuLo uepls alul ed Wiy Jepy us paw selaujwe| ap

-ue|dfjelep | sessue|d euloxolysn( “eulainjew.le e 1A Jejsauo) ‘sesaulwe| usaxoolqse|b |jey Jopis
-opueig paw Buepjwes Yoo |uowey | Jesebuny ab6eq ed seiise|gpues |[e)S }ie IA Jg|selgy’
UO0 SPUENO0]| USX00|qse|B Japo|B jJopeiwouwey se|b | HbeniswoyeA, BAU sulswWOod Wos 9|
| eWWAYS Jeflgq jap eq 'JojAse|b suaxoo|gse|d -opj[e ‘o "yoso|ybie} spuepQ|d suweyselsen

ed jeddn snl| jis Japlds ey|IA ‘JQISA| paw JoXOl Ae [9p BijusaseA us Je Yoo|gse|b sjeasniy

00°L+

DNINTTYLSLN
“S14MTlEd




L | L - LA e

\

v

it

-l

uswinT

‘Jepau jsepus jepqu

yoo pysBulupuelq yay Je snl| ssep yoo pwob

Je Jopjapyaisnl] suainjewly “ealu boy ed Je jop
-ueJsjesnl] yoo Bue| Je uspbue|sAl] Jdyus -q37
M#p ua ejeysnl| wos Jey uainjewle g0z ebag
InjewsesbulusAjagsbunisjusiio usba us suuly
uainjew.elel) Ae epis alilea ed ‘ww QG Ae ploy
us ed ey} jelel} | syues wos ‘60z ebag Jainjew
-1esbuuisjusiio sebag Je eusainjewsesbulusijag

‘usuwey | 161)fow wos jopJel) yels

€S US puess ||} g} e Jgj eJ} Jesefwousb esely
B paw Je usinjewlelel] ‘}se} sejnq wos [eys
BuSol AB JOADIS|B)S Z Ak diely paw uebbAiq |
sjse} eusainiewlelel] - Jainjewlelel]  wniue|
-[ow w G paw seus|ejsul eusobbAigsiegews ed



-uowap e Jes Juessalul 13 “JaUolel}Suowap

(aseuweyauepy ddnib yusuiwoid ueuue ed Bis epunib s)sew JebulusgsbulusAjaqg ssep
uoBeu Jajje JojQWepa|as|aIAISSPElS SUWBYSLIEJ yoo Jajels Bis | aloid Jebe pe Je 1op pe )
Ae e)saq euuny ukinf apuny siajadwaxa) “uayn uew Jasul asjapAiag eBIIA SUISWILIOJHE
-yeud | sigyuouab uepas [eA BAIS||0Y SEY|IA uew e( “Jainjewle/ JusWis|SaE: =
‘aieuwleyaLie)\ Jsepus Ae eisaq aploq ukinp “Bis JEP|L piEXs paw Isjse p

10} J|js e1asi[e)bip Je Jseq epue Jop S.0A sield He ||y JspugAue ue

ed |jej alieA epeysaq uey psisA} uew uejse SpUEBI]S "I9jSews
‘(pn uis Jey usbuus|jeIsul) Jejjeny apuel|o) eipue B Sl Anlj us Jedeys bt 0 SR
-1eA ed JeBuiusgjsbuiusAjog exijo eisnsuowap -Wwiod Yoo usb \[og6bA1g "18301d Boy pasw
JE S10A [9p SUISWWIOJ 10} BUIEBUIUSQ] BIoNS [exs ebljerIsio) Ae si06 BulusAjeq sulswwod N Y

. L BT VT

:
¥

-



"JopeIWo Jojuen ewwoy

-2.0} uey| | bulupue|q apuelgs Je elepy es Jo}
-Axa|jo1snl| seuseiseyjenis enpayaboy eubejaq
160y op Je ‘Jopeiwo Jojueln Joue| Jopje spuds
ajul JasnljopAu, uejse ‘jeusw Je 1ap HeA JIp
1epju 1asnl| Jey uew uejn Japeswo ed Bujupuelq
apuelq)s Jeyesio ajul uabujupue|q sapuelgls usp
e es ppAyssbulupue|g-spejy woysng pe paw
Se)OE) JOAQYS( Ja)sew sjepyafoid uwey soy
eulejseyessedwe|elawnnu | BUI0}AXa|aIsn[

‘wo Jejpuey jop

JeBuuiepien Je 19Q * }J9pelwo A. aiepueAue suwey
-alIe\ 40} 1oybisAw apueudde|sae Yoo ysisAw us
Jedeys usp usw ‘alexoxayey us ue IBiaua aipuiw
Jeyniqloy BulusgisbuiusAjaq syueyb66Aiq syapelwo
-1 ddej3 e ‘19)souny us Wos ‘seuweu ew }18Q

plejuoyusyeA BLeauoy el :/
1ejweq ‘ppAys 1Bipuessiing 9

‘es)|le JjopAjaq ssep-L9 dI

‘usjieA Jow peppAys Je
uajeledde |eA uny Jabue uelyls eipue uap uepaw
‘Wwep Yoo "ASO |BWaIQ) SpUBLIWIEL) JoW PeppAYS
Je usjesedde euq Jny Jobue uelyls B}siQ) uaq "ol

-JIS Z Ae sIABljueA Jejsaq uapoysBuliaolissely

‘uspeA

yo0 wuwep woses joy aipA jow ppAys susjeled
-de Jobue uabuuaoyissey ‘1oyie) sisjesedde
ey sLIele elalulap e 1o} edoing | spueAue
wos walsAs 11 Je 1awalsAssbuliaoiissey-d|

*/9 dI Je ssepisppAys suainjewy

"Nigajn Joy} JQISA| Juelsuo) swelisQ ejeysnl
WIoS JapueAue ey[iA ejedd0] dAy Ae Je eusainy
-ewly ‘BulusAjaquuwey apuepg|b eAu suwey
-18)SE/\ JoW Y20 }aAey eljsAp 1op jow suelb
apuedwep us wos esabuny jeys uaq ‘bBulusAjaq
Bianl) us e} usyuexb6Aiq |jexs 1e1daouoy 161jug

NILNVHOOAHE AV ONINSATIE



HILTVM HIAINO IMFLIMEY B NINVSHMO IT11NC '40dd / dLT NOISIA ONILHOIT NINVSMO 311N SNITIOIM VMMHIS IMFLIMEVYSAVLS / AVLS SNVYHIIIVYIN

‘S uONg ‘wonsog YLed SUMUNESIDAQ

ugIsopLIonAung Jo SIOqUIAIA

UIS[9H 02100
[N3E[UQIONABUN
IoY[eAN JOAT[Q) SOTJO [EIN)OINTOTY

00dsg 0v670
€ 01 snuLesswnyef
uouesyQ N[ ‘Joid p3| uSisop Junysr usuesyQ N[



800Z°L1'8Z ONIYINY I rv13d
dAYdNO SNINWVHYHI1LSYA 3AQ NV IdSONINSATI




-US)eA Jje Jopep ‘ Jainjewlelel}, paw spesio "eulainjew.e Ae usbuusoe|dinis

i uaue|d Jajsel\ | eulainjew.e -18ld ejedd0| B)jBJ USP S||e)siayes jes enap ed Jejedsbul

‘BulusAjagiselu sufewiwogd Ae uab -J9xJew paw eultasie|d exuew jje wouab sjeld

-uIU)S8) pawl puequies | Sio woush usuolessuo ‘waysAssbulujew|s Ae Buusueld ||} ed seiob usbuuaoe|dinis 1oq usyiyeld | ‘euss

-waq "Bujupuelq uein snlj ., ‘..mv_ﬂmEmEEon_ 196 Jopadxa s}oxIaAS 10} punib wos Jessbuny wos -Injew.e Ae eusebuusoe|dinis eseulwigid aq(g

ey|IA ‘JodweioisA| JAjeIuIQUEISURD WeISO MGS ‘Be|sio) 3o sob eusainjewle Ae uabululfys 104(9 ‘BuJalnjewle ||} Juswepun4(g

seJs|[ejsul eulainjewese AR Ul BySsIawwod ‘| [2ad /1 ddey3 ;13 Joyaq)niew "eusainjewle ed usye (1
uap ed ‘(wWw Jejeas) use: K A Paul Piejuoy palIp -1e 10} |Ay|exspeulsoy yoo Buluynigionbiaul(g
BleALIoy Jsepus Joje||i) WOos BAIUSPPAYS 9-d| Ud ‘(19841 B1BOD0] ) USSE}

Jey eulainjewle-isld B}B390| ‘plioy 1 UBAP a8} ue|d Jayse|y Japun |13 Buebj|i suuey sjul nuue jJap "JopeJwo-| 13¢

e

10} BUJBINBWLIE -18ld B uey UeAlu

wos |ap siainjewle ap Joj JsjAy|exsbulusAjag(y exioadsin

L 13a /L ddvl3




HILTVM HIAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr SNITIOIM VMMHIS IMFLIMHVYSAVLS / AVLS SNVHIIIVYIN

o
W37 T 10L < PP 150 JB0E AE
0L06Z L 09681 0FBL 00zs 0LOLE
0807 0zL ooz ooz 0862 h-108 Zz Z dAL dNLYWeYdYry
orasl OF8E 000k 0001 000z ooz ak b dAL ENLYWEYHEYry
EEIE 008w [iv:13 006 06682 oLze 6 J3YL 133HLS YIVIO0 U
SEbL 008w 0001 00§ 0508 (o[58 G 3341 YLvI00L4
1LL6E [alof:id 0002 0001 0L6LE 1] 0l 133818 ¥1v3004
0998 - vl 0091 0oze2 0062 8 D10187388NA CONYHS
)
w/BI01  JE19QIE JuSWEepUN) [[=lel] |E101 . b
2oL [BleqieEqey OO0 JUBWEPUN JUOHE(EISUI INjeuLy  [adjojs+ Jnjeuuy  adjojss Injewny Injeuuy diy 14y ey
JspeuisoysiayjeH
maazl BRI
L'EL 8O0 06E vo'0 Z0'0 lz [ INWDOAHE) Z dAL BN LYWHYHYC Y
"L 800 o0ee lzr'o w0’ 0F | (NHINWOd) b dAL HNLYWHYHYTY
0. 65€ 800 006 e 2o 5 | 3341-1334H1S V1v000Y
£6'56 80'0 loosE ] |s0'0 S | 3341 vivooou
e 561 800 loose l1g'o ls0'n o 133618 W1v0D20Y
s'sry 800 006 96'L l£t'o 8 Oanvi=g
FHIIYNLSON SLJIH0 DIHY] YUMWLNID Sidd IDHINT Hy/QlL 1980 MWLD3443 WLlOL MWIE103443) & dAl HALYAEY]

Jopeujsoyibisuz ebiy

NH3IWWOd

saqna 1ybi1n

(NIONINSYHYIESAVNLSOM | ILNI HYONI ¥IFUNLVINEY) Quopf 0)su3g / yauag

1991]18-9931) B1EDD0]

[}

=
8%0Z«1L+6002,£V238 0
?3J) ejEd20L B

o

19231]1S B1ED20]




HILTVM HIAINO IMFLIMEY 8 NINVSHMO FT1TNC 'H40dd / LT NOISIA ONILHOIT NINVSMO 311Nr

(1A) M000Y e usinesadwa)sn]

Yoo (gg-08=e¥) g1\ Je usassepsbuiudaiddnsn[q
"0%8 19[e} GE0G WIou-N|Q 161|us Je uainjew.e
soy joxapuisbuiudaiddnsnl] yoo uaignysni

‘eulayied yoo eusaienys ‘eulojeb ‘euseb
-eA ews ebisAw ap |3 Buswndosnl] 4o} JajAyiey
apeJasiolep Ae djely paw spelawido ebou

SNITIOIM VMMHIS IMTFLIMEVYSAVLS / AVLS SNVHIIIVIN

Jejasnl| Ae usbuluiapigy yoo -usbuiysiesni
‘usjay|ey Ae usislieny e||gjsiexes Jie o) 1eyiay
us wos Jod|0)s paW SeJaland| BulaInjewy

Jolleny eBQY uIs o) puBy g WOos HqWS XN|es
ualeIaA||l} BYSA) USp AB SEXISA||I} BUIBINJBWIY
‘PINS Yoo sinwis Jow ppAxs ab je 1o4 6oy 1o30Aw
Je G9 d| ssepisppAys ssap Yoo jajjeny 6oy Ae e
-9)ew ebijueAgljiw spueAue uainjew.e -ejesdo] |

(MW 0G e JoNARYasn(T)

910z e |11} Jodwepan|isyoIAY e|je Ae uabujupuea
-ue epnlqoy usAalIp -dn3 ||exs eusayibddn
a)seuss ap 161ju] ‘seyeysAe UsARalIp -dnNJ
eAu ap wouab wos eusodwe|sbuiuppelinseb
BeAIPaHBUI 9P ||1} JeAs suabep Je aq ‘M/W| 06
B0 JE J9)AIaUasnl] siea {(Jueisuod GG T xning
welsQ 'Xa'}) ynigain 19} epelawndo Je wos
JodwepoisAiseidwe| epjua eAu paw apejsniin
Je aQ "uayosuelqgsbulusAjag woul usjeynsal
2]seuss ap Jessjussaldal eulainjeuwlle -ejead0|

V1vOOO0Ll

(ebewuagysbuiysiesn(]) buuysjesn(] yoo eutapojawsuoipinpolid eysioyn ne |1}
SpueAUR WOS Ud||japowsbuluysio} Ae . plIqINS,, sdAjojoidsyLiqe) xnjag : uapjiq |

Japojawisuoipinpoad Ae Buipoaan 10} dAjojoud -xnjas




HILTVM HIAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr

1 1S

}991)S-991) B)}LID0)] -O=

000

0es '

oDl

—a

s

}@91}S B1E2200] -0

SNITIOIM VMMHIS IMFLIMHVYSAVLS / AVLS SNVHIIIVYIN

VNAFAUNLVINYYV VIVIOOL VI13ISYININOM 3d

291} B}R220] O=

[

00G6e

000S

000S

00S¢e




HILTVM HIAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr

90 [ M

90 € S

I S 12}

Sl G e

€ ol o

] Sl I
ulw ‘x| uiw ‘x|

3 (W3 exponT

SNNYYEWIOASN]SIE[EA UOSEIENEEA

"seuddn ye| GL°0 Jeyuwels

-BulusAjaq 1oy Busolissey suejhben ejen usp
Jie “epjuiA euepes | e Bulisjesnl] suainjeuwy
'CW/po | 19plen Ja

"b) Je usylel) BJE| USP IO} USSSEIY
4oo eV Je UeueqIQy JQ) uassepsbulusAlog

JeBujusioyueld }sepus Jey jJopeiwo
Yoo y/wy Qg Jopun Je usbuiusuelbagsiaybiseH
‘usben wo uepis esapiea ed wG‘g Je yuel; je|

SNITIOIM VMMHIS IMFLIMHVYSAVLS / AVLS SNVHIIIVYIN

4. o= WE W=
v 0 AradHn -
058, eqanje
|
eIy
oI 00T 09 o=
GY+aiTY 13 Y+ddin . _| NVYLVONINVH
il N BSSRISNYSAY
1+
preply | oseL [ og Hl2+0d+W wew oo
.-..\ll]u npeyiuo
050 00
[T M |
OOV 0§ Al3+dd+w wE Wy L
e
ose] eanje
—_ 1
oFE o e (214 e
elat] 09 (Ar+dd)3tn o, ——

-pUMSIBAQ USsueUIWN| EBIje)apaw USp Bp SWOoY
-peise enaq "eAlu By Us Je USYIIA ‘% G/ JOAQ
Ae uassep | Je Japuly 18 BISAISS]O 1B usjayy|
-ouuEes Jje Je uassepy -ey Ty paw epob 19g

10} BUIBPS| YO0 W 9 Je ppaiq sueueqloy Jep
‘ wnjuaospes | ejeblwoy, us Wos JapueAue
19)49ABRA WOos Jassey ap jB1jus ‘seloouls
-sepy Wwoab uis "e'6-d apuny uejebuweH

uabuiusAjaq -ejes20] Yoo uejebuweH

50 Sl SL'0 #'0 70 50 SV
S0 Sl SL'o #0 ¥'0 S0 a1y
S0 Sl SL'0 70 ¥'0 o'l eply
S'0 Sk SL'0 9'0 ¥'0 o't e
50 oL S0 9'0 ¥'0 g'l ra\
S0 o] SL'0 90 ¥'0 0 LV
uiw XBw 9, uiw uiw Ui uiw “,w/po
Hs 1L n 'n N “I
exen BAIMY
expon]
snisiejea Asieyiey
ugjsuedw A -0)s3 Issueuwin| uepelole uesew el ueainy




HILTVM HIAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr

-wAlnsuone|eisul | Jiewlou, Jeys usbuieiuow|y

“JusIoleoY W0 ssap "e'B'd Yoo pew exsuawo
-ab ssap "e'6°d BipAlago Je uainjewle ed uabuiu
-}SE[SQPUIA “JojoWelp Ww 9¢-00) paw Jed|o)s
10} Bis Jedwey| }oluswepuny |-rS Yoo wWw QL

Je Jojowelp suad|ols B1eoo0] jJuswepunyd|o)s

-l M'S | SeJBlUOW BUJBINjEWIR -}931)S B}EeD00|

* dNn3 Yoo NIO ‘NIQ ‘JID ‘Buweu uew apuny
sinjedwiax3 "Apjalip Yoo Jebullswiou ebiapious
e||e uap.eA eysiuyalsbulusAjag Yoo exsiuys)e
‘eysiuesaw suainjewlle -e}es0] Jal|g} Jopep Yoo
yJaAjeusBululjesio) JjjouoneuIB)ul 1§19 Jey Xn[eg

"uexon|sbulsjuow woxeq jabejeq Je wos jow 1991} B12000] A UsBULIBJUOI

073 06) e D513 (1) s

PP

& &1 o o5t <

I} BNjE MSIEEA,

wo09g 00°EL 000
8.0 r T L]
- < = T 7 7 AN T T \ 0z 08
00k | I c_m ] m.__. Gl ﬁ oe I Ohm .WN Sl U oo [
0€ 0z S 0z %
/ om\m.F /E = 8\8 e E\ Nk 8(
14 0g 5L 02
0€ —0g -0E- 0E -
,\E //mfprcm [\2\ //E/
=G Il\m__. oL l!/..lm—. _— oL rr!fm_. —
.....III\O_. \l\\\\\l/h 0L \Il\\l\lllll.!r!l.llh/l\l
— G~ m{m S
woook |

Buniese|d Jajowiz | e6oY WG 19a.41S BJRID0] paw uelebuweH

SNITIOIM VMMHIS IMFLIMHVYSAVLS / AVLS SNVHIIIVYIN

Jewwny

000+% &2 (1} sebddn uspnsbuluueiqigy ebile usp
Yoo Jewwi} 000 0z Je pbue|sal suedwe] ‘wniue|
-|]aw sie g euwel paw seiQb aploqg eusainjewse
-e}e000] soy Jodwe| Ae }8}Aqin eupung|abai Qg

eyv

pob us Je ueueqiQy JQ} uabulaolISSEHSUOP.IOH
'GY pob ua ey ne| 4oy uassepsbulusA|aq Je
uepis ejjesjow Uap ed ‘epjlewsn Je uapieasnl|

OET 8T 08 08
£€Q €9 14 1In

NEr OFT  OLE 0001

n r 13

T OuIEJ

o0 |y ssep 1 Miyed) je| 194 ueniusbulusAjaq Je
uepisiesnw ed ‘(bujuin| siapelb G| | Buusjuow
1 32ubifow paw) Bulujess yeibea | Je eusainy
-BWJY ‘Wz | Je eused|o}s Ue|jdW USPUE]SAE
uepaw ‘wg Je uaployd|oys Jep udwoab suejeb
-uweH 161jus suolb Jey uabuiuxelagsn( “ulleg
| wnuojeloge|sbulusA|ag s xnjeg/xnpJadwasg
soy uapJepuels -3|9 161jus epew Je sadeys
-uaba sbuuysijesnl] suainjewue -}19a4)S BIEOO0|

uapaeasbBulusAjaq }99.1)g €}LI20]

9e1-001
ATEBALA

-8 £19L09F
(LU § -URS
(1 eany) IVISATVI-IS

0zl o-1
SN0

| oany

wwol o
opyneledeey
UaLIAOMLL

yanfugiees
eddnjefons "

VIONSIAONING - 4
iwnyunnl




HILTVM HIAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr SNITIOIM VMMHIS IMFLIMHVYSAVLS / AVLS SNVHIIIVYIN



HILTVM H3IAINO IMFLIMEY 8 NINVSHO FT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311N SNITIOIAM VMMHIS IMTLIMHVYSAVLS / AVLS SNVHIIIVYIN

‘1oAY Boy wouab sedeys jasnl| Ae usjepue epjalipul usqg
‘('A'$°0 ‘dn3 ‘IAA ‘DOINTF/NOI ‘N3ID ‘T1D) AB Je Injewle -i¢ g ||0Y! SJeA }ayuasnl] suss
*JOUOIIEPUSLLLLOYNSI D0 JSWIOU B|[auoijeuIs)ul -Sep-19-d| 1uizznB| us Jey usinjew.e -opuelg "1 e6 e 161|6eyaq Jiq yewwnl e 1gb Yoo Peye
BYSIUBYaW YO0 BYSIUN)[D B|[e Ja||A} usinjew.e apuepue|q SpuUEBIQ}S Ud Jelpulylo) }a)|IA dieys Je
-opueig e plio) wos yey Jey uspeusiew e|jauol "Jejdeouoy [9)UIAS||ejul }9sN[T "JslawW G| Je Ja)ewelp Sjaud
-BUJBJUI BPaIQ USP Bd USJBYWESHISA 18)I|BAY 1B1jus usbujuaiBwo JeAQ elols us wos spuds -wousysn( Jawiwing | uswiAl JaAeywel) Wos
eboy uls 1o} puey Je wos ydg suojzeuiwnj| lu uepes wos ‘Bulupue|q apuelols JeyIApun uew Uo0 }a)nigAeo Jebpo} wos uswousysnl] pels
-1zznB| uaiexlai|sbulusAjaginialpe exysusiel Uoo ‘usysuew Ae uspeibsjeysnl| Jeseasiow snl| 1o ddn JasA| snl| »jaJip 10} 3ido sieA ‘injewse
BPUEY USP AB SB)J9A||l} Bulalnjewle -opuelg SS9 "BAIYSX3|J8J JIA W X W} us Ae BulupueAue ua Je ualnjewJe-opuelg ebipisjpqgnp uag
OdNvydd
.too.n-. On.h. ooo.
ooo_ - ) Loy TR ]
- G024 0 INoj0) \q
TN t - vLvg-Lva 1o}
— g, o b = T * soido pool4 apip Al pue Pool4 SPIAA POl paxif Bull |jids
sl \.QN oe\ Mv N\ r//o«. ,
o
ow o —ov nm__ T i ¢ IN0j0D
a/; o’ v - Loza 8eva-Leva-reva-zevd
0z oz ——— P 2 " 62va-Yeva-€2va-82va-Leva-leva-6Lva-LLvavlve
€1vg-01vg-60vg-91vg-G1va-11vg-L0vg-90va-G0vgd 10}
wooLy ~ — uonnaquisip |eondije 1o} J010eljeY
e an ;_Lw "Jopeswouwey ed eulainjew.e -opueig ebipisua uap
paw doy |ea Jessed epaq “snl| aseuwel 118 Jow uspapjiies) ene| usp ed usbulusAjag seayequol es nap
- - ed ‘wuoy(e|Beysnl]) ysnndije ua || uswousysnl] epunt BBIIP SOpUEBIg Je|puBAIQ) |L0Zg Uasul| -|jlausald
= S 0el 08T OT1 08 0Ly OEf  OLs OOTT 06T 01-9  B9I-BTI T8 1T9L09¥
” o OO QUL OO WOOOOD LOOORD OO RGO oo 8y w elsmeyey st
£ 79 19 In n Ip P T ouleg snaIoy  Q[[ERAAL 1ddidy ~OUES
ww an m s m (1 eany) IWISATVI-IS
woooe 05z 052 0o
oo ! _ ' q e
G2 LPL POE ELE LZE LIT LVE SE'L PO POL GBI LLT LEE ELZ ELE POT BFL wN—I [~
8% S8 €T 19T SLT 55T ¥ST 12T GBI S8 DT ¥ET WAT 19T 19T tFT S8 8L
LLZ CBE vy 0DS BLS /5% G5¢ O2F G/C 94 OEE SbF ZLS LOS 005 vow ZHC OLE
ZVT 9BT 8¥F¥ B0'S GG 29V 85'F ZE'C LT OLT TR 0S¥ CL'S €15 805 GFF ¥ET LLT
€07 10% 920 08 01D 560 91’0 92 IEE £5C OZ% Y20 604 29 SUL 029 9% 92
WP P69 2L 9 L EF LE ¥E9 MG 205 WED M 9 L 9L LL 965 66C
905 166 91 €0 96 @ 9L 9L €LG 0D G6L O BT 66 OF Ll €LL Y ww g @
€29 T 4T €6 €2 66 T 046 639 65L LGB €2 09 €L L9 VT €60 €5 opineedeey Jia Tn
LN | -Th- T T - 48 ST M ELSL W ' ¥ 6L 0F | 965 UBUIADALL ra
050 L | ze9 s o isE € € M IELBEL L & 6 €T 1 T 009
99 €L M €81 ¥ZE 6k €2 O ZEO 05L 0L S 06 E¥e 60L 82 Ol 9%
B9 ZF FT L5 K M€ O 796 ¥BO GEL WG KK v Gl ¥ I VLG S99 n H
Wy 688 S ¥T 92 4L bl OEZ FOG 909G OFL P EZ L2 £ Pl WL PP
L6E 029 0L FL S1 Ll VH6 865 YOV 6% 965 666 ¥ S ¥l 0L S¥S S6€ JAnmUIEES
852 COT €¥S 622 ZvL LOD 055 SLF OEC OCE Si'v 056 T2 €0 9TL WK 89T 52 w..&.:l...v.ﬁo.awl..
BOZ PRE W WOS ZZ26 BV ¥S¥ OEC GL2Z SL2 OEE #SF ELS €05 WOS Zvw IGE 60E &
8¥L SUL v V9T SLT ¥ST TS 02T ¥EL VAL 02T D5 KT 29T 20T ©MT L WL N W S YIONSIAONN - | )
BZL ¥l 2T 2LT STZ GLT SL'T WL COL £OL vl GLT SZZ ZLZ ZLE €0Z @vl 921 T el ownnl » 4
wone e




HILTVM HIAINO IMFLIMEY 8 NINVSHMO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr SNITIOIM VMMHIS IMFLIMEVYSAVLS / AVLS SNVYHIIIVIA

B _ } -1 uondas

S|Ie1ap uoNIBUUOYD

doj wo.4

004k

S0FL

00DEL _S—._ 00EL




HILTVM H3IAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr°

SNITIOIM VMMHIS IMTLIMHVYSAVLS / AVLS SNVHIIIVIN

‘eppes ugjes eusa I I[ ]

B nquiouab |&_

Jainyeully “eusoduie)

-InjewJe Jijg JepjuiA ssap Jn "epwob J1jqio} eulo}
-Axa|}01 11 ‘es uaw ‘pob Jijqio} usbulupudssnl
Je ‘es uainjewJelel} | Ul Ssejues uainjewle-¢0z
ebag 10q ‘eAlu apuelgls ed Je usbujupue|q
apuelQjs uap |ey "eusadeysuabasbuiupue|q exs
-uelb ye ed PiA 10)s sebbe| apioq usuolelisuo
-wap pIA 19AeY uelj Alpjadsiadsddays In eppas
yoo eulsobbAiqyseb ueluy jsepua suhs Jo}Axalyal
seuJainjewly ‘snl| sjpusysuew JeleAsjow Wos
uays }}o edeys uey IA e JesiA uajhyjey apebojiq
ua( "19ABY J0W Y20 JOPIS SUISWIWO Je Uays
1611AN[| 118 Jab ey|IA “Jainjewle -¢40g ebag paw
SBJSNJIN UIBWWod Jojuwlel) eusainjewlelef} 0L ag

wniuiwnie 1 Jainjgwle-ebag jesy Jesehwousb,
AB 1a1aXOIUS ed sexgA||l} uaunjewJelel]

00L

NIANLYWHVHYrL

‘BuiusAjaq uwel us edeys e ajul JeAel)sIayd
IN ‘BulusAjagsbunisiuslio wos uaAe Jesabuny yoo
Jowiwing | wiAl |ap uis 1o} Jedeys eulainjeuwlly

SZTX 02y

|- s6
|-ott

o~
|—ozt—|

€v0C vO34

€0z ebeg
600Z BOeg— |

.
.

——
—

0oe

oog

(=
=1
L
—
——

00g

600¢ VO34

4005k

2£°2

ET

SEX08L X 0L
Buedo pessesey 2 a



‘uabuiu

-WAYS | uaJelpueA je uajeisisel 1n Jexad yoo Jow
-winJ | }seqyuoy Jedeys usbulusgisbulusAjaqg ey
-sbulupue|q yoo ebijos uag "uswwAin Ae alles
1sA|ddn juessaujul ua Jedeys uabulusAjagyueg

‘uedwe)

-1o1sA| g1 MOE Bo Je uejexsn( JeuoguexAjod
Ae Jejsaq uedey] winiuiwne | pexJaA||l} Je uap
yoo sejddoyauias je Jeb usp e dA} uepes Ae Je

uainjewly “Iainjewse 0g0'99 HAY S:AQ olsug
seJs||ejsul Jopeiwouw.y | Bule)UE] JOpUN

I OMISHA

08/1 ‘snexed

wwoee ‘ZHOSG AOEZ €19/81 MOEX)
uisie|eAOuof* [IWIN

690/ L2 ‘0Jug

¥690.127001¥9 :NV3

0£0'99YAY :1ddAAL




HILTVM H3IAINO IMFLIMEY 8 NINVSHO IT1INC '40dd / dLT NOISIA ONILHOIT NINVSMO 311Nr° SNITIOIM VMMHIS IMTLIMHVYSAVLS / AVLS SNVHIIIVIN

‘Sey uoNg ‘wonsog Yied :SulungsoAQ

UIS[9H 02100
[3ES[UQIONABUN
ION[EAN JOAT[Q) SOTJO [EINJONTOTY

0odsg 07620
4 01 snuLeIsswnyef
uouesy N[ ‘Joid p3| uSisop Junygr usuesyQ N[



Julle Oksanen is a doctoral student at the Department of
Architecture, Aalto University. He researches the relationship
between lighting design and architecture. He is a lighting and
luminaire designer, and his company, Julle Oksanen Lighting
Design Ltd, has projects in USA, Europe and Asia. He has also
designed luminaires for international luminaire manufacturers,
both for standard production and custom based. He holds the
degree of Master of Science in Landscape Architecture from the
University of Tennessee, College of Architecture and Design.

He is also a PE (electricity) from Helsinki Technical College.

He has visiting professorships and other academic positions at
various universities in London, New York, Ithaca, Philadelphia,
Oregon, Tennessee and Norway. Julle Oksanen and the architect
Professor Hannu Tikka are part of Group X, a focus group at the
Department of Architecture at Aalto University. They form a “Light
& Space Academy” arranging travelling educational activities in
the USA, Asia and Europe.
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“SHADOW IS THE BEST FRIEND OF LIGHT” (author)

Architectural outdoor lighting design, as a process, is at the same
time also darkness and shadow design. Darkness fascinates us
as human beings, but its design needs exceptional skills, open-
mindedness and courage.

Let us imagine a hypothetical situation in which the lighting
designer begins to design a lit environment with total darkness
as the starting point. The lighting designer begins to remove, or
eliminate, dark layers from the total black background, removing
darkness layers one at the time, until the desired lighting degree
on the designed surface (e.g. on a facade) is achieved. This kind
of “shadow design” is a professional way to do lighting design.

The lighting designer is a shadow designer, who treats his/
her task as an artist treats the canvas by painting gradations of
darkness using light sparingly on illuminated surfaces, thereby
using a whispering light palette as the design tool. Shadow design
can be compared to oil painting techniques. French researchers
studied Leonardo da Vinci paintings, including the Mona Lisa, to
analyze the master’s use of successive ultrathin layers of paint
and glaze — a technique that gave his works their dreamy quality.

Almost 100 years of this intransigent technical lighting design
era have made glary and high illumination level city structures a
context for new lighting designs. The fascination of darkness is
totally missing. The only way to succeed with such city structures
is to dismantle the old lighting installations and start from
darkness. Some cities are considering such lighting renovations
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