
 

Photometric parameters and visual performance in road
lighting
Citation for published version (APA):
Economopoulos, I-GA. (1978). Photometric parameters and visual performance in road lighting. [Phd Thesis 1
(Research TU/e / Graduation TU/e), Built Environment]. Technische Hogeschool Eindhoven.
https://doi.org/10.6100/IR117059

DOI:
10.6100/IR117059

Document status and date:
Published: 01/01/1978

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.6100/IR117059
https://doi.org/10.6100/IR117059
https://research.tue.nl/en/publications/cbba9ce9-2eb2-4db3-a7b1-00217f0b8c61




PHOTOMETRIC PARAMETERS AND 

VISUAL PERFORMANCE IN ROAD LIGHTING 

PROEFSCHRIFT 

ter verkrijging van de graad van doctor 
in de technische wetenschappen aan de 
Technische Hogeschool Eindhoven, op ge
zag van de Rector Magnificus, Prof. Dr. 
P. van der Leeden, voor een commissie 
aangewezen door het College van Dekanen 
in het openbaar te verdedigen op 
dinsdag 24 october 1978 te 16.00 uur. 

door 

ION-GEORGES ARISTOMENIS ECONOMOPOULOS 

geboren te Alexandrie/ Egypte 



Dit proefschrift is goedgekeurd door de 
Promotoren: 

Prof. J.B. de Boer 
Prof. Dr. J.F. Schouten 



Synopsis 

A survey of the actual traffic situation as to it's volume and in particular 

with respect to the relation between lighting conditions and accident rate, 

has been given in chapter 1. 

This survey serves to define the problem studied in this thesis , namely 

measuring the link between photometric parameters and visual performance. 

Chapters 2 and 3 give a detailed description of the preparation of the 

experiments and the procedures followed in carrying them out. 

They were aimed at the determination of visibility distance in real 

traffic conditions prevailing on three sites of motorways in Greece for 

a variety of photometric parameters of the lighting installations. 

Moreover, these parameters have been subjectively appraised. 

In Chapter 4, the results have been analyzed and the conclusions drawn 

from these results are presented in Chapter 5. 

Finally Chapter 6 contains comments as to the possibility of specifying 

road lighting quality taking into consideration the results obtained 

within the framework of the view points on visual performance developed 

in CIE Committees. 

* * * * * * * * * * 
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P R E F A C E 

In many countries today questions regarding the necessity of road lighting, 

its possible benefits and quality and quantity required obtain much attention. 

There are a number of reasons for the actuality of such questions. 

An important reason is the potential danger created by road traffic at night 

and the well confirmed fact that accident probability is diminished con

siderably by road lighting. Another reason is the energy consumption of 

the road lighting installations and the investment of public money 

required. Both are relatively small when compared with the energy con

sumed and the money invested for other social facilities. Nevertheless 

they are substancial and worthwhile limiiing as far as justified from' 

a safety and comfort point of view. Public lighting is literally "catching 

the public eye". Therefore, economizing it's energy consumption and 

investment sets an example showing in how far the authorities take energy 

conservation and public economy seriously. 

For these reasons we need to know how far we can limit the amount of light 

and the size of the installations and therefore, the amount of energy and 

money required without shortening the potential capability of accident 

prevention providedby lighting. Such knowledge can only be gained from 

a clear insight into the relationship between photometric parameters and 

the quality of lighting installations the latter being a determinant factor 

in accident prevention. 

The search for the relationship between lighting quality and accident 

prevention requires very elaborate investigations in terms of both 

facilities and manpower, investigations which would surpass by far the 

possibilities available for the present study. 

On the basis of the results from accident statistics summarized in 

chapter 1 of this thesis it is justified to assume that the benefits of 

lighting with respect to accident prevention are mainly due to the 

improvement of visual performance. Thus, a worthwhile contribution to 

the general problem just described can be obtained from experiments 

directly aimed at the relationship between the photometric parameters 

and the visual performance. 

./. 
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In the present investigation an effort has been made to establish 

the relationship between photometric parameters and visual per

formance under conditions approaching as much as possible those of 

real traffic.-
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1.1 

1.1.1 

Chapter 1. 

The problem considered from the significance of road lighting in view 

of traffic safety. 

Traffic situation in particular with respect to traffic volume 

and safety. 

Traffic development 

From the beginning of our century motor vehicles have had an 

important influence on our lives. That this would be so,had always 

been clearly understood and expected, but what was probably more 

difficult to predict was the extent of this influence. 

Today, about 70 years after the appearance of the first motor 

vehicle, one might call our century the century of the motor 

car. 

The number of cars, their development and especially the role 

they play in our lives, creates a unique situation that for many 

people is extended far beyond the pure statistical analysis and 

reaches the sphere of psychological research. 

The increase in motorized road traffic from 1946 to 1965 is 

shown in figure 1.1. 

Figure 1.1 
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Increase in motorized road traffic 

from 1946 to 1965 (De Boer 1967). 



Figure 1.2 shows the rise in the total number of motor vehicles 

for some European countries and for the U.S.A from 1964 to 1974. 
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1.1.2 

This growth in motorized traffic has brought with it certain 

problems. These problems were anticipated as follows: 

" If we consider the impossible traffic conditions in some places with 

the traffic density prevailing today, the present rate of increase makes 

it obligatory to take far reaching measures to avoid a state of chaos". 

(De Boer , 1967). 

The problem is self imposed and the solution to it is clear. To 

avoid traffic complications we need to ensure the easy flow of vehi

cles, and therefore we need a suitable road complex designed in a way 

that will allow this"easy flow". 

The introduction of the word speed when speaking of motorized 

traffic, introduces automatically the concept of safety. 

Motion with exceeding 100 km/h on wheels with a momentum 

corresponding to that of a moving mass of about 1000 kg involves the 

risk of a fatal accident. And the limitation of this risk has become 

the aim to many working today in various fields of traffic 

conditions, with a common target: the reduction of accidents. 

Accidents 

Table 1.1 gives a brief survey of the situation resulting from 

the actual traffic conditions in Europe. 

In 1971, there were 76 762 people killed on the roads. Regardless of 

the statistical analysis and percentages and only taking into considera

tion this absolute number, one must agree that it is difficult to accept 

without doing something about it. 

The causesof these accidents are various, and it has been found 

extremely difficult to the accidents according to the exact 

cause in each case. 

On the relation between accident probability and cause, statistics 

are usually not available and only a rough classification of these data 

can be made. 

./. 
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Table 1 • 1 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 19:71' 

Holland 1. 839 1. 873 1. 956 1. 889 2.218 2.290 2.442 2.636 2.657 2.809 2.879 2.868 

w. Germany 13.528 13.559 13.463 13.413 15.263 14.613 15.589 15.737 15.279 15.285 17.472 17.069 

Belgium 1. 029 1. 019 1. 046 1. 084 1.203 1. 227 1. 169 1.222 1.235 1.290 1.400 1. 588 

France 7.698 8.423 9.076 9. 167 10.055 11 • 021 10.926 12.225 12.717 13.028 13.437 14.265 

Italy 7.680 8.385 8.923 9.015 8.971 8.202 8.238 8.644 9.016 9. 187 9.386 9.275 

Luxemburg 75 - 78 83 91 75 80 76 96 94 115 76 

Denmark 697 801 765 757 848 960 959 1 .020 1 .020 1.103 1. 109 842 

Great Britain 6.517 6.360 6. 189 6.415 7.258 7.346 7.400 6.762 6.273 6.798 6.883 7.001 

Norway 294 356 336 341 363 395 398 453 443 436 512 500 

Austria - 1. 528 1. 512 1.682 1. 855 1. 707 1. 745 1.945 1.945 1.888 2.051 2.216 

Portugal 620 699 751 729 852 858 959 1. 014 1. 095 1.167 1. 309 1. 501 

Swedem 970 1 .020 1. 022 1.126 1.202 1. 204 1.168 968 1.133 1.158 1.158 1.093 

Switzerland 1 • 17 2 1. 288 1.262 1.217 1. 305 1. 219 1.215 1. 336 1.337 1. 444 1. 527 1. 622 

Ireland 294 314 322 316 319 342 362 394 415 438 503 538 

Jugo-Slavia 981 1. 062 1. 025 1. 079 1. 342 1. 609 1. 932 1.945 2.400 2.759 3.276 3.769 

Finland - - - - - 976 1. 017 890 860 929 973 1. 041 

Greece - - - - 656 686 724 715 684 726 832 797 

Poland - - - - - 2.334 2.578 2.850 3.239 3. 199 3.266 3.592 

Spain - - - - 2.227 2.482 2.881 3. 156 3.351 3.433 3.622 3.621 

Czechoslovakia - - - - - 1. 520 1.604 1. 718 2. 177 2.026 2.026 2.067 

Hungary ... - - - - 6o6 714 744 953 1. o64 1.259 1 • 421 

Table 1.1 Fatal road accidents in various European countries from 1960 to 1971. 



It is well known that an important contributory factor leading to 

fatal accidents is poor Poor visibility can be due to the 

road geometry and various other visibility obstructing factors, but is 

mainly due to night-time driving. 

The lack of visibility at night, sometimes related to a relatively 

high speed, reduces the driver's reaction time and, under certain circum

stances may lead to a fatal accident. 

The visibility at night time can best be improved by road lighting. 

How effective this measure is,is difficult to determine. Statistics 

giving the direct influence of road lighting on accident rate are not 

available, and the road traffic conditions vary so considerably from place 

to place that it is difficult to compare even existing researches. 

The Royal Society for the Prevention of Accidents, London, England, 

has published accident statistics for Great Britain, valid for the pe

riod 1946-1965. 

The most important finding to emerge from this publication is given 

in figure 1.3. 

% 

i 

Figu~e 1.3. Accidents statistics in Great Britain from 19~6 cO 1965. 

(De Boer 1967). 

Curve SCDL: Fata 1 and serious casualties in daylight(l00%=201.325) 

Curve SCD~: Fata~ and serious casualties in. darkness(lOO%: 50.480) 

Curve FCDL: Futal casualties in daylight (100%=5.012) 

Curve FCD~: Fatal casualties in darkness (100%=1.796) 

(The 1950 values are considered as 100%) 

Curve M Total number of motor vehicles.{The 1950 value is 

taken as 100%) 



In the U.S.A. in 1965, 53% of the deaths on the road occured at night. 

(Ketvirtis 1967). 

In 1965 in Great Britain there were some 106.000 fatal and serious ca

sualties of which 41% occured during the hours of darkness. 35% of all 

casualties occured during the hours of darkness ( MoT 1969). 

A Breakdown vf these casualty has been given by Christie(l968). 

In 1968 the percentage of fatal and serious casualties occuring during 

the hours of darkness on the southern ends of Ml and M6 motorways was 55% 

and 44% .(Duff 1971). 

Fisher (1967a) reported that in the Melbourne Metropolitan Area in 1963, 

the night accident rate exceedL~ the day rate by about 2:1 for 

and about 5:1 at the worst periods at weekends. 

Chapman (1969) found that between 1958 and 1968 the night injury 

accident rate on an unlit four-mile four- lane dual section 

of State Highway 2 in New Zealand was, on average, twice that during the 

day. 

There is also evidence that pedestrian casualties are adversely af

fected by poor lighting conditions (Smeed 1953). Fisher {1967b) has re-

ported an of accidents occuring in Victoria, Australia and by 

using the parameters 'severity index' and 'severity ratio' has shown that 

pedestrian and multiple vehicle accidents tend to be more severe at night 

than during the day in both urban and rural areas. In addition, in New South 

Wales, the number of fatalities per injury over a three year period was 

found to be 1,6 times greater by night than by day. 

Taking into consideration the fact that night-time traffic is usually 

less dense than traffic, there is clear evidence that night-time 

driving is associated with a higher risk of accident involment than daytime 

driving, and that night-time accidents tend to be more severe than daytime 

accidents. 

1.2 The effect of public lighting on road accidents 

As mentioned before in 1.1.2, it is difficult to determine 

accurately the reason for each accident. It is therefore difficult 

to determine exactly the effect of lighting upon road accidents. Most of 

the existing investigations have been of a statistical nature and 

./. 



although a number of them are not firmly based there is a considerable 

amount of evidence to support the hypothesis that street lighting serves 

to reduce the number of road accidents occuring during the hours of darkness. 

In Britain one of the most important on the subject has 

been an known as the "64 Sites study" (Tanner 1958). 

The more important findings from this study were that: 

1. The number of injury accidents in darkness was effectively reduced on 

average by 30%. 

2. The number of injury accidents involving was effectively 

reduced more than injury accidents involving other road users only. 

3. The reduction in the number of accidents involving the more severe 

injuries was greater than the reduction in the number of accidents 

involving the less severe injuries. 

Since traffic and speed conditions are very different for motorways 

than for all-purpose routes, it is important to ~onsider also thi;1 aspect 

of accident investigation. 

A study (De Buffevent, 1956) has been conducted in France on the 

Autoroute de l'Ouest near Paris. Accidents on a 4,5 km stretch between 

02.00 and 06.00 hours were excluded as the lighting was switched off 

during these hours. All categories of accidents were reduced by 39% and 

damage only accidents were significantly reduced by 37% in the lit section 

at 

In Switzerland, the Bureau Suisse d'Etudes pour la prevention des 

accidents , found from a research carried out on a total of 125 km of 

roads, that accidents (all types) were reduced by 36% due to improvements 

in conditions. 

Furthermore, Walthert (1974), from the above mentioned Bureau, shows that 

road at night increases with increasing road surface luminance up 

tos-s cd/m2 (see fig. 1.4). 

In Sweden in a similar study, in TRANSPORTFORCKNINGKOMMISSION Report 

No. 60, a reduction of 48% was found. And finally, in Japan(Fujimori 1973), 

it was reported that a reduction in all types of accidents of 56% was found 

after the installation of 

./. 
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The evidence provided by the existing investigations is strong 

enough to convince those concerned that public lighting reduces conside

rably the number and severity of accidents. 

This evidence guides the scientists dealing with lighting to focus 

their investigations and proposals on one task: to find the lighting 

conditions needed to minimize, within the limits possible, the risk of 

accidents. 
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figure 1. 4 Relation between night time accidents (%) and road 

surface luminance .(Walthert , 1974). 

1.3 The problem and our approach to it's solution 

Many specialists work today on what we could call the traffic problem. 

These specialists could be divided into two main categories: the traffic 

engineers, and the lighting engineers. 

Traffic engineers are concerned primarily with the total load of 

traffic in various circumstances. They investigate to determine the road 

geometry, construction and signalization needed to create the conditions 

necessary for a smooth flow of the traffic with as much safety as pos

sible. Accident figures lead to statistics from which conclusions are 

drawn concerning the effectiveness of the techniques used, and impro

vements are made wherever possible . 

. /. 



Lighting engineers investigate and apply lighting as an 

additional means of increasing safety during the hours of 

darkness. 

Lighting engineering started with what we could call the 

"geometric photometry phase", In this first stage, people 

dealing with lighting have been concei~ed mainly with cal

culating and measuring illuminance and the construction of 

the necessary equipment. Luminaires have been developed 

and their photometriccharacteristics have been determined, 

with the aim of providing uniform illuminance on the 

carriageway, 

When science provided the lighting engineers with 

additional means and possibilities, light engineering 

entered its second phase, which could be called the 

"Physiological phase". New concepts and magnitudes were 

then C<'nsidered: luminance 

- glare 

~ veiling luminance 

- uniformity 

threshold increment 

and techniques were developed for the measurement and 

evaluation of these magnitudes, Calculation methods for 

public lighting were developed, and these soon became so 

demanding that they now have to be done by computer. 

The application of the techniques learned during the 

physiological phase tend to lead to a public lighting sys

tem that will provide the appropriate visual performance. 

When adequate visual performance has been achieved 

it can be assumed that the combined efforts of the traffic 

engineer and the lighting engineer will then result to a 

situation that will permit of safe and more comfortable 

driving, 

This combined effort is illustrated graphically in 

~able 1.4. This table reflects the points under discussion 
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in CIE Committee TC-4,6. 

The various characteristics of the magnitudes and techniques used 

in the physiological phase are today well defined. Visual performance 

has also been by many specialists for a number of years. 

BUT WHAT IS NOT YET KNOWN OR BEEN DETERMINED,IS THE LINK BETWEEN 

THE PARAMETERS OF ROAD LIGHTING INVOLVED IN THE PHYSIOLOGICAL PHASE 

AND THEIR EFFECT ON VISUAL PERFORMANCE. THIS MISSING LINK WE CALL 

"THE PROBLEM". 

A lighted road should not only be safe to use, it should also 

provide the driver with a certain of visual comfort. Visual 

comfort should not be disregarded, as the lack of comfort can affect 

a driver's capacity to react and might, therefore, lead to an accident. 

ALTHOUGH THE IMPORTANCE OF DRIVING COMFORT IS REALIZED, THE PRE

SENT RESEARCH WILL FOCUS ON THE PROBLEM AS DEFINED ABOVE; THAT IS TO 

SAY , THE SEARCH FOR THE INTER-RELATIONSHIP BETWEEN THE LIGHTING 

PARAMETERS AND VISUAL PERFORMANCE, WHICH MIGHT BE CALLED AN APPROACH 

TO THE PROBLEM FROM THE SAFETY POINT OF VIEW. 

To lessen the chances of an accident occuring we should light the 

road in such a way that the normal driver is able to detect visually 

the situation that might involve the risk of an accident, in due time, 

in order to be able to analyze the facts, make a decision and react, 

before his vehicle gets dangerously involved. 

In conclusion, a road installation should de designed in 

such a way that it provides the normal driver with a 

distance suitable for the situation mentioned in the foregoing 

paragraph for the allowed speed for the road. This visibility distance wi 

help the driver to control the motion of his vehicle by furnishing him 

with all the necessary information relating to events taking place within 

his direct field of vision. 

There must be a direct relation between the visibility distance 

necessary for safe driving on a certain road, and driving speed. 

This is obvious since the distance required for a car to stop from 

the moment that the braking effect starts, is heavily influenced by 

the speed of the car at the moment of braking . 

. /. 



GEOMETRIC PHOTOMETRY PHASE 

Coh:ulation ot illumino.nce. 

Development of instruments 
for measuring illuminance • 
Construction of luminaires • 
Photometry of luminaires. 

l 
PHYSIOLOGICAL PHASE 

Introduction of luminance. 
Development of procedures 
for measuring and calculating luminance 
Measurement Of veiling luminance, 

ThreshOld Increment, Glare. 
Uniformity of luminance 

VISUAL PERFORMANCE 

TOTAL LOAD OF T RAFFtC . 

Collection of data. concerning 

the number of cars etc. 

t 
.GEOMETRY OF ROAD CONSTRUCTION 

Constructional details of roads. 

Geometry of the roads. 

Signaling of the roads. 

Determination of speed limits. 

SAFETY AND COMFORT Of 

ROAD TRAFFIC 

TABL~ 1.2: The combined efforts of the traffic 

.and lighting engineers, in order 

to achieve safety and comfort of road 

t traffic. 

SMOOTHNESS OF TRAFFIC FLOW 

Accidents recording 

Ameliorations etc. 
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1.4. 

The distance should therefore be directly related to the 

allowed speed or, conversely, the allowed speed be determined only if 

and when the visibility distance is known. 

FOR THE REASONS JUST MENTIONED WE DECIDED TO USE IN OUR INVESTIGA

TIONS THE VISIBILITY DISTANCE AS A METRIC FOR VISUAL PERFORMANCE. 

The problem of how to determine the relationship between the dis

tance at which a certain object on a road surface can be seen by a driver 

and the various lighting parameters has been approached in the past in 

various ways. 

Although there is not a common basis for these investigations, since 

each experiment follows its own specific conditions, a brief survey of 

this work gives valuable information on the methods that have been 

used and the targets that have been attained. 

Dunbar (1938) requested a number of observers in a lighted street 

to observe objects for which the ratio of object luminance to background 

luminance was known, and could be varied. A survey of the results obtai

ned is given in figure 1.5. 

De Boer (1951) tried to establish a direct relation between lumi

nance, glare and visibility, under conditions of traffic flow. De Boer 

used eight observers for his experiment. These observers, having ages 

from 20 to 39, and normal vision, worked in a full-scale installation 

that was built in such a way that the road luminance and the glare of 

the luminaires could be varied at will independently of each other. 

At different luminance levels, both with and without glare, the 

contrast sensitivity, visual acuity and visual speed were measured, 

objects having been distributed at random along the road, at pViCC':; 

unknown to the observers, between distances of 90 and 200m from the 

observers. Some of the results have been given here by the curve 1 

of figure 1. 5, 

A series of observations under dynamic conditions has been carried 

out more recently (De Boer, Burghout and Van Heemskerck Veeckens, 1959), 

where observers seated in a motor car driving at speed of 50 km per hour 
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deterrninded at what distance a 20 ern x 20 ern dull screen ( reflection 

factor 9%) could be seen within certain lighting installations. 

A summary of the results of this investigation are given in 

1.6. 

These "dynamic" conditions simulate the real conditions in such a 

way that the results obtained with moving observers are much more relia

ble than results obtained with stationary ones or with road simulators. 

It has been concluded from the results that a 20 x 20 ern test whose 

luminance is 2/3 of the background luminance will be visible from a dis-
2 

tance of 100 meters for an average road surface luminance of 2,2 cd/m . 

The dimensions, the shape and the reflection factor of the obstacle 

used in this 1959 research have been in principle adopted also for the 

present research with some modifications for reasons 

ter 2. 

L, l asl-----.:--r'l:----1-\ 

Figure 1.5 Minimum ratio of road luminance to object 

luminance needej to make objects sized 30x30 em. 

visible at distances of 50 to 200 m. to an 

observer , as a· function of the average road 

surface luminance. 

1. De Boer (1951) 

2. Dunbar (1938) 

in chap-
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FigUre 1.6 ·Dynamic visib:lity tests (De Boer, Burghout and Van 

Hecmskerck Vee,kens 1959) 

l.Normal streetlighting installations. 

2.Indoor tests using incandescent lamps. 

l:The ave;age road surface luminance 

e:The distance at which the observers spotted the· 

obstacle.: 

Another trend has been introduced by J.M.Waldram (1938}. His 

idea was to describe a lighting installation by means of one magnitude 

called "revealing power". In the introduction of his work, Waldram 

points out the fact of little reliability of the illumination measure

ments; those of brightness are more reliable. 

The trend of introducing a new yardstick such as revealing power 

is represented today by H.R. Blackwell (CIE 1972, CIE 1976a},introdu

cing the concept of Visibility Level upon which the CIE Committee 

T.C. 3-1 is actually working. 

We do not intend to go further into detail about this concept 

since this is not the purpose of our work, but we refer to it because 

as will be later explained, we found it useful to relate a part of the 

visibility distance measurements with the concept of visibility level . 

. /. 



1.5 

Another research using the concept of a visibility level has been 

carried out recently by Gallagher, Koth and Freedman (1975). 

A part of this research deals with visibility conditions and espe

cially with time-to-target measurements. 

The results of the measurements, in terms of time-to-target units versus 

the visibility level of the installation, are represented graphically in 

this report. 

What is done in the present investigation 

From paragraph 1.4 is understood that Visibility Distance has been 

used in the past as a metric for visual performance, mainly under sta

tic conditions, and in any way without preselected observers, thus not 

taking the influence of age into consideration. 

The concept of visibility level as a metric for visual performance 

has been also used in the past in it's theoretical form, that is either 

calculated or measured in simulators only. 

In our investigation both the above mentioned metrics for visual 

performance, the visibility distance and the visibility level, have 

been measured in real conditions , by the same observers. 

Moreover, our observers have been preselected and distributed in 

age groups. In this way the applicability of both visual performance 

metrics has been checked for the first time experimentally in a 

direct and comparable way, in real road lighting conditions. 

A part of our investigation was concerned with comfort. 

The observers were therefore asked to appraise the lighting situations 

by means of subjective appraisal forms. 

- - - - - - - - -. . . . . . . . 



2.1 

2 .1.1 

Chapter 2. 

Preparation of the experiments 

The magnitudes involved in this experiment can be classified as 

follows: 

Category I. Data of the installations, luminaires and obstacle, 

This category includes the geometry of the road-lighting installa

tions and the photometric characteristics of the lamps, the luminaires, 

and the complete installation. 

The above mentioned data are the following: 

1. Road width of each installation (w) in m. 

2. Spacing of masts (s) in m. 

3. Distance between mast and road side in m. 

4, Height of the centre of the luminaire above road surface in m, 

5, Overhang (Ov) in m. 

6, Inclination anr;lc of the lumina.ire (((!) i.n dcr;rr~r~f>, 

7, Luminous flux of the lamps (~) in lm. 

8, Flashed area of the luminaires (A) in m2• 

9. Average luminance of road surface of each installation (Lav) 

in cd/m2• 

10. Luminance at a number of points lying on a according to 

CIE (L) in cd/m2 • 
r 

11. Vertical illuminance at each point of intersection on the above 

mentioned grid (Ev) in lux. 

12. Horizontal illuminance at each point of intersection on the above 

mentioned grid (Eh) in lux. 

13. Veiling luminance (L ) in cd/rr,2. 
v 

14. Reflection factor of the obstacle (p) %. 

The photometric data of the complete installations and most of the 

corresponding were measured. The photometric data of luminai-

res and lamps v.e.re derived from the manufacturer 1 s documentation • 

. /. 



2.1.2 

2.1.3 

2.1.4 

i2.1.4.1 

The remainder of the geometric data were obtained from the en

gineering dept. of the Ministry of Public Works. 

Category II. Magnitudes calculated from the data available from 

category I. 

1. Obstacle luminance (L
0
b). 

2. Contrast of the obstacle (C). 

3. Discomfort glare mark (G). 

4, Longitudinal Uniformity (U
1

). 

5, Average horizontal illuminance (Eh). 

The formulas used for C, G and u
1 

are given below. 

Category III. Magnitudes measured during the experiment. 

1. Time ( t) between perception of the obstacle and crossing of the 

obstacle in seconds. 

2. Luminance of the visual task analyzer Ll in 
2 

cd/m . 
2 

3. Luminance of the visual task analyzer in cd/m . 

The meaning of the values L
1 

and L
2 

is in 2 .1.6. 

In the same category are included the results of subjective appraisals 

made by the observers. 

The are the following: 

a. Subjective appraisal of luminance level. 

b. II II " Uniformity. 

c. " " " Glare. 

Measurement of photometric data. 

Average luminance: 

The average luminance (L ) of each installation was measured by av 
means of a Morass luminance meter. (J. 1970). The meter was 

equipped-!Oiith its standard lens and the 

width was used. 

./. 

slide for each road 
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2.1.4.2 

2.1.4.3 

In the space between two successive masts a grid was plotted. The 

method used in plotting this grid conforms to CIE (1976b) 

The measurement of the luminance at each point on the was made 

with the aid of the Morass meter equipped with a tele-objective. By the 

luminance of a point is meant the luminance of an area having the point 

as its centre and dimensions determined by the acceptance angle given by 

the slide used. 

Veiling luminance: 

The veiling luminance (Lv) was measured by aid of a Pritchard 

photometer (Spectra 1965). The instrument was positioned in such a way 

that the measurements made conformed to the CIE (1976b) 

2.1.4.4 Horizontal and vertical illuminance: 

2.1.4.5 

The vertical illuminance (Ev) as well as the horizontal illuminance(Eh) 

at each point of the grid were measured using an appropriate luxmeter, 

equipped with the required leveling devices. 

For the selection of the obstacle suitable for the experiment we have ~ 

taken into consideration not only our own demands, but also the characterist 

of some obstacles used in the past in various lighting researches. 

The obstacle should satisfy the following requirements: 

1. It should be small enough to be seen with some difficulty, but 

yet be large enough to damage a car. 

2. The reflection factor of the obstacle should correspond as close as 

possible to the average reflection factor of obstacles that might be found 

at random on a roadway, such as stones, pedestrians ect. 

J.M. Waldram (1938) deals with the characteristics of representative 

obstacles that might be used for visibility tests in streetlighting. 

According to Waldram,any obstacle on the road (pedestrian, car etc.) 

can be considered as consisting of a certain number of plane surfaces 

each 18 inches square. 

The reflection factor of the various obstacles found on a road sur

face varies depending upon the nature of the obstacle . 

./. 



"r This variation according to Waldram is from percent 

(pedestrians wearing dark winter clothes) to 30 or 50 percent 

(women wearing light summer clothes). 

A good classification of obstacles that might be found 

on a road surface according to their value of reflection 

factor is given by F.C. Smith (1938). 

From Smith's curve (figure 2.1) it can be deduced that 

about 80 percent of the obstacles have reflection factor 

values not exceeding 15~ and that 70 percent of the obstacles 

have values not exceeding tO%. Smith concludes that 

"most men 1 s clothing would have luminance factors of 10 ~ 

or less". 

K. Narisada (1971) refers to the test objects used by 

him in his research, which involved the use of a lighting 

simulator. The object used had a square shape and an 

apparent size corresponding in real conditions to an obstacle 

measuring 20 x 20 centimeters. 

I / 
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Figure 2.1 
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Reflection factors <;>f val'ious objects 

that can be found on Cl road surface. 1938). 
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2.1.5 

2.1.5.1 

2.1.5.2 

2.1.5.3 

Finally De Boer, Burghout and van Heemskerck Veeckens (1959). in a 

series of dynamic observations used an obs.tac!.le of 2 Ox2 0 em. 

having a reflection of 9%. 

Our obstacle has dimensions 20x20 em. and it was intended 

to have a reflection factor of 9 to 10 percent. These values are fulfilling 

the above mentioned requirements of the experiment, but are also in good 

agreement with the obstacles used in the past. The reflection factor of 

our obstacle as measured with the aid of a spectrophotometer (Beckman 1967) 

was found. equal to 11,2 %. 

Calculation of the data of Category II. 

The Obstacle Luminance 

The obstacle luminance (L
0

b) has been calculated by aid of the formula 

Where: E 
v 

p 

Lob= Ev ri p 

The vertical illuminance 

The reflection factor of the obstacle 

The Contrast: 

The contrast of the obstacle against the background has been calculatE 

by aid of the formula: 

C = Lr -Lob 

Where: L
0

b: The luminance of the obstacle 

Lr The luminance of the background against which the 

obstacle is seen. 

To determine exactly the background luminance we considered as 

effective background the area of the road surface covered by the obstacle, 

as seen from the observer position. The area includes the point at which 

the obstacle is placed, which always coincides with one of the points of 

the CIE grid. 

Discomfort Glare Mark 

The glare mark G of the installations is calculated in accordance 

with CIE ( 1976b) ny aid of the formula: 

. I. 



2.1.5.4 

2.1.5. 5 

Formula: 

G =l3.84-3.31tog leo+t3(to9181Ise)~- Q,Q8 tog Iscylee + 

+ 1.291og F + C + 0.97 1 og Lov+ 4.411og h- 1. 46togp 

F 

c 

The maximum intensity of the luminaire measured between 

meridian planes parallel to and under 20° with tpe road 

axis at 80° and 88° elevation respectively,expressed in cd. 

The flashed area of the luminaire projected at an angle 

of 76 degrees, in m2 

Correction factor depending upon the wavelength of the 

light. For low-pressure sodium this factor has the 

value of 0,4. 

L The average road surface luminance , in cd/m2
• av 

h The vertical distance between the observer's eye and the 

centre of the liminaire. 

p The number of luminaires per kilometer. 

Longitudinal uniformity: 

Longitudinal uniformity u1 = (Lmin/lmax) is calculated for the central 

line of the grid points for the lane considered in the single carriage-way 

installations. 

In the dual carriage-way installations the longitudinal uniformity has 

been calculated for the central line of each of the two lanes considered, 

and the value accepted as the uniformity of the installation is the 

lower value. 

Average horizontal illuminance: 

The average horizontal illuminance has been calculated by aid of the 

formula: 

Where: EHi 
n 

'1\ 

I EHL 
t =1 

n 

The horizontal illuminance of the i point of the grid. 

The number of points of the grid. 

./. 
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2 .1.6 Survey of the test procedure 

The magnitudes included in Category I and Category II are charac -

teristics of the sites at which the experiment took place. Their accu

rate knowledge is indispensable to enable the relation between the light

ing situation of each installation and the results of the measurements that 

will be carried out with the aid of the participating observers. 

As was mentioned in Chapter I, one of the aims of this research is 

the correlation of the visibility distance found by the observers to some 

photometric characteristics of the sites that have been used as well as to 

the visibility level provided by them. 

The experiments as planned required the participation of a number of 

observers. These observers were chosen from a sample of 129 persons 

according to a procedure described in 2.4 under the title: Observers. 

The observers were divided into four age groups: 

20 to 30 years; 30 to 40 years; 40 to 50 years; and 50 to 60years. This 

was done in order to have a clear picture of how the results are influ

enced by age. 

Each group was made up of two observers, thus resulting in a total 

number of eight _particip·ants in the driving tests. The number of obser

vers participating had to be limited for practical reasons, the main 

reason apart from financial limitation is that it was found impossible 

to keep a large number of people away from their every-day obligations 

for more than a week continuously. 

The absence of one or two observers in such a case would be to risk 

cancelling the experiments since the preparations for it required a lot 

of formalities regarding traffic diversions etc .. 

The observers fulfilled certain requirements, the most important being 

that they all had a vision corresponding to the average vision of people 

of their age. The results of the tests could not therefore be influenced 

by extremes in visual acuity. 

All observers drove the same car in the predetermined sites. The 

weather was clear, and only parking lights were used. The author was the 

co-driver in all drives. 
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The driving speed was predetermined, and the observer-driver was 

requested to keep as close as possible to this speed, as indicated by the 

car's precalibrated speedometer. 

Obstacles were,placed at predetermined positions along the route to 

be followed. The observer was requested to inform the co-driver as soon 

as he an obstacle. The co-driver activated a chronometer and 

measured the time needed from the moment of perception to the moment that 

the vehicle c!'lossed the obstacle. 

As the was known and constant , the time measured could be 

used to determine the distance at which the observer perceived the obstacle. 

The same procedure was followed for all drivers at all sites. Two 

different and three luminance levels were employed. 

These different levels were obtained by driving in all sites in 

the first place in the installation as such and furthermore by having 

the observers large spectacles - of zero dioptres - with neutral 

density attenuation filters with a transmission factor first of 0,50 and 

then 0,25. 

Further details are in Chapter 3. 

In order to approach real conditions the observer had to drive the 

car himself and had to to the predetermined speed, thus dividing his 

attention between these tasks, and the observation. Also the fact that 

the co-driver activates the chronometer involves a time error which is 

rather constant and therefore influences all observations the same way. 

Because the tests were carried out for two different speeds and three 

different luminance levels for each observer this necessitated him making 

a number of drives, so involving the risk that he might become familiar 

with the position and the sequence of the obstacles, thereby influencing 

his perception capability so the distance. 

To avoid this it was decided to use five obstacles, the three neces

sary for the experiment and two false ones. The two of non real significance 

for the test, the so-called "false" obstacles, were changed in position 

after each drive according to a schedule. In this way the 

observer was kept completely of the sequence of the real obsta-

cles, since he never faced the same situation twice at the same site . 

. /. 
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After each drive the observer was given a form on which was a 

nine-point scale, which he had to use to express his subjective 

sal of luminance level, uniformity and glare. 

After all drives had been carried out, the observers measured the 

level for each luminance value of the site, with the aid of 

the visual task analyzer, for a point having a contrast value correspon

to the average contrast of the site. 

The measurement of the visibility level was done in the following 

way: by decreasing slowly the luminance of the screen of the visual task 

analyzer (see 2.3.1.) an effect of decreasing contrast of the screen 

the background was created. The observers were asked to indicate 

the moment at which the screen seemed to disappear. This value of screen 

luminance was recorded. Then, starting from a zero value of screen 

luminance, the luminance was slowly increased and the value L2 at which the 

observer indicated that the screen of the visual task analyzer seemed to 

, was recorded also. 

The above two values, and L
2

, were used to determine the threshold 

contrast for each observer with the aid of the formula: 

Where: and are the values of luminance at which the screen disappears 

the background luminance. 

The level (V.L.) is found using the formula 

Cob 
V. L. = Cthr 

Where: C
0

b : the contrast of the obstacle at the point where the screen 

of the analyzer has been The exact function of the visual 

task analyzer is in 2. 3 .1. 

A better of the influence of the contra~t on the V.~. 

would be po~'si!J.h! it the proct!dur'~ for Lhc~ dcLlci'mirHtion oi 1,
1 

dnd L
2 

could be carried out in three different positions of the screen cor

responding to the maximum, average and minimum contrast position. 

Bm:au;";c• of tllr~ I im i ted i 111" dVd i I abl n, t 1,,, mn<lc:ur"m••nts haJ to he r<':;

tricted to the' average contr<J:.:t posit ion • 
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2.2 

2.2.1 

The 

General description 

The sites selected for the test fulfilled the following main requi

rements: 

1. They were parts of motorways and thus allowed the vehicles to travel 

at a relatively high speed (80 km/h) . 

. 2. They were entirely free from buildings, etc. at their side, thus 

avoiding reflections or movements that might influence an observer's 

attention. 

3. They were situated in straight lines and therefore calculated glare 

mark G is valid for all the effective length of the site used for the test. 

4. They included the three most common mast arrangements viz. opposed, 

sided and staggered. 

5. They were all equipped with low-pressure sodium semi-cut-off (ac-

cording to CIE) luminaires of known 

characteristics. 

distribution and photometric 

6. They could be rather easily cleared of other traffic, thus being 

available for free driving conditions for the observers. 

7. They all had a length sufficient to allow the observer to get ac

customed to yellow sodium light and to reach the predetermined speed 

before reaching the stretch of observation. 

The sites were all situated in Northern Greece and are indicated 

by their official name as follows: 

a. Motorway Athens-Larissa, position Larissa, code name of the site: 

Larissa. 

b. Motorway Katerini-Thessaloniki, position Galikos, code name of the 

site: Galikos. 

c. Motorway Thessaloniki-f.v:wni, position Vathylakos, ccxh~ name of the 

site: Motorway. 

The cross sections and the main characteristics of the three sites are 

given in 2.2, 2.3, and 2.4. 

A survey of the most important photometric characteristics 

of these sites is given in table 2.1 . 

. /. 
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Site 

Larissa 

Galikos 

Motorway 

Average road 
surface 
luminance 2 
Laverage{cd/m ) 

2,4 

1,4 

1,5 

>': R.H. 

Table 

Veiling 
luminance '1 

Lve iling ( cd/m ~) 

0,33 

0,38 

0,18 

dght hand. 

Longitudinal 
uniformity 

(
1min11ma:x)l 

0,70 

0,50 

0,77 

Average 
luminance R.Hf• 
!raffic

2
lane 

L
1 

(cd/m ) 

2,85 

1,38 

2,1 

2.1 Summary of the most important photometric 

characteristics of the three test sites . 
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Average 
horizontal 
illuminance 
Eh (lx) 

16,28 

17,7 

12,6 

Glare factor 

5,5 

4,5 

5,5 



2.3 

2.3.1 

Instrumentation 

The description of the instruments used in our experiment will he omitted 

with the exeption of the Visual Task Analyzer that is describ8d in detail 

in 2.3.L For the Morass luminance meter, the Pritchard photometer and 

the Spectrophbtometer see the references (Rosenhagen J. 1970),(Spectra 

1965) and (Beckman 1967) respectively. 

The visual task analyzer 

If the positive contrast of an object against its background having 

a constant luminance is gradually reduced then at a certain value c1 the 

will not be seen any more by the observer. Further reduction 

of the contrast will start producing silhouette effect (negative contrast), 

and at a certain contrast value c2 , the object will become visible 

again. 

A knotvledge of the luminance , 11 , of the object that corres

ponds to the contrast c1 and of the luminance L
2 

cf the object that 

corresponds to the contrast c
2

, permits the calculation of the tr~eshold 

contrast if the luminance Lr of the background 

is seen, is known: 

Cthr::. ---=2=--
Lr 

which the object 

A knowledge of the threshold contrast permits the calculation of 

the visibility level accor~ing to the formula: 

Cob 
V.L=-"""'""c--

thr 

In our experiments all values of Land C have been determined. 

The calculation of the visibility level is.therefore, a matter 

of determining the luminance values L
1 

and 1
2

. 

In order to be able to determine these values, an instrument 

was built. This instrument consists of a rectangular metal box 

painted mat black and housing a semi-transparent main screen measuring 
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20X20 em lighted from the side opposite to the side of observation. 

The shape of the housing is such that no direct light from th" 

luminaires reaches the screen. 

The lighting system consists of 36 incandescent lamps (2W/12V) 

supplied from an accumulator (12V/55AH) and controlled by means of 36 

separ·ate switches, which allow any combination between aJ..l lamps "on" 

to all lamps "off". 

Between the lamps, which are mounted on metal frame, and the 

screen are two diffusing screens and a yellow filter. The combination 

of the above screens and the filter results in a unifom illumination of 

the main scr'een with a c:olour very similar to the colour given by a low

pressure sodium light source. 

The switches are mounted on a separate box and ar·e connected to 

the housing by means of 36 cables ( 1 X 2, 5 mm. ) each foUI' metres long, 

in such a way that the person operating the switches is far enough from 

the screen to avoid influencing the observer. 

The lamps are numbered from 1 to 36. 

The switching of the lamps is done in such a sequense that the 

illumination of the screen is as uniform as possible. 

If all lamps are "on" then the screen has its maximum luminance 

value. The gradual "switching off" of the lamps all.OI·IS this lumi.nac1ce 

to be reduced in 36 almost equal steps (depending on the degree of si

milarity of the lamps). These steps, if not exactly equal, are in any 

case always accur<',tely I'eproduc ible. When all lamps al'e off, the shiel

ding of the housing of the instrument is such as to make the luminance 

of the screen 8qual to zero. 

The relat.Lon between the switching -off of the lamps and the cor-· 

responding luminance values of the screen, is given in cable 2.2. 

When all lamps are switched off, the rever'se switching pr•ocedure 

will gr•adually increase the luminance of the main screen from zero to 

the maximum value. 

The length of the screening part of the housing has been chosen 

in such a way that no direct light from the first luminaire heyond the 

housing can reach the main screen . 
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All 

Screen luminance Visual Task Analyzer 

Luminance Luminance 
. 2 

lamps on 6,00 cd/m 

1 off 5,93 25 off 3,76 cd/m 2 

2 II 5,81 26 II 3,62 

3 II 5,71 27 " 3,38 

4 II 5,62 28 " 3,17 

5 " 5,51 29 " 2,96 

6 II 5,45 30 II 2,82 

31 II 5,40 13 II 2,65 

32 II 5,29 14 II 2,41 

33 II 5,14 15 II 2,18 

34 II 5,00 16 II 1,92 

35 II L! ,89 17 II 1,68 

36 II 4,80 18 II 1,50 

7 II 4, 71 19 II 1,35 

8 " 4,53 20 " 1,10 

9 " 4,40 21 " 0,81 

10 " 4,18 22 " 0,48 

11 " 4,03 23 " 0,20 

12 " 3,91 24 " o,oo 

Table 2.2 Switching -off sequence and respective luminance 

of the screen of the visual task analyzer. 

Light falling on the screen from luminaires farther away, can be 

neglected. 

Since the luminance values of the sites used for the experiment 

have maximum local values at t:he region of 5 cd/m
2 

and average values not 
2 

exceeding 2,4 cd/m , the range of the luminance values of the screen is 

considered to be satisfactory. A detailed explanation of the use of the 

visual task analyzer is given in Chapter 3, Test procedure. 

A schematic diagram of the visual task analyzer is given in 

figure 2.5. 

Figure 2.6 gives a view of the instrument and of the control 

panel, and figure 2.7 gives a view of the diffusing screens, the filter 

and the lamp display. 
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· F:lgure 2, 5 Schemat!e diagram of t~e •!sual task analyzer. 

figure 2.6 The visual task analyzer and the lamp control 
unit. · 



2.4 Observers 

Figure 2. 7 Internal view of the vi,-;ual task analy"zer 

showing the lamp display, the.d:i::fusing screens 

and tha filter. 

The observers for the investigations were selected from a rather 

large sample of population in order to find individuals representing the 

average visual capacity for a number of age groups. 

The criterion that was applied was the visual acuity under normal 

viewing conditions for the monochromatic light of low-pressure sodium 

lamps. 

The subjects who participated in this visual acuity test were 

selected primarily in order to satisfy the following requirements: 

1. They were aged from 20-60 years. 

2. They could all drive a motor car. 

3. They lived in town and worked most of the time under similar 

(artificial light) conditions . 
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The sample was selected using a questionnaire sent to about 300 

subjects. Only 185 replied, 129 of whom participated in the test. 

The selection of the sample can be considered as fulfilling the 

necessary requirements, since most drivers, to the category of 

urban residents and therefore are also spending a considerable amount of 

time working under artificial lighting conditions. 

The table with the Landolt rings used to determine the visual acuity 

was in accordance with the international standards, when viewed from a 

distance of 5 metres (eye- table distance). 

This table was placed vertically in a room with black walls and 

ceiling lighted only by means of a low-pressure sodium lamp. 

The -~able had twelve lines each one (when viewed from 5 metres) 

corresponding to a visual acuity grade from 0,1 to 1,0 and then 1,5 and 

2,0. 

The visual acuity of each eye was measured separately. !he ect 

was '+ to 5 minutes in order to get used to monocht•omatj c light 

and to the lighting level and then the right eye was measured, the left 

being sct•eened ( remaining always open) by aid of a .blancking screen. 

Immediatel.y a.fter, the visual acuity of the left eye was measured. 

Each test subject vias allowed one mistake per line. Where two or 

more mistakes were made in one line , the subject was given the visual 

grade corresponding to the last correctly interpreted line. 

This procedure was for all ·test The results have 

only a comparative value, for the following reasons: 

1. 7he test subjects took part in the test 

contact lenses (if any ) as they usually do 

Therefore, this test measures the visual 

under corr•ected viewing conditions. 

their• glasses or 

when driving their car. 

of the test subjects 

2. Measurements were taken any time between 8 a.m. and 8 p.m. This 

was so done because the eye stress of a driver could have any 

value, depending on the task the eyes had performed dur'ing the day. 

For this reason some measurements were made early in the morning and 

others at noon or during the afternoon. 

A brief summary of the results of the visual acuity test is in 

table 2.3. 
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Visual Age group 1 Age group 2 Age group 3 ! Age group 4 Total 
acuity 

Number '){> % % 
f . 

% people % rating Number Number Number Number of' 

0 t 1 0 0 0 0 0 0 0 0 0 0 
0,2 0 0 0 0 0 0 I 0 0 0 0 

0,3 1 2,27 1 2,56 0 0 ·o 0 2 1 t 55 I 

I I I 0,4 0 0 1 2,56 1 

I 
3,22 0 0 2 1. 55 

0,5 0 0 1 2,56 0 0 0 0 1 0,77 
0,6 6 13,63 1 2,56 2 6,45 4 26,66 13 10,07 
0,7 2 lt,54 3 7,69 !~ 12,90 0 0 9 6,97 

I 0,8 3 6,81 2 5 t 12 4 12,90 2 13,33 1 1 8,52 
0,9 7 15,90 3 7,69 3 9,67 3 20,00 16 12t40 
1 , 0 10 22,72 17 43,58 7 22,58 5 33,33 39 30,22 
1 ,5 8 6 I 

6,66 26 11 25,00 20,51 19,35 1 20,15 
2,0 4 9,09 2 5, 12 4 12,90 0 0 10 7,75 

Table 2.3 Summary of' the,results of' the tests f'or the selection of' the obse1~ers. 



3.1 

Cha,pter 3 

PROCEDURE AND RESULTS OF 

The observers who were selected to participate in the final test 

drive were each given a code consisting of the letter 0 and a number 

from 1 to 8. 

The observers drove under three different luminance levels in each 

site, and with two for each level. 

The luminance levels were the following: 

100 % 

SO% L av 

25% L av 

Each luminance level is denoted by the letter L and a number indi

cating the percentage of the average luminance. 

100% L ...... lOOL 
av 

so>., L ..... 50L av 
25% L -· 25L av 

The reduction of the average luminance was done by means of KODAC 

Wratten gelatin filters, type N.D. 0,50. For the original 100% lev~;l 

no attenuation filters were used. 

The 50% level was achieved oreN.D. filter O,S and the 2S% 

level using two N.D. 0,5 filtePs. The luminance levels therefore for 

each site were as follows: 

10f"JL 1,5 c.d/m 2 
:: Site Motorway 

SOL :: 0. 7 s II 

25L = 0,37 n 

Site Galikos 100L = 1,4 cd/m2 

SOL = 0,7 " 
25L = 0,3S " 

Site Larissa lOOL 2,4 cd/m 2 = 
SOL = 1,2 It 

2SL = 0,6 " 

./. 

37 



Each observer had to make a total of 6 drives in each site: 

three for 1001, 501, 25L respectively at a speed of 40 

three for 1001, SOL, 251 respectively at a speed of 80 

Thi3results in a total of 48 observations per site. Each 

fully characterized by the following parameters: 

km/h and 

km/h. 

drive is 

1. The observer 

2. The luminance value 

3. The speed. 

The speed is denoted by the letter V and a number as follows: 

Speed 80 km/h - '/8 

Speed 40 km/h - V4 

Therefore a drive D can be denoted as follows: 

D (Ox , yL, Vz ) where : x = 1 , 2 , ....•......• 8 

y :: 100,50,25 

z = 8,4,-

All drives for one site can be denoted as follows: 

D1 

D2 

D3 

D4 

DS 

06 

D13 

D14 

Dl5 

016 

D17 

DlB 

D25 

D26 

D27 

D28 

D29 

D30 

(0.1, 1001, v 8) 

(0.1, 100!,, v t;) 

(0.1, SOL, V 8) 

(C.l, SOL, V 4) 

(0.1, 251, v 8) 

(O.l, 25L, V 4) 

(0.3, .-:.OOL, V 8) 

(0.3, 100L, 4) 

( 0. 3, 

( 0.3, 

( 0. 3' 

( 0. 3' 

50L, V 8) 

SOL, V 4) 

251, v 8) 

25L, V 4) 

(0.5, 1001, v 8) 

(0.5, 1001, v 4) 

(0.5, SOL, V 8) 

(0.5, 501, v 4) 

(0.5, 251, V 8) 

(0.5, 251, v 4) 

./. 

D7 

DB 

D9 

DlO 

Dll 

D12 

D19 

020 

D21 

D22 

D23 

D24 

D31 

D32 

D33 

D34 

D35 

D36 

(0.2, 1001, V 8) 

< o. 2, 1 oor., v l.j ) 

(0.2, 50L, V 8) 

(0.2, 501, v 4) 

(0.2, 251, v 8) 

(0.2, 251, v 4) 

(0.4, 1001, V B) 

(0.4, 1001, V 4) 

(0.4, 

( 0.4' 

( 0.4' 

( 0.4' 

SOL, V 8) 

SOL, V 4) 

251, v 8) 

25L, V 4) 

(0.6, lOOL, V 8) 

(0.6' 1001, v 4) 

(0.6, 501, v 8) 

(0.6, SOL, V 4) 

(0.6, 25L, V 8) 

( 0. 6' 251, v 4) 



l.2 

D37 ( 0. 7' lOOL, v 8) D43 (0.8, lOOL, v 8) 

D38 (0.7, lOOL, v 4) D44 (0.8, lOOL, v 4) 

D39 ( 0. 7' SOL, v 8) D4S ( 0.8' SOL, v 8) 

D40 ( 0. 7' SOL, v 4) D46 ( 0.8' SOL, v 4) 

D41 ( 0. 7' 2SL, v 8) D47 ( 0.8. 25L, v 8) 

042 ( 0. 7' 251, v 4) D48 ( 0.8' 2SL, v 4) 

The time needed for the 48 drives plus the observations with the 

visual task analyzer exceeded the time available in one night. It was 

therefore decided to split the observations into two nights per site. 

Two age groups participated per• and the selection was such 

that a group never worked two nights consecutively. 

For pr•actical reasons, the sites were placed in the following 

sequence: 

Larissa 

Larissa 

night 

night 

1 

2 

Galikos 

Galikos 

night 

night 

3 

4 

motorway night S 

motorway night 6 

The age groups are split as follows: 

Night 1 Age groups 2 and 4 

Night 2 Age groups 1 and 3 

Night 3 Age groups 2 and 4 

Night 4 Age groups 1 and 3 

Night 5 Age groups 2 a.nd 4 

Night 6 Age groups 1 and 3 

In order to minimize errors due to stress from continuous 

driving and from the order in which luminance levels are presented, a 

careful random order for the drives of each site was chosen , by aid 

of a table 5 - random numbers. 

Situation of the sites 

The sites used for the experiments were made available by the Greek 

authorities and were situated along the Main National Road running from 

Athens to Thessaloniki and to the Jugoslav border. The site at Galikos 

and that at the Northern motorway are motorways with no intersections; 

traffic is rather dense and high speeds may be expected, 

night. 

./. 
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3.3 

The whole program of the experiment was discussed two months in 

advance with traffic specialists from the authorities concerned, at which 

time all details concerning the exact spot of the experiment and the 

position of the various traffic signs that would be needed, were planned. 

Police patrol cars were present at each site (at both ends of the 

test route) to control the incoming traffic. They were advising all cars 

to avoid the test area, to moderate their speed and especially to 

switch off their lights and keep only the side lights on. 

The Galikos site created no problems at all, since the presence 

of the wide central reserve permitted the normal through traffic to pro

ceed without disturbing the experiment being conducted on the adjacent 

area, which was completely closed for a distance of 7 km. 

As there were no intersections along this part of the road, the 

observers were entirely free to perform their task without having to 

pay any attention to other vehicles. 

Larissa and the Motorway have no central reserve and therefore the 

situation was more difficult. In both sites only half of the road be

longed to the experiment area. For Larissa this part was rather short 

viz. 1,3 km; for the Motorway it was 5,5 km. 

The traffic on the Motorway during the nights of the experiment was 

not dense and practically no problems occured. It might therefore be 

accepted that the results obtained were not influenced by secondary 

factors. 

At the Larissa site the traffic during both the first and the second 

night was rather dense, with a large volume of heavy commercial traffic. 

This fact, in combination with the short length of road available and 

the lack of experience on the part of the observers, working for the 

first two nights here, might have influenced the observations at this 

site. 

The procedure 

Each observer knew exactly the driving program for each night. 

A binder was given to each observer, which contained the program and the 

subjective appraisal forms . 
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For each individual drive, three subjective appraisal forms were 

available: one for uniformity, one for luminance level and one for glare. 

Each form had the indication of the drive's parameters (speed, lu

minance level) and the code number of the driver. 

The experiment took place on the following dates: 

Larissa Night 1. April 3. 1976 

Larissa Night 2. April 4, 1976 

Galikos Night 3. April 5. 1976 

Galikos Night 4. April 6. 1976 

Motorway Night 5. April 7. 1976 

Motorway Night 6. April 8. 1976 

From the precalculated values of contrast at all points of the grid, 

the positions of Cmax , Cmin and c average were determined. 

When more than one point satisfied the required contrast value, the 

point chosen was the one most convenient for the driving. 

In Larissa, the distance between two successive obstacle positions 

was about 400 m. The short length of road available obliged us to use 

for the C max position, instead of the precalculated point another point 

that was satisfying the contrast requirements. Unfortunately the obser-

vation of this point was influenced by the presence at the spot finally 

chosen of a white curb line irregularly situated due to the entrance 

of a side road near to the spot. 

It will be seen from the results that this situation has influenced 

considerably the observers in their observations for this point. 

In Galikos the position of C was at point 40, the position max 
C was at point 79 and the position of C . was at point 62. av m1n 

The distance beween two successive obstacles was about 2 km. 

An example of the obstacles relative to the background is shom1 

in Figures 3.1, 3.2 dnd 3.3. F'igure 3.4 give:J the grid of Gdli.kos dnd 

the position of Cmax , Cmin and Cav 

. I. 
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Figure 3.1 Gelikoa ahe . Tho obstacle placecl tor observation 

at a point corresponding to the maxitlum cor.trast position. 

Fisure 3 . 2 Galikoa site. The ~bstacle placed for observation 

at a poi nt corresponding to the average contrast position . 
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FlKUM 3.3 Gallkos alta • . The .obetai:le pl.Keel for observation 

at • · point cc;>rrespondin& to tbe ai11imua c~ntrut pod tion . 
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As can be seen from the above, in all sites the sequence of the 

three real obstacles was always the same. The observer driving along 

his route crossed first the C obstacle, then the C and finally max av 
the C •• 

m~n 

As mentioned before, in order to prevent the observers becoming 

accustomed to the sequence of the obstacles, two false obstacles were 

also used. 

The author's assistant created, prior to each drive, the appropriate 

obstacle 11 situation" according to a predetermined plan. Thus each ob

server drove along each route with different obstacle situations. 

Each night's working team was present at the site during the time 

that the author, with his assistants, positioned the obstacles. This 

allowed the observers to become adapted to the colour and to the level 

of the 

Before starting the experiments each night a check was made on 

the contrast of the obstacle against its background at the predetermined 

spots. 

The experimental work began each night with the evaluation of the 

visibility level using the visual task analyzer. The instrument was 

positioned in such a way that the screen was located on the spot of the 

average contrast point of the installation. The group of observers was 

positioned at a distance of 100 m. from the screen. 

Each measurement with the visual task analyzer started with the 

screen at its maximum luminance (all lamps on). The luminance of the 

screen was slowly decreased and the observer indicated the moment when 

it was J,ost from his field of vision. The illuminance .value at which 

this occur0d. was recorded and then all lamps were switched off. The 

same observer then observed at 1-lhich increasing luminance value the 

screen was again invisible. This value was also recorded and the pro

cedure started a.gain with the next observer. 

The sequence of observers was always the same for the visual task 

analyzer measurements and was the following: 

.; . 
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First observer 01 

Second II G2 

Third II 05 

Fourth II 06 

2 and 4: First observer 03 

Second " 04 

Third " 07 

Fourth .. 08 

In Larissa (nights 1 and 2) the visual task analyzer observations 

were done without any attenuation filters. 

In Galikos the observations were repeated with attenuation filters 

50% and 75% (Average luminance values SOL and 251). 

, in the Motorway, the observations were repeated only with 

attenuation filters of 75% (luminance values 100L and 25 L). 

After the observatic.ns with the visual task analyzer had been com-

pleted the moved to the starting point of the routes. 

The same car, a SIMKA 150lS, was used for all observers. During 

the observation drives only the parking lights of the car were switched on 

The obser·1ers were advised to check their 

sought fit in order to ensure ·that the driving 

close as possible to the scheduled one. 

as they 

would remain as 

The author, being the co-driver, activated a chronometer the moment 

the observer indicated the perception of an obstacle. 

T):)e chronometer was always activated, even for the false obsta

cles, but only the values concerning real obstacles were recorded. 

The moment the car had reached the obstacle the co-driver stop-

ped the ct~onometer and recorded the time. 

One full cycle of the chronometer 10 seconds, which 

permitted the measurement of the time in seconds to be read to 

an accuracy of two decimal places. 

The co-driver also observed the of the car speedometer, 

especially during the measuring time, and where necessary informed 
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3.4 

the driver of the need to accelerate or decelerate. 

The speed accuracy vras quite satisfactory and deviations dld not 

exceed + 2 km/h. When the drive had been completed, the observer was 

asked to drive back to the starting point, and was entirely free to 

choose his own speed and to use all his Where attenuation fil-

ters had been used for the drive, the observer was obliged to keep them 

on until he had returned to the starting 

The co·-driver recorded all changes in speed and details 

the use of lights. 

Immediately after the drive the observer completed his subjective 

appraisal forms. 

When all the drives scheduled for one night had been completed, 

the observers returned to the average contrast point and rhe obser•lati

ons using the visual task analyzer were repeated. 

The completion of these observations signalled the enC. of the work 

to be carried ont for that night. 

The rc:co:cd<:!d values 

Xn O!'der to facili·tate a direct comparison between simila.r values, 

the recorded values of the experiment have been grouped as follows: 

a. Repe1:ition of the various parameters of the sites 

b. Subjective appraisals of luminance level 

c. Subjective appraisals of uniformity 

Subjective appr.aisals of glare 

e. Results with ~he visual task analyzer 

f. Recor.•ded observ:1t ion t 1mes. 

a. The various parameters of the sites 

In ~rder 1:o be able to compare apprais~l glare mark 

calculated glare mark G2, it r.as been found necessary to calculate 

the various gla!'e marks of the sites with the luminances. 

These values are given along with the most important photometric cha

racteristics of the si.tes in table 3.1. 
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a. 

Pa:r·ameter LARISSA GALLIK OS MOTORivAY ! 

1 • Measured average lumi~ance 
(cd/m ) 2", 4 1 , h 1 , 5 

2. Maximum contrast (calculated~ 0,95 0,95 0,89 

3. Averagd contrast (calculated 0,81 0,54 0,82 

4. Minimum contrast (calculated 0,60 0,01 0,74 

5. Point of' maximum contrast 15 40 20,2'5 

6. Point of' average contrast 5,6,28,39 43,79 12,22,l!;5 

7. Point of' minimum contrast .46 62,63 41 

8. Point w·here the obstacle has 
been placed f'or Cmax 15 40 20 

9. Point where the obstacle has 
been ·placed for Caverage 5 79 45 

10. Point where the obstacle :1as 
been placed f'or Cmin 46 63 41 

1 1 • Contrast measured at the 
Cmax position during the 
experiment 0,82 0 1 86 0,89 

12. Contrast measured at the 
Ca.v position during the 
experiment 0,72 0,58 o,83 

n. C".!ntrast measured at the 
Cmin po~ition during the 
experiment 0,60 0,50 0,73 

14. Gl.are mark f'or 100L 
(calculated) 5,5 4,5 5,5 

15. GJ.are mark f'or 50L 
(calculated) 6,0 .5, 1 6,0 

16. Glare mark f'or 25L 
(calculated) 6,7 5,8 6,7 

17. Longitudi~al Unif'ormity 0,70 0,50 0,77 

Table 3. 1 Repetition of' the various parameters of' the 

sites used f'or the experiments. 



b. Sub.jective appraisals o:f luminance level. 

-· 
!Avera:.j Priving speed Luminal}ce 0 B S E R V E R km/h cd/m-

01 02 OJ 04 05 06 07 08 

~ L A R I s s A 

I ' 
40 2,4 7 8 7 9 7" 7 9 7 7,6 
40 1 '2 6 3 7 9 5 5 8 5 6,0 

40 0,6. 4 2 7 7 1 h 7 5 4,6 

80 2,4 7 8 7 9 7 7 9 7 7,6 
80 1, 2 6 5 7 '7 5 5 8 7 6,2 

so 0,6 4 2 5 7 1 4 7 7 4,6 

G A L L I K 0 s 

40 1 ,40 6 6 7 .., 
5 5 8 7 6,J • 

40 0,70 5 3 7 7 3 J 7 5 _5,0 

I-to 0,35 .5 2 5 5 1 2 6 3 ),6 

I 80 1 ,40 6 6 7 7 6 5 7 7 6,2 
80 0,70 5 J 7 7 J J 7 5 5,0 

80 0,35 5 J 5 5 1 2 6 5 4,0 ,.. _____ -M 0 'f 0 R W' A y 
r-· ----

I * l1 .. 0 1, 50 7 6 9 7 9 7 - 9 7,7 

40 0,75 - 4 7 7 7 5 - 9 5.5 
l 40 o,n .5 1 5 7 1 4 - 7 4,2 
i 
I 80 1 '50 7 6 7 9 9 7 - 9 7,7 I 

I 80 o,·75 6 lj 7 7 9 5 - 9 6,7 

I 
l 

8,.., . ., o.37 5 1 5 7 2 4 - 7 4,4 

~----

'l"a.b~a 3.2 Subjective appraisals for luminance level. 

HApprai~al forms not available. 

. . 
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c. Subjective appraisals of uniformity 

I. Speed Luminance 0 B S E R V E R _j Ave~a 
~,---+----------------+------------+----o_, __ o_2 __ o_J ___ o_J~--o~s __ o_6_o_7 ____ ~· 

40 
4o 
4o 

80 

80 

80 

2,4 
1,2 

o,6 
2,4 

1 '2 

0~6 

8 7 7 
7 5 7 

5 3 7 
8 7 7 
7 4 7 
5 3 7 

7 
ry 
I 

9 

7 

7 

7 

7 

7 

3 

7 
6 

3 

7 

7 

7 

7 

7 

7 

8 

7 

7 

7 

7 

7 

9 

7 

7 

7 

9 

7 

I 
6, 
6, 

6, 

5, 

~----~-----------~------------~------------------------------+--·--

I 

40 

4o 
40 

80 

80 

80 

1 t 40 
0,70 
0,35 
1 '40 
0,70 

0,35 

6 3 7 5 

5 2 5 5 

5 2 5 4 
6 3 7 5 

5 2 7 5 

5 2 5 5 

5 3 7 5 
4 4 6 5 

3 4 5 3 

5 3 6 5 

4 3 6 5 

1 2 6 5 

5, 
4, 
3, 

5, 
4, 

3, 

H 
40 1,50 7 6 9 9 9 7 - 7 7, 

, • I.o 0,75 5 7 9 8 7 7 - 7 7, 
. 8 I! i ~ 40 0 '"3 7 5 l~ 7 9 7 7 - 7 6' 

I ?. l dO 1,50 7 6 7 9 8 7 - 7 7, 

[__:_ ----"~-~-:----~-----~-:~-~-----~ ___ : ___ ~ __ ··~ ___ : ___ ~---~---=---~----~-----~: 
'!'able ).3 Subjective appraisals f'or uni:formity. 

*Appraisal :forms not available. 



d. Subjective appraisals ~or glare. 

Speed Luminance 0 B S E R V E R 
Average 

01 02 03 04 05 06 07 08 

L A R I s s A 

40 2,4 7 7 6 7 6 7 8 8 7 
40 1 '2 7 8 8 7 6 7 8 9 7,5 
40 o,6 8 8 9 8 8 7 8 9 8' 1 

so 2,4 7 7 7 7 7 6 8 8 

80 1 12 7 8 7 7 7 7 7 8 

80 o,6 8 8 7 7 8 7 9 9 

G A L L I K 0 s 

40 1 ,40 6 7 6 7 6 5 7 6 6,2 

40 0,70 6 7 6 7 8 5 7 6 6,5 

40 0,35 7 7 8 7 8 5 7 7 7,-
80 1 ,40 6 7 7 8 7 5 7 7 
80 0,70 6 7 7 9 7 5 7 7 
80 0,35 7 7 9 9 7 5 8 7 

M 0 T 0 R w A y 

40 1 '50 7 5 9 7 7 6 
H - 7 6,9 

40 0,75 - 6 9 7 7 6 - 7 7,0 

40 0,37 8 6 9 9 7 7 - 8 7,7 
80 1 ,50 7 5 7 7 6 6 - 7 
80 0,75 6 6 9 9 7 6 - 7 
8G 0,37 8 8 9 9 7 8. - 9 

Table 3.4 Subjective appraisals ~or glare. 

*Appraisal ~orms not available. 
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e. RESULTS WITH THE VISUAL TASK ANALYZER AND CALCULATION 

OF THE VISIBILITY LEVEL 

L A R I S S A 
-------------
Be:fore the test drives: 

Observer Pan,e1 L2 L1 L2-L1 
cd/m2 "2 

cd/m2 indication cd/m 2 

01 16,18 1, 92 1, 50 0,21 

02 1 J, 14 2,6_; 2,41 o, 12 

OJ 14, 19 2,41 1 ,J.; 0,5J 

04 18,20 1 ,so 1,10 0,20 

05 1 J, 17 2,65 1 ,68 o,48 

06 28,JO J, 17 2,82 0 1" t . I 

07 14, 15 2,41 2,18 0, 11 

08 11, 18 4,0J 1, 50 1 ,26 

A:fter the test drives: 

Observer Pane1 L2 L1 L2-L1 
cd/m2 

indication cd/m2 cd/m2 2 

01 18, 19 1, 50 1, J5 0,07 

02 29, 1 J 2,96 2,65 o, 15 

OJ 14,28 2,41 J, 17 O,J8 

04 27, 17 J,J8 1 ,68 0,85 

05 JO, 1J 2,82 2,65 o,o8 

06 27,29 J,J8 2,96 0,21 

07 29,15 2,96 2,18 O,J9 
08 8,16 4,5J 1 ,92 1, JO 



The visual task analyzer was 

point 5 corresponding to the 

contrast value 0,72. 

on the road surface at 

where the obstacle had its average 

The background luminance at this point was 4,8 

./. 
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G A L L I K 0 S ---------------
Be:fore the test drives. 

1. Without attenuation :filters 

Observer Panel L2 L1 L2-L1 
cd/m2 

indication cd/m2 cd/m2 2 

01 19,22 1 '35 0,48 0,43 

02 14, 18 2,41 1, 50 0,45 

03 19,20 1 '35 1 '1 0 o, 12 

04 17.,21 1 '68 0,81 0,43 

05 14,20 2,41 1' 10 0,65 

06 13, 16 2,65 1 ,92 0,36 

07 17' 19 1,68 1 '35 o, 16 

08 30,20 2,82 1' 10 0,86 

2. With attenuation :filters 50% 

Obser.ver 
Panel L2 L1 L2-L1 

cd/m2 
cd/m2 2 indication cd/m 2 

01 22,22 0,48 0,48 0 

02 28, 15 3,17 2, 18. 0,49 

03 16, 19 1 ,92 1 ,35 0,28 

04 13,18 2,65 1, 50 0,57 

05 25,16 3,76 1, 92 0,92 

06 26,30 . 3,62 2,82 0,40 

07 14' 18 2,41 1,50 0,45 

08 25, 15 3,76 2, 18 0,79 

3. With attenuation :filters 75% 

Observer Panel L2 L1 L2-L1 
cd/m2 

cd/m2 2 indication cd/m 2 

01 17,21 1 ,68 0,81 0,43 

02 36,30 4,80 2,82 0,99 

03 26, 15 j,62 2' 18 0,72 

04 3o, 13 2,82 2,65 0,08 

05 33,34 5,14 5,00 0,07 

06 7,29 4,71 2,96 0,87 

07 10,30 4' 18 2,82 0,68 .. 
08 25,13 3,76 2,65 0,55. 



After the test drives. 

1. 'Without filters 

Observer Panel L2 L1 L2-L1 
cd/m2 indication 

cd/m2 
cd/m2 2 

01 21 '21 0,81 0,81 0 

02 16,20 1 '92 1' 10 0,41 

03 20,21 1, 10 0,81 o, 14 

04 17' 19 1,68 1, 35 o, 16 

05 20,22 1 , 10 0,48 0,31 

06 14, 16 2,41 1,92 0,24 

07 17,20 1,68 1 '1 0 0,29 

08 28,18 3,.17 1,50 0,83 

2. With attenuation filters so% 

Observer Panel L2 L1 L2-L1 
cd/m2 indication 

cd/m2 
cd/m2 2 

01 21 '21 0,81 0,81 0 

02 14,18 2,41 1,50 0,45 

03 18' 18 1,50 1 ,50 0 

04 16, 17 1,92 1 ,68 o, 12 

05 15' 19 2,18 1 '35 0,41 

06 13,14 2,65 2,41 o, 12 

07 18, 19 1,50 1,35 0,07 

08 26,14 3,62 2,41 o,6o 

3. With attenuation filters 75% 

Observer Panel L2 L1 L2-L1 
cd/m2 indication cd/m2 cd/m2 2 

01 16' 18 1,92 . 1 ,50 0,21 

02 30,13 2,82 2,65 o,o8 

03 25,14 3,76 2,41 o,67 

04 28,30 3, 17 2,82 o, 17 

05 34,8 5,0 4,53 0,23 

06 10,29 4,18 2,96 0,61 

07 13,14 2,65 2,41 o, 12 

08 7, 10 4,71 4,18 0,26 



The visual task analyzer was placed on the road surface at 

point 79 where the contrast of the obstacle was 0,58 the back-
2 ground luminance was 2 cd/m . 

. /. 



MOTORWAY ---------------
Be:fore the test drives. 

1 • Without :filters 

Observer Panel L2 L1 L2-L1 
cd/m2 

indication cd/m2 cd/m2 
2 

01 21,21 0,81 0,81 0 

02 18,21 1 ,.50 0,81 0,34 

03 19,21 1 ,3.5 0,81 0,27 

04 20,21 1,10 0,81 o, 14 

0.5 20,20 1, 10 1,10 0 

06 1.5,16 2' 18' 1,92 o, 13 

07 

08 16, 18 1,92 1 ,.50 0,21 

2. With attenuation :filters 7526 

Panel L2 L1 L2-L1 2 Observer indication cd/m2 
·cd/m

2 
2 cd/m 

01 19' 19 1, 35 1 ,35 0 

02 29,30 2,96 2,82 0,07 

03 27,20 3,38 1,10 1,14 

04 13,16 2,6~ 1,92 0,36 

05 10, 11 .4' 18 4,03 0,075 

06 29,29 2,96 2,96 0 

07 

08 26,29 3,62 2,96 0,33 
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A~ter the experiment. 

1 • Without ~ilters 

Panel L2 L1 L2-L1 2 Observer indication cd/m2 cd/m2 2 cd/m 

01 22,22 o,48 0,48 0 

02 21 '22 0,81 0,48 o, 16 

OJ 21 ,22 0,81 o,48 o, 16 

04 20,21 1' 10 0,81 o, 14 

05 2'1 '21 0,81 1 '92 0 

06 16' 16 1,92 0 

07 1 '92 

08 16' 16 1 ,92 0 

2. With ·attenuation ~ilters 75% 

O't'server Panel L2 L1 . L2-L1 
cd/m

2 
indication cd/m

2 
cd/m

2 2 

01 19' 19 1,J5 1 'J5 0 

02 1J' 14 2,65 2,41 o, 12 

OJ 14,15 2,41 2, 18 o, 11 

04 15, 16 2' 18 1 ,92 o, 1J 

05 26,28 J,62 J, 17 0,22 

06 28,JO J' 17 2,82 o, 17 

07 

08 25,25 J,76 J,76 0 

The visual task analyzer was placed on the road sur~ace at 

point 45 where the contrast o~ the obstacle was 0,8J and the 

background luminance was 0,8 cd/m2 • 



r. Recorded observation times. 

L A R I S S A 

seconds 
. 2 

L = 2,4 cd/m L = 1,2 cd/m" L = 0,6 cd/m2 

u = 40 km/h u = 80 km/h u = 40 km/h u = 80 km/h u = 4o km/h u = 80 km/h 
Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav pmin 
0 82 0,72 o.6 0.82 0 72 o.6 0.82 0.72 o.6 o.82 0.72 o.6 o.82 0.72 o.6 0,_82 0 72 Q,6 

01 17,3 19,8 15' 1 7,5 16 6,9 20,9 14,0 15,4 12,7 10 8,8 11 '7 16,4 11 '6 5,0 6,9 7,4 
02 26 29 24,9 13,2 11 '8 13 19,0 20,9 16' 1 8,6 8,8 11 '9 13,0 19,0 14' 1 7,4 4,3 7,9 
OJ 23,2 26, 1 27 10,6 16,3 10,2 17,2 18,4 15,2 8,2 9,9 8,3 12,3 10,8 9,8 3,8 7, 1 6,8 
04 18 17' 1 15,8 9,7 6,3 10, 1 14,0 16,3 19,4 7' 1 6, 1 10,8 14,2 16, 1 3,3 6,J 7,2 4 
05 21,4 23 19,6 6,2 10,2 6 15,2 18,0 16,0 6,0 11 , 1 6 10,8 12,6 9,5 6' 1 6,8 5,2 
06 20 21 , 1 22, 1 1 1 11 13,6 17,4 16,2 13,5 5 8 7' 1 12,0 13,8 . 5,2 5,3 6 ),6 
07 12,9 16,7 13,9 5,5 10, 1 5,4 11,3 13,9 10,9 6,2 8,3 4 7, 1 12,0 10,0 4, 1 4, 1 J,7 
08 14 11,2 12 5, 1 7, 1 6,2 9,8 11 , 1 8,7 4 5 6,3 9,3 8, 1 4' 1 1 , 1 6,7 J 

Ave-
rage: 19,1 20,5 18,8 8,6 11 ' 1 8,9 15,6 16,1 14,4 7,2 8,4 7,9 11 '3 13,6 9,2 4,8 6, 1 5,2 

A: 121,12,23,0120,7,10,251 12,6 10,051 17,7,17,4 116,521 9, 151 8, 71 9,95,12,8 15,5 r11,2
1 

5,621 6,31 6,521 
B: 17,07 18,0 16,9 6, 95 9,6 7,8 1),4 14,8 12,2 5,3 8' 1 5,85 9,8 11,6 7,2 4' 15 8,9 ),87 

A: average observation time o:£ age groups and 2 
B: average observation time o:£ age groups J and 4 

Table 3.5 Observation times (se~.) recorded :£or Larissa 



GAL L I K 0 S ---------------
seconds 

L = 1 , 4 cd/m2 L = p,7 cd/rr.'d L = 0,35 cd/m;,:. 

u = 40 km/h u = 80 km/h u = 40 krn/h u = 80 km/h u = 40 km/h u = 80 krn/h 
Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav em in Cmax Cav Cmin 
0.86 0.58 0 50 0.86 0 58 o. 50 0.86 o.ss o. 50 0.86 0.58 0.50 o.86 0,58 0 50 0,86 0,58 0,50 

01 16,7 1 J' 1 14, 1 1 1 '8 5,3 7,6 16,4 10' 1 5,4 8,8 '4 '7 4, 1 21 ' 1 4,3 2,3 9' 1 2,7 
I 1 ' 1 

02 29,2 9,4 12 12,7 7,4 6. 1 20,8 9,3 7,6 8,6 4, 1 J,O 17,3 3,7 1 '7 8,6 2,3 1 '2 
OJ 16' 1 20,4 14,0 14,9 1 0. 1 6,3 16,3 6,8 4,8 9,2 4,6 3,2 13 5 4. 1 7 1 '4 1 '9 
04 35. 1 15 13,3 1J' 1 4' 1 5,3 23 8,2 8 11 ' 1 3,2 J,O 17,5 J,3 1 5,4 1 '9 0,5 
05 21 ,4 10,2 13 7' 1 6,3 4,9 21 , 1 5,7 10,3 7,3 3,9 2' 1 13 2,8 J 6,7 1 '7 0,7 
06 24,3 1 3' 1 9,8 10,6 5 5,2 16,2 9,6 5,7 8,3 2,7 4 15,3 2 2, 1 6,7 0 0 
07 21 '7 9 6' 1 6, 1 3,4 3,8 1J J, 1 4,6 6' 1 2' 1 1 , 8 7,6 1 '5 0 5 1 1 
08 11' 1 5,8 7,3 10' 1 4 4 14,8 lj. 2,4 7,8 1,9 2 1 1 3 1 6,7 1 '8 0 

Ave-
rage: 22,7 12 11 , 2 10,8 5,7 5,4 17,7 7, 1 6' 1 8,4 3,4 2,9 14;5 3,2 1 '9 6,9 1 '6 o,8 

A: 

1

24,27
1

14,47r 13,35
1 

13. 1 ~I 6,7~ 6,32119,121 8,6ol6,4sj 9,421 4' 15\ 3, 321 17' 214,071 2,271 7,521 2,071 1' 1 ~ 
B: 21,12 9,5 9,05 8,47 4,6 4,47 16,77 5,60 5,75 7,37 2,65 2,47 11 '77 2' 32 1 ,52 6,27 1 ' 12 0,42 

A: average observation time of age groups 1 and 2 0 

B: average observation time of' age groups 3 and 4 

Table 3.6 Observation times {sec.~ recorded f'or Gallikos 



MOTORWAY 

seconds 

L = 1,5 cd/m"'" L = 0,75 cd/m2 L = 0,375 cd/m2 

u = 40 km/h u = 80 km/h u = 40 km/h U = 80 km/h u = 40 km/h u = 80 km/h 
Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin Cmax Cav Cmin 
0,89 0 83 0,73 0,89 0,83 0,73 0,89 0 81 0,73 0,89 0,73 0,73 0,89 0,83 0,73 0 89 0,8'3 0 71 

01 36,8 28,8 19,6 14, 1 13,3 7, 1 33 22, 1 13,5 18,2 1"0,7 5,5 30,7 17,9 6,7 1 1 , 1 8,3 4,5 
02 29,7 19,3 20, 1 13,2 11 , 1 10,9 38,2 18,7 17, 1 13,7 13,6 7 24 10 11 , 3 10,8 7,8 3,4 
OJ 35,3 22,9 17,6 17 10,8 8 31,7 27' 1 13,8 17,8 10,7 8, 1 . 18,2 16, 1 9,2 14 5 5' 1 
o4 39,1 20,6 16· 16,3 11,2 9,3 26 10,8 1 1 10,2 8,6 4 26 12 6,3 10,7 9,9 3, 1 
05 34,9 24, 1 19,3 19,6 9,4 7,6 31' 1 19 15,7 11 '9 7,2 - 30,5 12 8 12 5' 1 . 3 
o6 26,4 19,8 14,3 11,4 7,4 5, 1 13,2 17,3 - 10,5 6, 1 6,9 15,4 14,7 6,3 9,3 4,4 4, 1 
07 - - - - - - - - - - - - - - - - - -
08 2:!, 5 14,3 11 '4 14,8 8,2 5,9 22, 1 11 , 7 6,3 7,3 6 4,5 16,2 9 4,7 9,8 2,9 2 

Ave-
rage: 32,1 21,4 16,9 15,2 10,2 7,7 27,9 18,1 12,9 12,8 8,7 6,0 23 13,1 7,5 11,1 6,2 3,6 

A: 

B: 1
35,22

1

22.90
1

18,32,15,15,11,6

1

. 8, 82
1 

32,22,19,67

1

13,85,14,97

1

10,9 
1

6. 15,24,72,14,~q 8,37

1

11,65

1 

7. 75r 4,02

1 27,93 19,4015,00 15,26 8,33 6,2 22,1316,oo 11,oo! 9,9 6,43 5,7 20,70 11,9ol6,33 10,36 4,13 3,03 

A: average observation time of age groups and 2 
• B: average observation time of age groups 3 and 4 

Tab1e 3.7 Observation times (sec.) recorded for the Mot~rway. 



CHAPTER No 4 ,~ ANALYSIS OF THE RESULTS 

4.1 Subjective appraisals of luminance level. 

1. 

In order to be able to present the results of the subjective 

appraisals of the observer of the luminance level, we proceed as follows: 

From table 3.2. we derive the average appraised values for 

luminance for all observers, and for the of 40km/h and 80km/h 

(columns 2 and 3 of table 4.1.). Column 4 of table 4.1, the 

average value between the values of columns 2 and 3 respecti-

velly. Column 1 of the same table 

luminance of the sites. 

AVERAGE LUMINANCE AV.APPRAISAL 

OF THE SITE cd/m
2 2. FOR 40km/h 

2.40 7.6 

1.20 6.0 

0.60 4.6 

1.40 6.3 

0.70 5.0 

0.35 3.6 

1. 50 7.7 

0.75 5.5 

0.37 4.2 

TABLE 4.1 

the various values of the averae 

AV.APPRAISAL AVERAGE OF 
3. FOR 80km/h 4. COLUMNS 2,3. 

7.6 7,6 

6.2 6.1 

4.6 4.6 

6.2 6.3 

5.0 5.0 

4.0 3.8 

7.7 7.7 

6.7 6.1 

4.4 4.3 

The graph of 4.1. the average appraisal of the ob-

servers as a function of the average luminance. (values of column 4 

of table 4.1). As it was expected driving speed had no influence on 

the subjective appraisals. 

tQr comparison reasons, 4.1. includes a graph resulting from 

investigations carried out by de Boer (19583) and de Boer (1959) et .a.l. 

The two graphs of 4.1. slightly for low luminance 
2 values, whilst for luminance values exceeding 1.5cd/m they nearly coinci 

The divergence at low luminace values is such that our curve lies 

lower than the curve of de Boer. This might be due to the fact that 

./. 
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II 

7 

·6 

2 

0 

our observers being at the same time drivers, have been more severe 

in their judgement than the observers' of de Boer who were stationary. 

This suggestion is strengthened by the fact that for luminance values 

exceeding 1.5 cd/m2 (and by experience considered satisfactory for 

driving) the curves nearly coincide. 

t . ' 

I. 1,!> t 

QW.UTY APPAAI\A~ GRAPH 

OF AU. O!IKRVER~ 1'011 I.IJMINAN« ~VEl., 
I 

THREE IN'>TAL~TIONS INTO . 

CONSID£RATION 

t,. • £CONOMOI'tiULOS 

2 • 0£ IIOIR 

Figure ~.1 The influence of quality. appraisals for 

luminance fror,; the average l=ir.ance of the road • 
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4.2 Influence of the longitudinal uniformity on the subjective 

appraisals for luminance. 

To represent the influence of the lon~tudinal uniformity on the 

subjective appraisal for luminance, we will use the appraisal obtained 

for Gallikos and the Motorway, since those two sites had values of lu

minance of the same order. Larissa, being the first site of observations 

will be excluded because of the lack of experience of the observers, 

working there for the first two nights. 

From table 3.1, chapter 3 we find: 

Longitudinal Uniformity Gallikos 

Longitudinal Uniformity Motorway 

0.50 

0.77 

From table 3.2 of chapter 3, we find the following average appraisal 

values (average between the average values appraised for 40km/h and 

80km/h. 

Gallikos 

Average luminance Average appraisal 

0.35 3.8 

0.70 5.0 

1.40 6.3 

Motorway 

Average luminance Average appraisal 

0.37 4.2 

0.75 6.1 

1.50 7.7 

TABLE 4.2 

The ralation between the average appraisal of luminance and the 

average road surface luminance, is given in figure 4.2 • 

. /. 
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4.3 Influence of the average luminance, on the subjective appraisals of 

uniformity. 

From table 3.3 of chapter 3, we obtain the various appraised 

values for uniformity, for th~ different average luminances of the sites 

The influence of the average road surface luminance on the appraisa 

for uniformity is shown in the graphs of figure 4. 3. In order to be 

able to show this influence we have split the results in four groups of" 

· luminance, as shown in table 4. 2. a. 

Average Luminance 
2 

cd/m 

Average appraisal 

for unuformity 

----~-----~~;-----------------f·-------------------~~~--~--~-------
1.5 7.5 

1.2 6.7 

0.6 5.9 

0.75 7.~ 

0.7 4.6 

0.35 3.9 

0.375 6.5 

TABLE 4.2.a. 

The average appraised values of table 4.2.a. are the average betwee 

the average appraised values for 40km/h and 80km/h • 

. /. 
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4.3.1. For comparison reasons we have plotted in the graphs of figure 

4.4 , the average appraised values for uniformity as a function of 

the average road surface luminance, for the site of Galikos (long

itudinal uniformity 0.5) together with a similar curve resulting from 

de Boer (1958b), Van Heemskerck Veeckens (1959) for observations 

carried out in sites with the same longitudinal uniformity value (0.5). 

The observers used by de Boer and Van Heemskerck Veeckens where 

stationary and this again might explain the more severe judgement of 

our observers against the judgement of the observers used for de Boer 

and Van Heemskerck Veeckens•experiments. 

Another reason for which the appraised values from the experiments 

of de Boer and Van Heemskerck Veeckens are higher than the values 

appraised by our observers , might be the fact that we have used the 

C.I.E. concept for uniformity (see paragraph 2.1.5.4) whilst in the 

experiments of de Boer and Van Heemskerck Veeckens, the uniformity 

was taken as the ratio of the absolute minimum over the absolute maxi-

mum for the total surface of measurements. 
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4.4 Relation between appraised and calculated glare mark (G). 

From the table 3.4 chapter 3, we obtain the average appraised values 

for glare , for the various luminance values of the sites and for the 

driving of 40km/h and BOkm/h. 

Table 3.1 chapter 3, gives the calculated values of the glare 

mark G2 , for the various average luminance values of the three sites. 

The above figures are given in table 4.3. 

Average Luminance 
2 

cd/m 

2.40 

1. 20 

0.60 

1.40 

0.70 

0.35 

1.50 

o. 75 

0.37 

TABLE 4.3 

Average appraised 

glare mill'k G1 

7.1 

7.4 

8.0 

6.5 

6.7 

7.2 

6.6 

7.1 

7.9 

Calculated glare 

mark , G2 
According to C.I.E.1976 

5.5 

6.0 

6.7 

4.5 

5.1 

5.8 

5.5 

6.0 

6.7 

Figure 4.5 includes four graphs. These graphs are the fol -

lowing: 
1: The graph (a) representing the equation G1~G2 . 

2: The graph (b) resulting from the figures of table 4.3 repre

senting the equation G
1 

= f(G2 ). {relation between the average 

appraised glare mark G
1 

and the glare mark G2 that has been 

calculated according to C.I.E. 1976). 

This equation is found to be represented by the linear equation: 

::. 0. 87 G2 . + 2. 2 

3: The graph (c) resulting from measurements carried out by de Boer, 

Schreuder (1966) , representing the equation G1 == f(G' 2 ) . 

(relation between the appraised glare mark G
1 

and the glare mark 

G2 that has been calculated according to a formula given 

. I. 
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4.4.1 

4.4.2 

by de Boer Ci967). This formula is slightly different from the CIE 

1976 formula (see 4.4.1). 

This equation is represented by the linear equation: 

= 0.9 G' 
2 + 1.6 

4:The graph c (de Boer , Schreuder) uses values of calculated G' 2 , 

with the aid of a formula slightly different from the C.I.E. (1976) 

formula . (see paragraph 2.1.5.3). 

We have recalculated the values of de Boer, Schreuder, using the 

C.I.E. 1976 formula. The "corrected" values of G2 have been plot

ted in graph d as in the previous cases of graphs b and c. 

The formula used by de Boer, Schreuder is the following: 

G =13.62 - 3.31 log leo + 0.97 log l average + 4-411og h 

+log (Ieo/Iee-o.9)+ log F- 1.46 log p. 

If we denote by G2 the glare mark resulting from the above mentioned 

formula, and by G2 the glare mark resulting from the C.I.E. (1976) for

mula, then the relation between G' 2 and G2 is: 

= 1.044 G' 2 

and the equation of the regression line of figure 4.5 (line c) becomes: 

G1 = 0.94 G2 + 1.67 

This equation is graphically represented in figure 4.5 by line d. 

From figure 4.5 we conclude that there is a significant difference 

between calculated and appraised glare mark. 

If we denote by ~G the difference G1 - G2 between appraised and 

calculated glare mark, then we plot ~G versus the average luminance of 

the site (figure 4.6) using a different curve for each site . 

. /. 
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4.5 The visibility distance as a function of the average luminance. 

Tables 3.5, 3.6 and 3.7 of chapter 3, include the recorded time 

values (in seconds) that have been measured during the test drives (time 

from the moment of perception of the obstacle to the moment the vehicle 

crossed the obstacle). 

The values in seconds of the above mentioned tables have been con

verted into distance values. 

The groups of figures 4.7, 4.8 and 4.9 represent the average visi

bility distance of all observers per contrast,as a function of the avera

ge luminance, for the sites of Larissa, Galikos and the Motorway respe

ctively. 

All graphs of figures 4.7, 4.8 and 4.9 have been grouped in figure 

4.10. 

Figures 4.11 and 4.12 represent the average visibility distance of 

age groups A (age group 1 and 2) and B {age groups 3 and 4) per contrast, 

as a function of the average luminance, for the sites of Galikos and the 

Motorway respectively. 

Larissa has been ommited from this breakdown per age group for 

reasons explained in paragraph 3.3 of chapter 3. 

The data resulting from the visibility distance measurements have 

been statistically analyzed with analysis of variance. 

The analysis justified the parallelity of the curves of the fi

gures 4.7, 4.8 and 4.9 , and showed also that driving speed in our ex

periments had no significant effect on the visibility distance. Table 

4.6.a gives a summary of the significant effects of luminance, contrast 

and age group along with the level of significance. 

LARISSA GALIK OS MOTORWAY 

I 
i 
'Luminance 1% 1% 1% 

Contrast 5% 1% i 1% 

!Age 5% 5% I 
I 

I 

Tab,le 4.6.a. 
. I. 
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Figure 4.8 Galikos : Average visibility distance as a function 

of the average road surface luminance fo; various 

contrast values. 
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the experimt'nL. 
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Figure ~.11 Galikos : Average visibility distance as a function 

of the average road surface luminance, broKen down 

per age grouy. 

A Average m~asurements of age groups 1 and 2. 

B .: Average measurements ·Of a&e groups 3 and '+. 
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Figure 4.12 Motorway : A¥erage visibility distance as a function 

of the aver.age road surface luminance, broken down per· 

age group. 

A Averag~ ~easurements cf age. groups 1 and 2. 
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4.6 The visibility level 

As mentioned in paragraph 2. 1.5 and in paragraph 2. 3.1 of 

Chapter 2, the threshold contrast of the obstacle as seen by the 

observer is given by means of the formula: 
12 - 11 

2 

1r 

where 12 and 1
1 

are the luminance values measured with the aid of the 

visual task analyser (see 2.3.1 ). The visibility level can in accor

dance with the concepts developed in C.I.E. then be calculated by aid 

of the formula: 

V.1.: 

cthr 

This V.L. is determined by the ratio of the contrast of the observed 

obstacle actually prevailing (C
0
b) divided by the threshold contrast 

for the observer under the visual conditions prevailing at the moment, 

he observedi the obstacle ( C 'thr). 

However, with the visual task analyser the measurement of the 

threshold contrast (Cthr) has been carried out at a fixed distance(lOOm) 

and is in so far different from the threshold contrast which would have 

been found from the position at which the obstacle has been spotted 

by the individual observers in their drive tests. 

We have now assumed that the difference in threshold contrast 

corresponding to the different positions is only determined by the 

difference in apparent size of the obstacle Whilst the influence of 

the change in background when observing an obstacle from different 

distances has been neglected. 

The influence of the change in apparent size has been calculated 

from data reproduced here in table 4.7 on threshold contrasts as a 

function of background luminance (L), .observation time(t) and object 

:size fa)~ published by Blackwell (1959). 

From these data the curves in figure 4.13 have been derived . 

. I. 
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As the background luminances prevailing in our tests are rather near 

to the curve for 3.43 cd/m2 
(1 fL~ we took this curve as determinant for 

the factor (C.F) to be applied to the threshold contrast actually found 

with the aid of the visual task analyzer so for instance: 

For observer 0.1 in Larissa site: 

Measurement with the visual task analyzer: L2-Ll 
0.21 = 

Background luminance 

Actual obstacle contrast 

Threshold contrast resulting form the 

measurement with the visual task analyser 

,,from ·an observation distance of lOOm. 

Visibility distance of drive observa

tion for observer 0.1 (average between 

distance observed at 40Km/h and dis

tance observed at BOkm/h by the same 

observer). 

Apparent 

100 m. 

of obstacle observed from 

Apparent size of obstacle observed from 

267 m. 

·2 2 
L:r = 4.6 cd/m 

= 0.72 

cthr = 0.043 

V.D. ::. 267 m 

7 mimutes 

2.39 minutes 

The apparent size of obstacle seen from lOOm corresponds in figu

.re 4.13 to point A having a log of threshOld contrast. equal to -1.64. 

The obstacle when having an apparent size of 2.39 minutes of arc 

corresponds with the curve to a point having a log of threshold contrast 

equal to -1.02.-

The 16.g ratio of the two contrasts is 0. 62 corresponding to a factor 

(C.F.) equal to 4.17.-

Therefore, we assume that the observer would have found at 267m a 

threshold contrast C'thr equal to : C'thr =· (C.F) • Cthr or 

C\hr :: 4.17 0.043:0.179 

./. 
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The V.L. therefore for the above mentioned case is found to be: 

V.L.= = 4 .. 02 

cthr 

Tables 4.8 and 4.9 are given as an example and include the results of 

the measurements with the visual task analyzer f~r each individual observer, 

a~ well as the results of the calculations for the application of the 

factors (C .F.) and the determination of the visibility level. 

a 
(minutes) 

1 
2 
4 

10 
60 

TABLE 4,7 

LARISSA 

Smoothed Values of Log Threshold 
Contrast (Blackwell 1,959). 

2.00 

-.798 
-1.400 
-1.892 
-2.064 
-2.128 

Log 
1.00 .00 

t 1 second 
-.631 -.256 

-1.233 -.858 
-L.743 -1.400 
-1.958 -1.746 
-2.057 -1.960 

2 
L =4.8 cd/m 
r 

L (fL) 
-1.00 

• 376 
-.226 
-.777 

-1.179 
-1.506 

Cc:O. 72 

-2.00 -3.00 

1. 276 2.276 
. 674 1.674 
.123 1.123 
.279 .721 

-.606 .394 

2 
L = 2.4 cd/m 
av 

Before L2-L1 cthr V.D. a mimutes C. F. c'thr V.L. 
: -----

2 

01 0.21 0.043 287 2.39 4.17 0.179 I 4. 02 
02 0.12 0. 025 292 2.35 4.36 0.109 1 6.60 
03 0.53 0.110 326 2.11 5.49 0.604 l 1.19 
04 0. 20 0.041 165 4.17 1.58 0.064 11.25 
05 0.48 0.100 241 2.85 3.10 0. 310 2.32 
06 0.17 0.035 239 2.88 2.88 0.101 7.13 
07 0.11 o. 022 204 3.37 2.19 0.048 15.00 
08 1.26 0.262 141 4.88 1. 38 0.361 1. 99 

TABLE 4.8 Average V.L.= 6.2 

./. 



LARISSA 

1ifter 

Observer 

01 
02 
03 
04 
OS 
06 
07 
08 .. 

TABLE 4.9 

2 Lr = 4.8 cd/m 

L2-L1/2 cthr 

0.07 0.014 
0.15 0.031 
0.38 0.079 
o. 85 0.177 
0.08 0.016 
0.21 0.043 
0.39 0.081 
1. 30 0.270 

-

c = o. 72 

V.D. .a 
m minutes 

287 2.39 
292 2.35 
326 2.11 
165 4.17 
241 2.85 

. 239 2. 88 . 
204 3.37 
141 4.88 

2 L = 2.4cd/m av • 

c.r. C'thr V.L. 

4.17 0.058 12.41 
4.36 0.135 5.33 
5.49 0.434 1.66 
1. 58 0.280 2. 57 

. 3.10 0.050 14.04 
2.88 0.124 5.81 
2.19 0.177 

I 
4. 07 

1. 38 0.373. 1.93 

Average V.L.= 6.0 

In the same way the corrected V.L. values have been caiculated for 

·the other sites and the. results are presented in table 4.10. 

Average luminance2 of the site (cd/m ) 

2.4 

1.4 

0.7 

0.35 

1.5 

0.375 

Average visibility 
distance of 8 observers{m) 

237 

130 

77 

36 

232 

142 

*Average visibility 
level of 8 observers 

6.1 

3.2 

3.3 

2.5 

4.3 

3.4 

*rhe average value between the average measured va.lues. before and after 

the experiments. 

TABLE 4,10 

The V .L. as· re·sults· from table- 4.10 has:' been· plotted against th~ average. 

luminance of the site in figure 4.14. I>t figure 4.15 the V .L. has been 

plotted against the average visibility distance resulting from table 4.10. 

In order to define the shape of the graphs of figures 4.14 and 4:15 

some statistical data have been used. We have· determined the correlation 

coefficient of both sets of coordinates • 

. /. 
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4.6.1 

For the coordinates of 4.14 representing the relation 

between average road surface luminance and visibility level, the cor

relation coefficient has been found equal tor~ 0.88. This value of 

r, being close enough to 1, a linear relationship between Lav 

and V.D. , in the range of luminances 

The equation of the regression line of the above mentioned set of 

coordinates, is found by the method of least squares to be: 

L -1 + 0.56 (V.L.) 

For the set of coordinates of 4.15 representing the relation 

between visibility distance (V.D.) and visibility level (V.L.) the corre

lation coefficient has been found equal to r = 0.86. 

The value of r justifies also a linear relation between the V.D. 

and the V.L. in the range of V.L. prevailing at the tests. There-

gression line of the above set of coordinates is 

equation 

(V .D.) -67.1 + 55.1 (V.L.) 

by the 

Gallagher, Koth and Freedman (1975) carried out some visibility 

distance measurements, and related them to a value of the V.L. deter

mined in a way as described here below. To be able to compare the 

results of the present investigation with the results obtained by 

Gallagher, we proceeded as follows: 

From Gallagher's report, figure 3, we derive the following co

ordinates (table 4.11): 

Visibility Level 

2 2.35 
3 3.0 
4 3.3 
5 3.6 
6 3. 7 
7 3.9 
8 4.05 
9 4.1 

10 4.2 

TABLE 4.11 
./. 



Assuming a time delay of 2 seconds for the normal driver, these 

time to target values should be raised each by 2 seconds. These "cor

rected" TIME TO TARGET values, can for a speed of 40 km/h be converted 

into distance (table 4.12): 

Visibility Level Distance to tars;et(m) 

2 48 

3 55 

4 59 

5 62 

6 64 

7 65 

8 67 

9 68 

10 69 

TABLE 4.12 

The V.L. calculated by Gallagher is based on the following formula: 

V.L. C(RCS)~ DGF 

Where: The physical contrast 

DGF 

Relative contrast sensibility of observers adapted 

to a luminance condition equal to a measured Lb (fL) 

Disability Glare Factor 

DGF=~ RCS Lb 
X 

Lb RCS Lb 

Lb The background luminance (fL) 

Lb' (Lb + Lv) divided by 1. 074 

Lv The veiling luminance (fL). 

With the aid of the above mentioned formulas, we have calculated the 

V.L. corresponding to each obstacle position in our experiment. The neces

sary RCS values for Lb and Lb' have been derived from CIE 1972 Nol9 as 

Gallagher did. 

The figures resulting from this calculation are given in table 4.13. 

The figure 4.16 includes two graphs, one resulting from table 4.12 

(Gallagher) and one resulting from the data found in table 4.13 . 

. /. 
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2.4 1>:; 
~ 4.8 0.82 0.33 27.0 4.78 27.0 1.00 22.1 201.5 

2.4 5 4.8 0.72 0.33 27.0 4.78 27.0 1.00 19.4 237.5 
2.4 46 1.8 0.60 0.33 18.1 1.98 18.9 0.95 10.3 203.5 
1.2 15 2.4 0.82 0.165 20.4 2.39 20.4 1. 00 16.7 166.5 
1.2 5 2.4 0.72 0.165 20.4 2.39 20.4 1. 00 14.7 183 
1.2 46 0.9 0.60 0.165 12.6 0.99 13.4 0.95 7.3 168 
0.6 15 1.2 0.82 0.08 14.8 1.19 14.8 1. 00 12.1 166.5 
0.6 5 1.2 0.72 0.08 14.8 1.19 14.8 1. 00 12.1 143.5 
0.6 46 0.45 0.60 0.08 8.5 0.49 9.0 0.97 4.9 109 

1.4 40 3.6 0.86 0.38 24.0 3.70 24.3 0.98 20.2 246 
1.4 79 2.0 0.58 0.38 19.0 2.22 19.8 0.94 10.3 130 
1.4 62 0.7 0.50 0.38 11.2 1. 00 13.5 0.84 4.7 122 
0.7 40 1.8 0.86 0.19 18.1 1.85 18.3 0.98 15.2 192 
0.7 79 1 0.58 0.19 13.5 1.11 14.2 0.95 7.4 77.5 
0.7 52 0.35 0.50 0.19 7.3 0.50 9.1 0.87 3.2 66 
0.35 40 0.9 0.86 0.09 12.8 0.92 12.9 0.98 10.8 157 
0.35 79 0.5 0.58 0.09 9.1 0. 55 9.7 0.97 5.1 36 
0.35 62 0.17 0.50 0.09 11.2 0.24 6.3 0.40 2.2 19.5 

1.5 25 2.7 0.89 0.18 21.4 2.68 21.3 1.00 19.0 347.5 
1.5 45 2.8 0.83 0.18 21.8 2.77 21.7 1. 00 18.1 232.5 
1.5 41 1.5 0.73 0.18 16.6 1.56 16.9 0.98 11.9 179.5 
0.75 25 1.35 0.89 0.09 15.7 1.34 15.6 1. 00 14.0 279 
0.75 45 1.4 0.83 0.09 16.0 1.39 15.9 1.00 13.3 197 
0.75 41 0.75 0.73 0.09 11.6 0.78 11.8 0.98 8.3 138 
0.37 25 0.67 0.89 0.04 10.9 0.66 10.8 1. 00 9.7 251.5 
0.37 45 0.7 0.83 0.04 11.2 0.69 11.1 1. 00 9.3 142 
0.37 41 0.37 0.73 0.04 7.5 0.38 7.7 0.98 5.4 81.5 

• I I I 

TABLE 4.13 

For the coordinates of the graph of figure 4.16 V.D. f(V.L.) 

we have calculated the correlation coefficient r. The value found is 

r "' o. 77. 

The value 0.77 for the correlation coefficient, is rather low,but 

when trying to use another curve of a degree no significant arne-

lioration was found. We may therefore accept as a first approximation 

a linear relationship between Visibility Distance and Visibility Level, 

and attribute the low value of the correlation coefficient to the large 

spread of the results and not to the non linearity . 

. /. 
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5.1. 

5.1.1. 

Chapter 5. 

The analysis of the results of Chapter 4, has been given without any 

comments, simply by plotting the curves resulting from the measurements and 

calculations. In this chapter the conclusions which can be drawn from this 

analysis will be compiled. 

The luminance level to be recommended on the basis of subjective appraisals. 

If the region of appraisals corresponding to the definition "good", is 

assumed to be represented by ordinate values between 6.5 and 7.5, the average 

luminance of the road surface should amount to a value between 1 and 2 cd/m
2 

as well according to our own results as those found by De Boer 1958a and 1959 

(t . Lt .1). 

The average road surface lu111inance recommended by CIE for motorways and 

hig~ traffic roads (2 cd/m2) lies in the upper range of our findings. 

S.~.2. Influence of the longitudinal uniformity on the subjective appraisals 

5.1.3. 

for 

The observers' appraisals for luminance level for the site of Gallikos 

1mc~. the si t:e of the Motorway, have been plotted together, versus the luminance 

J.evel in Figure 4.2. 

J'hP a\· eT io 0 .' road surface luminance of both sites is nearly the same, and 

we rnily a~;sume that the difference between the appraised values is due to 

inf.l of the longitudinal uniformity. 

Indeed, t~e longitudinal uniformity of the Motorway (0,77) is considerably 

ht.gher tlJan the longitudinal uniformity of Gallikos (0,50). 

The curves seem to confirm earlier (De Boer, Knudsen 1963) that 

at the same value of average road surface luminance, this luminance is appraised 

better the more uniformily the road surface has been lighted. 

Influence of the average luminance on the subjective appraisals for 

unifol'l!l.ity. 

The subjective appraisals of the observers for the longitudinal unifor

mity, have been slightly influenced by the average luminance level. 

From the graphs of figure 4.3 we may assume that this influence is rather 

independant from the value of the longitudinal uniformity. 

These curves seem to confirm the earlier findings that 
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5.1.4 

. 5.1.5 

the higher the average luminance of the road surface, the worse may be its 

uniformity for obtaining the same subjective appraisal (De Boer, Knudsen 

1963),(De Boer 1967). 

The relation between appraised and calculated glare mark. 

Figure 4.5 shows that calculated values of the glare mark as well 

as those calculated with the aid of the C.I.E. 1976 formula (G2) as 

those calculated with the formula originally given by De Boer, Schreuder 

(G' 2 ) are lower than the glare .mark according to the appraisals of 

the observers G1 . 

These findings show furthermore that the C.I.E. formula for the 

calculation of the glare mark G2 is rather severe. 

If we wish to have a formula for the calculation of G2 approaching 

as much as possible the appraised values of G1 in _our investigations, 

we proceed as follows: 

In the formula: 

G1 -. 0.87 G2 + 2:2 

we found from our investigations, we substitute the value of G2 given 

by the C.I.E. 1976 formula. The resulting formula reads as follows: 

log ISO + 1.13 I log (ISO/I )'}1/
2 

88 J 
+ 1.12 log F + C' + O.S4 log L + 3.S4 log h av 

where C' " 0.35 

ISO 
- 0.07 log - + 

I88 
- 1.27 log p. 

Influence of the type of arrangement of the luminaires on the 

quality. appraisals for glare. 

The C.I.E. formula for the calculation of the glare mark, takes 

into consideration as to the type of arrangeme~of the luminaires 

only their spacing. The influence therefore o~ the luminance level on 

the difference 6G between appraised and calculated glare mark, might 

be attributed to the type of arrangement of the luminaires. 

The curves in figure 4.6 seem to indicate that the C.I.E. assumption, 

that the arrangement of luminaires apart from spacing does not influ

ence the appraisal of glare, does not hold for such large differences 

in arrangement as bet•reen staggered on the one side and' single- sided , 

opposed , on the other side • 

. /. 
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5,2 The visibility distance. 

The curves of figures 4.7 , 4.8, 4.9 and 4.10 giving the relation 

between the average road surface luminance and the visibility distance, 

are self explanatory. 

Theoverlappingof some curves of lower contrast over curves of 

higher contrast, occuring in figure 4.10 is due to the Larissa measure

ments and is attributed to the short available length of the site, the 

lack of experience of the observers and especially to the position of the 

maximum contrast point .as explained in paragraph 3.3. 

The measurements for the visibility distance have been broken-down 

per average of two age groups and have been plotted versus the average 

luminance in figures 4.11 and 4.12 for Gallikos and Motorway respectively. 

The visibility distance measured for the observers of age groups 

3 and 4 (40 years to 60 years) is lower than the visibility distance 

measured for the observers of age groups 1 and 2 (20 years to 40 years), 

for the same values of average road surface luminance . 
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5.3 The visibility level 

Figures 4.14 and 4.15 representing the relation between .a~erage 

luminance and V.L. and visibility '.distance and V.L. respectivelly, are 

self explanatory. 

The fact that a straight line has been chosen has been justified 

by simple statistical analysis. From the point at which the regression 

line of figure 4.15 meets the X-axis (visibility level) a conclusion 

can be drawn for the lowest V.L. value at which perception is still 

possible. This value is found to be equal to about 1.25. 

It is obvious that the visibility distance will not riseinfinitely 

as the V.L. value becomes higher. The linear relationship between V.L. 

and V.D. is not therefore possible for any V.L. value. 

l~e may assume that for V. 1 .. values higher than the ones ;l!lsa,sured in 

<CIUI' experiment< , the V. D. values will tend towards a limit, and therefore 

the shape of the graph should be a curve becoming asymptotic to the 

x-axis. 

It is obvious that this is not the case in the range of V. L. 

values of our experiment, and we do not have available data to determine 

the region of the curve. 

The graphs of figure 4.16 representing for the investigations of 

Gallagher and those of the author the relation between the visibility 

distance and the calculated V.L., diverge significantly. 

The reason is that Gallagher's investigation did not actually de

termine the visibility distance(distance from the observer at the moment 

of perception to the obstacle) but the distance from the observer 

at the moment of reaction to the obstacle. 

The limiting distance of about 60 m of the curve resulting from 

Gallagher's investigation is justified from the fact that in low urban 

driving speed , a distance of about 50 m is considered as safe enough 

for a driver who will start a manoever to avoid a traffic cone spotted 

well before starting this manoever. 

We may therefore assume that no real comparison is possible between 

our findings and the findings of Gallagher investigation, because dif

ferent magnitudes have been measured in both investigations . 

. I. 
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5.4 A practical result 

The stopping distance of a vehicle is dependent apart from other 

secondary factors • mainly on the initial speed a,t .. t.he moment the· breaking 

effect starts, on the retardation given to the vehicle by the brakes 

action and on the type and situation of the road surface. 

If we accept an average brake retardation of 4m/sec2 (which is the 

legal value common to a number of countries) on a horizontal dry road 

surface, then the stopping distance can be calculated from the formula: 

Sa0.3Vt + 

where S the stopping distance (m). 

V the initial speed of the vehicle (km/h) 

t the reaction time of the driver (sec) 

Assuming an average reaction time of 2 seconds for a normal driver, 

we have the following table of stopping distances(table 5.1). 

Speed (km/h) S (m) 

20 16 

30 27 

40 40 

50 55 

60 72 

70 91 

80 112 

90 135 

100 160 

110 187 

120 216 

130 247 

140 280 

150 315 

TABLE 5.1 

The obstacle used for our investigation has a reflection factor 

of about 11% , 

According to Smith (1938) (see paragraph 2.1.4.5) about 75% of 

the obstacles found on a road surface, would have reflection factors 

equai 0!' .less than 11%. 
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From the measurements carried out in the three experimental sites. 

we have found that the average contrast was 0.72. 0.58 and 0.83 respec 

tive1y , whilst the lowest contrast was equal to 0.5. 

A contrast value of about 0.7 for an obstacle having a reflection 

factor of 11% would then represent the average contrast value between 

the average contrasts of the three sites. whilst a contrast of 0.5 

would represent the lowest value measured in the above mentioned sites. 

We may therefore based on the above mentioned assumptions. 

determine the average road surface luminance that would allow an ade

quate visibility distance for various driving speeds for each contrast 

value. 

From figure 4.10 we derive the luminance values corresponding to 

the various visibility distances taken equal to the stopping distances 

of table 5.1 

The results are given in table 5.2 

Speed (km/h) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

TABLE 5.2 

Luminance required 

for C•0.5 (cd/m2) 

0.40 

0.60 

o. 75 

1.0 

1.3 

2.2 

From the results shown in· figure 5.1 

Luminance required 

forC•0.7 (cd/m2) 

0.2 

0.3 

0.5 

0.7 

1.2 

1.7 

it can be concluded that 

with the aid of investigations as described in this study. a direct 

relationship between permissible driving speed and required average 

road surface luminance. assuming certain restrictionson glare and 

·I. 
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non-uniformity, can be obtained for targets with given values of contrast 

and size to be seen. However, elaborate investigations would be required 

for describing the characteristics of the target which can be considered to 

be a relevant critical object from a view· point of traffic safety. 

The results of such investigations are necessary in order to enable 

a firm decision on the average road surface luminance required for road sa

fety. 

From this work it can also be concluded that this type of investigation 

permits to establish a direct relation between photometric parameters and 

visual performance in the scope of road traffic safety. 

In figure 5.1 the permissible driving speed in km/h is plotted versus 

the adequate average road surface luminance. 

From the shape of the curves we assume that an obstacle of a contrast 

of 0.5 can be seen from such a distance that a top speed of 90 km/h is the 

limit for safe driving. 

Further increase of the luminance level has no influence on the visibi

lity distance and therefore a higher speed cannot be permitted. 

The limiting speed for an obstacle having a contrast value of 0.7 is 

considerably higher, of the order of 120 km/h. 
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5.5 Summary of the most important conclusions 

When interpreting the conclusions given here below it should be 

kept in mind that all experiments of the present investigation have been 

carried out on a practically empty road. Under normal traffic conditions 

therefore the visual conditions will be less favourable. Requirements as 

to the quality of lighting will consequently be at least as severe as 

the ones which can be derived from the conclusions given here. 

The most important conclusions could be summarized as follows: 

The 2 cd/m2 recommended by CIE for the average road surface luminance 

lies in the upper part of the region appraised as "good". 

At the same value of average road surface luminance, this luminance 

is appraised better the more uniformily the road surface has been 

lighted or - the other way round - the higher the average luminance 

the worse may be it's uniformity. 

The CIE 1976 formula for the calculation of G is rather severe. 

The influence of the arrangement of luminaires on the appraisal of 

glare cannot always be neglected as CIE assumes. 

There is a close relationship between visibility distance, luminance 

and contrast. This relationship is considerably influenced by the 

age of the observer. 

A direct relationship between photometric parameters and visual 

performance expressed by means of visibility distance can be obtained 

in a reliable way. On the contrary to establish a simular relation

ship between visibility level and photometric parameters is experimen

tally difficult due to the large spread of the results. 

------....... 



Chapter 6. 

Comments on specifying road lighting quality 

One of the most important actual studies undertaken by CIE Committee TC 4,6 

concerns the problem of specifying road lighting quality on the basis of visual 

performance. The results of the present investigation offer an opportunity 

to evaluate the suitability of methods followed so far with this aim. 

In Chapter 1, paragraph 1. 3, we have determined as the "problem" the 

missing link between the parameters of road lighting and their effect on visual 

performance (see also table 1.2). 

The establishment of this link will allow the design of road lighting 

installations that will assure safety and comfort. 

We are interested in the effect of the lighting parameters on visual per

formance as we assume that visual performance has an influence on safety of 

road traffic. In more terms this means to assume that insufficient 

visibility of details relevant to driving behaviour is excluded from being 

a possible cause to traffic a9cidents when light 

visual performance is optimal or nearly optimal. 

conditions are such that 

The problem would be solved completely if we were able to determine the 

visual performance-necessary to·exelud~clack of-visibilitycfrom being a.possi

ble accident cause. With the link mentioned in the second paragraph of this 

chapter this visual performance could then be· translated into lighting 

parameters·and the aim of all investigations concerning-the problem· is to .deter

mine the significance of these parameters in order to establish a suitable spe

cification·, the application of which will achieve the above mentioned result. 

The determination of the relationship between visual performance and traf

fic safety requires such comprehensive investigations as to surpass widely the 

scope and possibilities of the present work. With this in mind the aim of our 

investigations has been focused on the search for the relationship between visi

bility distance (for an arbitrary chosen object) and lighting parameters. 

As soon as such a relationship can unambiguously be established - as has been 

done in the foregoing chapters - specifications can be derived for the lighting 

parameters required for a minimum visibility distance (for the object chosen) 

considered to be necessary from a view point of traffic safety. 

CIE 1976 is specifying road lighting quality by means of photometric 

characteristics, while CIE committee TC-3.1 dealing with visual performance, 
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investigates the possibility of approaching the problem with the aid of the 

concept of Visibility Level. 

Moreover, in CIE committee TC-4,6 discussions are held on the possible 

relationship between visual performance expressed with the aid of the concept 

of Visibility Level, and safety. 

In order to be able to establish the relationship between the various 

parameters of road lighting and visual performance, a common method should be 

adopted for all investigations. This method in our opinion should be as 

simple as possible and easily reproducable. 

In the present investigation, both the photometric characteristics and 

the visibility level have been measured in real conditions, and have been 

related to visibility distance, determined by the same observers. 

The visibility distance being the main determinant factor for safety in our 

investigation, has been measured in relation with the average road surface lu

minance and contrast, and the influence of these factors on visibility distance 

has been found statistically significant. 

Comfort has also been considered and has been evaluated by means of subjea-

1iiiv.tl't appraisals. 

Although the instrument we used to measure the visibility level, has been 

designed and manufactured in the simplest possible way, the experience we gained 

from this investigation leads us to the following conclusions: 

The approach to the safety problem via the visibility distance of a gi

ven object as influenced by the photometric characteristics (luminance, contrast 

and uniformity) has been found easily achievable and reproducable. 

On the contrary the results we obtained with the concept of the visibility 

level measured with the aid of the visual task analyzer, showed a large spread 

and there have been significant differences between the measured and the respec -

tive calculated values. 

The approach of a road-lighting specification therefore with the aid of 

visibility level, might in our opinion not add to the present situation, but 

on the contrary complicate the solution. 

In this investigation an effort has been made to prove that the photo

metric characteristics of road-lighting are able to be related with visual 

performance in terms of visibility distance and can therefore be used for the 

specifications of road-lighting and the determination of quality criteria . 
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The argument that in an absolute sense nothing has been gained as long 
as the relationship "Visibility distance - Traffic safety" has not been found 

holds equally for the approach of the problem via the visibility level, in 

which case the relationship "Visibility level - Traffic safety" has to be 

determined. On the basis of the experience gained in our experiments we ex

pect greater difficulties in the search for the latter relationship. 

We do believe that in the future, the efforts in the determination of 

these quality criteria for road-lighting in order to establish a suitable 

specification that will enable the lighting engineers to design lighting 

installations in a way able to provide adequate safety and comfort, will be 

considered on the basis of the photometric characteristics belonging to the 

physiological phase. 
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II T H E s E s tt ---------------

1. Official statistics prove that public lighting has a bene

ficial effect in helping to reduce road accidents, not only 

in number but also in severity. The relationship, however, 

between accident probability and lighting quality is unknown 

and needs to be ascertained. 

Ref.: Chapman 1959, Christie 1968, 
CIE 1960, De Buffevent 1956, 
Fisher 1967a, 1967b, MOT 1969, 
Walthert 1974. 

2. Visibility level as expressed by CIE, is difficult and not 

suited for the establishment of road lighting specifications. 

Such specifications can best be based on visibility distance, 

a criterion for visual performance. 

Ref.: CIE 1972, CIE 1976a, Dorsey
Blackwell 1975, Gallagher
Koth-Freedman 1975. 

). Where a road lighting installation providing an average road 

surface luminance of at least 1,5 cd/m2 cannot guarantee a 

luminance contrast for critical objects on the road of larger 

than 0,5, the maximum permitted speed limit should in the in

terest of traffic safety, not exceed 90km/h. 

4. The reduction in visibility distance associated with observers 

of increased age can be compensated by increasing the average 

road surface luminance. Officially recommended lighting levels 

for road traffic are based largely on results obtained from ob

servations made by rather young observers; it remains to be 

seen whether a correction should be ~pplied to take into account 

the actual age of normal drivers. 

Ref.: Balder-Fortuin 1955, De Boer 
1951, De Boer-Burghout-Van 
Heemskerck Veeckens 1959, 
De Boer-Schreuder 1966, 
De Boer 1967. 

5. An average road surface luminance of 2 cd/m2 with a uniformity 

lying within CIE 1976 limits, appraised as "good", will promote 

relatively safe night driving. 
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Rer.: CIE 1972a, CIE 1976b, De Bo 
1951, De Boer-Burghout-Van 
Heemskerck-Veeckens 1959. 

6. The visibility distance or a driver is not inrluenced by dri 

speed when this lies between 40 km/h and 80 km/h. 

7. Considering the number,or planets in the Universe, and vario 

circomstances on earth, it is logical to assume that the exis 

ance or life on other planets is a strong possibility, 

Ref.: Erich van Daniken 1968, 1969 
1972, 1973. Ernst von Kuon 
1970, G. Balanos 1970. 

8. Legends, surrounding the battle of Thermopylae calls attentio 

to the JOO Spartans who have remained in the memory or people 

as heroes, whilst unjustly ignoring the large number of Thes

pians. 

9. Lack of knowledge in a human being makes him feel uncertain a 

gives birth to the belief in God. Knowledge makes a man feel 

even weaker, and so strengthens his belief. 

10. The first bombing or London in 1940, was an accident. The con 

tinuation of this bombing was a blunder. 

Ref.: Raymond Cartier 1965 
History ~r World War II 
Papyros/Larousse 1968 

11. World peace today is to a large extend safeguarded by the exi 

ance of nuclear weapons. 

12. Most people's fear of inse~ts is universely proportional to 

the size of harmful potential or the insect encountered. 

Ref,: N. Helstrom 1970 
The Helstrom Chronicle Film 
1970 




