


Practical Information about Contrast Rendering 
at the Office Worker's Desk 

Reiner Pusch 

Translated and reprinted from the Definitions of Contrast and Con- tor M on various paper and printing 
article "Praktischer Nachweis der trast Rendering specimens was ascertained (4). 
Kontrastwiedergabe am Buro- The term contrast is used accord-
arbeitsplatz", published in the April ing to the well known definition: For the assessment of the con-
1981 issue of "L icht" , by kind per- trasts K, Kn, the contrast rendering 
mission of the author. _ L1 ~ L2 factors M, and the ESI values in-

L1 doors, computers were used. The 
The Significance of Contrast for evaluation values for different lines 
Vision where Li is the surrounding lumi- of sight corresponding to the differ-

Contrast plays a crucial role in all nance and l_2 is the object lumi- ent arrangements of the writing 
visual perception by human beings. nance. The contrast K is a luminance desks were worked out in this way. 
As everybody knows, vision can be difference relative to the surround-
divided into basic viewing activities, ing luminance (1). Studies have de- Measurement of Contrast 
which in each case depend on the termined the reduction in contrast For advance planning with con-
contrasts of the object viewed. Even resulting from light reflections or dif- trasts and contrast rendering fac-
with the basic viewing activity the ferent systems of illumination (1, 2). tors, the practical information about 
sensitivity of discrimination is deter- these assessment values is neces-
mined by the fact that a human being In particular we must refer to an sary in the design of illumination in-
can only perceive objects if they pre- evaluation technique for the charac- stallations. In principle the contrasts 
sent certain luminance differences teristics of the contrast reduction, and the contrast rendering factors 
against the background luminance; the ESI technique (3). In this tech- could be worked out from individual 
that is, if the object possesses nique the contrast reduction and its luminance measurements. 
enough contrast relative to its effect on visual performance is de-
surroundings. scribed quantitatively. In order to The Company of Bruel & Kjaer has 

identify the contrast reduction in a developed a luminance meter which 
In contrast to illumination, it is the lighting position, the contrast K is can also determine luminance con-

luminance of a visual object which established relative to the contrast trast and contrast reduction directly. 
produces the correlation with visual KQ at fully diffuse light incidence, a 
perception by human beings; the lu- ratio which is named the contrast The design of the instrument is 
minance L and the luminance con- rendering factor M: characterized by the luminance me-
trast K are combined as measure- ter and two standard reflectance 
ment parameters for the perception K surfaces, which are measured one 
of visual objects. It is consequently ~ ~jZT after the other. Contrast K is indicat-
of great importance to use the lumi- ed straightaway from the luminances 
nance contrast K as the indicator of The contrast rendering factor pre- l_i and l_2 of the two reflectance sur-
lighting quality for the office work supposes certain reflection proper- faces. The instrument aLso permits 
place. ties of the background and the visual the dialling-in of a fixed contrast val-

task, which must be kept constant ue, hence for instance the contrasj 
during the investigation of K and Ko. for diffuse light-incidence Ko, 

Dr.-mg. Reiner Pusch, Traunreut, Siemens During the investigations the depen- through which the contrast reduction 
AG, Leuchtenwerk dence of the contrast rendering fac- R is registered directly. The connec-
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tion between the contrasts and the 
contrast rendering factor M exists as 
follows: 

K 0 - K 
R = 100% = (1 - M) 100% 

Kn 

As can be seen from the measure
ment arrangement in Fig.1, the lumi
nance meter has a measurement d i 
rection with the angle 9, which per
sistently assumes the eye of the 
observer to be 40 cm above the ta
ble's edge. The measuring angle 9 is 
increased as the measuring point is 
moved from the table's edge to- . , ' . . ." , . c . .. .... , .. . . . Measuring arrangement Luminance factor 8 as a function of 
wards the middle of the table. . . . . . \ . . . . , . , . , 

LMLuminance meter incident light angle y\ 
- , . . , . . . P1 Test object for measuring the P1, P2 test objects for background 
The combined measurement sys- , , _ , . . _ , * , , . ?. ^ , . . .. . . . . background luminance and task luminance as supplied by tern can also be directed sideways ^n

 y
 u . .. 

. . . . .. , P2 Test object for measuring the Bruel & Kjaer 
on a radius arm. In this way the eval- . . . ^ T J ^-r„ . ., ,. . . .. . task luminance PT1, PT2 values for background and 
uation values throughout the work- ' ( ( r i

y 

.. .7- ^ . u $ Angle of measurement, corre- task luminance of the Pencil Task mg areas on the writing desk can be . . . . . 
. . .. . spondmg to viewing direction 

measured at the correct angle. , . . . . * , * . _ , 
h^ Height of the observer s eye 

_> ,, , , AU above the table surface Because the measurements of the . . . ,. T Table surface 
luminance values, contrasts and the , . L f 1L a L ,. , x . x . , lj luminous intensity of the rth light 
contrast rendering factors are de- ,. . , ^ , . . .. 7i *■ t *u 7i Irradiation angle pendant on the reflections of the re- ' ' . , A, ,. . , . .. . a Distance of the measuring point flectance surfaces, is it also neces- , , , , , , , ., .. ,. .. . from the edge of the table 
sary to specify the reflection charac- y 

teristics of the reflectance surfaces 
in t h e i n t e r p r e t a t i o n of t h e m e a s u r e 
m e n t resu l ts . T h e r e f l e c t a n c e SUr- Table 1. Survey of the Lighting Installations Measured 
faces used by B & K P1 and P2 show i 1 1 1 \ 1 
a Clear r e f l e c t i o n C h a r a c t e r i s t i c , J - 1 ^ ' " 9 T y P e o f R o o m TVPe o f Installation of Number of Arrangement Installa- Lummaire Luminaires Measured of Places 
which is illustrated in Fig.2, as a plot t j o n places 
of the luminance factor (3 as the 
f u n c t i o n Of t h e a n g l e Of l ight i n c i - 1 0 f f i c e Luminaire with Broken 5 Diagonal 

dence, 7 I . The luminance factor p is l o u v r e s »ght-band 
t h e q u o t i e n t Of t h e l u m i n a n c e Of t h e 1 a ° f f i c e Luminaire with Broken 4 Diagonal 

reflectance surface and the lumi- l o u v r e s + d e s k l a m p l i g h t"b a n d 

n a n c e Of a ful ly d i f f u s e l y r e f l e c t i n g 2 Drawing Specular-reflector Broken 6 Along and 
reflectance surface. The reflectance o f f i c e luminaires light-band crosswise 
S u r f a c e s u s e d by B & K P1 a n d P2 3 Work place Specular-reflector Broken 6 Crosswise 
„ „ „ U r t . r t j „ . . «^^ -« +~ +u« n«-+ w i t h V D U luminaires light-band between can be rated according to the Reit- ♦ ■ , ,■ ,, u ^ 

° terminal light-bands 
maier rating scale (1) with a bright-
« « ~ « « r t , A « « t i « n r* o *n n c +^«*. ; „ 4 Office Luminaire with Light-band 5 Diagonal ness perception G = 2 to 2,5, that is u.t . 4. . x ^ r white plastics between 
with a medium brightness. diffuser light-bands 

5 Office Luminaire with Light-band 7 Crosswise 
For the discussion of the measure- w h i t e louvres between 

ment results, the function (3 = f (71) light-bands 
for the value of the "Pencil Task" has 
also been illustrated. These plots are 
almost independent of the angle of 
light incidence 71, PT1 and PT2 are installations measured. The rooms contrast rendering factors M for the 
almost diffuse with a brightness per- were all in use, they had not been lighting installations are included in 
ception G = 1,1. selected from the point of view of Table 2. Only the values measured in 

contrast rendering, and the furnish- this way at the work place at a mea-
Measurement results on Real Desk ing of the rooms was first and fore- surement angle 9 = 25° were re-
Work Places most based on requirements of corded, from which the minimum and 

Measurements were carried out work. the maximum value and a mean val-
with the luminance contrast meter in ue of a lighting installation were 
various offices and drawing offices The results of the measurements taken. 
(7). Table 1 gives a survey of the light of the luminance contrast K and the 
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Lighting 
Installa
tion 

Type of Room Type of 
Luminaire 

Installation of 
Luminaires 

Number of 
Measured 

Places 

Arrangement 
of Places 

1 Office Luminaire with 
louvres 

Broken 
light-band 

5 Diagonal 

1a Office Luminaire with 
louvres + desk lamp 

Broken 
light-band 

4 Diagonal 

2 Drawing 
office 

Specular-reflector 
luminaires 

Broken 
light-band 

6 Along and 
crosswise 

3 Work place 
with VDU 
terminal 

Specular-reflector 
luminaires 

Broken 
light-band 

6 Crosswise 
between 

light-bands 

4 Office Luminaire with 
white plastics 

diffuser 

Light-band 5 Diagonal 
between 

light-bands 

5 Office Luminaire with 
white louvres 

Light-band 7 Crosswise 
between 

light-bands 



The results of the contrast K and Table 2 
t h e c o n t r a s t r e n d e r i n q f a c t o r s M a r e Measuring results of luminance contrasts K and contrast rendering factors M 

altogether very alike. Through an ad- I I 
, , ,. , , , Lighting Measurement value at the work place 

equate selection of lights and a rela- installation 
t i ve l y f a v o u r a b l e a r r a n g e m e n t Of Luminance contrasts K % Contrast rendering facter M 
work places with regard to the light- Kmin Kmax Km M m i n Mmax M m 

ing installation good contrast condi-
*■ u u u- -J TU 1 1 7 6 9 3 8 8 ° ' 8 4 1 - 0 2 ° - 9 6 8 

tions have been achieved. The lower 
values in installation 1 were raised i a 90 95 92,7 0,97 1,03 1,01 
quite considerably th rough the prac
t ical management of the l ight ing i n - 2 87 96 92-7 ° - 9 6 1-05 1-02 

stallation as 2 K - lighting, installa- 3 89 95 9 3 8 0 9 6 1 0 4 1 0 2 

t ion 1 a (5, 6). In instal lat ion 4, an 
unfavourable site is d iagnosed wi th 4 86 95 92,2 0,95 1,04 1,01 
kmin = 86%; in the middle, good c o n -

™" ' , • * *u 5 8 9 9 5 92'2 ° ' 9 7 1'04 1'01 

trast conditions are also given at the | | | I I I | 
work places in this room. 

Besides the measurements at the 
respective work places, a systematic 
section through a room can also be 
undertaken. This evaluation possibil
ity will be shown by means of lighting 
installation 2. The arrangement of 
lights and the position of the mea
suring points at intervals of 40 cm in 
the room is shown in Fig.3. This rep
resentation of the contrast rendering 
factors M of the measuring points 1 
to 6 is followed in the line of sight 
along and across the row of lights in 
Fig.4. Owing to the broad polar dia
gram of these lights a higher con
trast rendering factor M is always 
shown longitudinally in the measure
ment direction; on the other hand the F- g 
measurements across the light L ig h t i n g installation 2 
bands bring clear deviations from A r r a n g e m e n t o f t h e refiector-screen 
the contrast rendering factors M. „ h ( g a n d p o s i t j o n o { t h e m e a s u r i n g 

The measurement results make it Doint 
possible to establish good positions 
for the work places. With places ar
ranged across the light bands the 
middle of the work place should be 
at points 1, 5 or 6, as the measuring 
points lying between them are lower, 
i.e. the contrast is more 
unfavourable. 

Comparison of the Results of the 
Measurements 

The absolute values K and M are 
dependant on the reflectance sur
faces, which were used at the mea
surement. As the luminance factor j3 
of the B & K reflectance surfaces are 
not identical with the values of the 
"Pencil Task" tests, a direct record 
of the contrast rendering factors M 
according to the ESI-procedure is Fig.4 Fig.5 
not possible. For some of the work Local distribution of contrast render- Comparison of contrast rendering 
places measured a mathematical ing factors M for the lines of sight factors M between measurements 
comparison between the contrast along and across the row of lights with B & K test objects and calculat-
rendering factors M and the data of ed values for the "Pencil Task" 
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Lighting Measurement value at the work place 
installation 

Luminance contrasts K % Contrast rendering facter M 

Kmin Kmax Km Mmin Mmax Mm 

1 76 93 88 0,84 1,02 0,968 

1a 90 95 92,7 0,97 1,03 1,01 

2 87 96 92,7 0,96 1,05 1,02 

3 89 95 93,8 0,96 1,04 1,02 

4 86 95 92,2 0,95 1,04 1,01 

5 89 95 92,2 0,97 1,04 1,01 



the "Pencil Task" were carried out. Table 3 
The values that are put together in Comparison of contrast rendering factors M 

Table 3 illustrate that there were also | I I I 
Lighting Installation Work Place Measurements with Calculations with 

found better and worse contrast ren- B & K tes t o b j e c t s i i penc j | T a s k „ va lues 
dering factors wi th the "Penci l 
Task" , however, between them the 1 1 1,02 0,9 
values are less di f ferent iated than 2 °-96 ° '9 1 

... ^ « , , * 3 1,0 0,94 
with the B & K reflectance surfaces. 4 0 8 4 o g 2 
These quant i tat ive di f ferences can 5 1I02 0̂ 91 
be t raced to the more highly ref lect-
ing parts in the ref lect ion character- 1a 1 1 , ° 3 ° '9 5 

2 0 97 0 95 
istics of the B & K reflectance 5 , .,'04 0 '96 

surfaces. ' ' 
2 4 1,04 0,94 

A comparison between the two 5 ° '9 8 ° '9 1 

L , . , . , .. 6 0,96 0,94 
contrast rendering factors f rom the 
"Pencil Task" and the B & K stan- 3 2 o,96 0,91 
dard shows even higher values with 3 1,04 0,93 
the B & K ref lectance surfaces, wi th 4_ ^ w ° ^ 
a standard deviat ion S = 0,1044. The standard deviation: s = 0,1044 
descr ip t ion of this compar ison fo l 
lows in Fig.5. With due regard to the 
small number of spot checks with the 
contrast s tandard, conf idence l imits 
for the values which are here under 
considerat ion have been worked out. 
The contrast render ing factors M of 
the "Penci l Task" lie with in conf i 
dence l imits V = ± 0,0134 and for 
the B & K ref lectance surfaces wi th in 
the l imits V = ± 0,0288. Thus a dif
ferent iated statement about the con
trast render ing factors for the mea
surement values can be reached with 
the B & K ref lectance surfaces. 

Directional Measurement Values 
The assessment of a work place 

with the quant i t ies contrast K and 
contrast rendering factor M can also 
be made f rom dif ferent v iewing an
gles # and all d i rect ions <p. In this 
way the contrast and the contrast 
render ing factors of a site are ob- Fig.6 
tained as funct ions of d i rec t ion, i.e., True-angle record ings of the con-
the combined statement about the trasts K for work place 5, l ighting 
contrast v iewing in the work ing area. instal lat ion 2, K25 = 89% with & = 
For site 5 in the l ight ing instal lat ion 2 25° , Kmjn = 67% 
the di rect ional record ing (mapping) 
of the contrast is shown in Fig.6. The 
regional change of the contrast and 
consequent ly also of the contrast 
rendering factor is clear f rom the 
measurement. The contrasts are This contrast value is marked as K25 work f ield does a statement about 
clearly reduced in the outer areas, in Fig.6. The min imum contrast has the regular i ty of the contrast and the 
where there are worse v iewing con- been marked with K m j n in the f igure. contrast rendering factors become 
di t ions than in the central part of the For most work places it appears to meaningful . 
work ing area. be suff ic ient to record the values K 

and M with the v iewing angle d = In order to reach a simpler s tate-
Previous measurements gave only 25° . At places which must be de- ment about the regular d is t r ibut ion 

the results of the measurement angle scr ibed as cr i t ical the di rect ional rat- of the contrasts on the work f ie ld, a 
d = 25° in each case, which can be ing is certainly interest ing and of contrast gradient Kg can be deter-
seen as the mean v iewing angle of st rong value as evidence. Only mined besides the value K25. In this 
human beings at desk work places. through this record ing of the full way the di f ference of the contrasts 
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Lighting Installation Work Place Measurements with Calculations with 
B & K test objects "Pencil Task" values 

1 1 1,02 0,9 
2 0,96 0,91 
3 1,0 0,94 
4 0,84 0,92 
5 1,02 0,91 

1a 1 1,03 0,95 
2 0,97 0,95 
5 1,04 0,96 

2 4 1,04 0,94 
5 0,98 0,91 
6 0,96 0,94 

3 2 0,96 0,91 
3 1,04 0,93 
4 1,04 0,88 

■ ■ ■ .■ ■ 



spectively — the contrast decreases work place has also been taken, and 
J only at the edge of the work area. consequently towards the improve-

10_ '» ment of viewing conditions. 
AK From Fig.7 it is clear that the light-
1 ing installations 1, 1a and 2 obtain References 
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