
  

  
Abstract—The algorithms and devices used in measuring 

luminance have a significant effect on the results to be obtained. 
The two available methods of measuring luminance have shown 
that luminance of two identical lighting sources can be totally 
different owing to certain other factors. Consequently, the 
current paper examined the effect that distance and a coherent 
light source may have on a target light source in regards to 
measured luminance. The results indicate that when the 
distance from the light source is increased on the outdoor, there 
is a decrease in measured luminance. For the second objective, 
the results showed that measured luminance increases by about 
3% and 2% when the coherent light source is on and oriented 
towards the point of measurement at 15˚ and 30˚ respectively. 
 

Index Terms—Luminance, HDR image processing, coherent 
light source. 
 

I. INTRODUCTION 
Luminance measurements can be obtained through surface 

luminance measurement using HDR (High Dynamic Range) 
image processing and point luminance measurement using 
CS-100 luminance meter devices. The quantity of light 
received at the device is converted into luminance. Normally, 
Luminance can be classified into luminance that is directly 
from the light source and luminance that is reflected from 
object or surfaces such as walls, floors, ceilings and the sorts 
[1]. Thus, the measured luminance values differ according to 
the distance from a light source and light source’s orientation, 
and such should be considered before proposing the criteria 
forassessing light pollution. Furthermore, when measuring an 
outdoor light source, according to the luminance 
measurement method, any light source in the surrounding 
area may have an influence on the luminance of the targeted 
light source. 

Recently, the Korean government shifted their attention on 
the effect that light pollution has on visual environment, high 
energy consumption, view of the night time sky as well as its 
adverse effects on well-being of plants and 
animals.Consequently, Korean standards for the purposes of 
reducing and preventing were put in place. These are to be 
followed when installingroad lights, lights for residential 
buildings, commercial advertisements, sports facilities, parks 
and so forth.  

There are several research projects aimed at developing 
methods to be used in evaluating luminance and illuminance 
displayed by existing light sources. Also, many researchers 
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are focusing on studying the appropriateness and accuracy of 
the already existing techniques used to measure different 
quantities of light such as luminance and illuminance. 
Therefore, this study examines luminance changes according 
to the alteration of distance and the relation between the 
measured light source and its surroundings. 
 

II. LUMINANCE MEASUREMENT THEORIES 

A. Algorithm of Luminance 
Luminance can be defined as the intensity of light 

perceived by a human eye. In display and entertainment 
industries, luminance refers to the intensity of light at which 
images are displayed.  

In buildings, luminance can be definedas the brightness of 
light radiated from light fixtures or reflected from building 
surfaces or objects within the building that reaches the human 
eye. Severe luminance difference by indoor building surfaces 
are likely to cause imbalance in brightness within a particular 
area. In addition, diverse building surfaces and objects 
possessing very high differences in their respective 
luminance levels lead to visual discomforts or in few cases 
visual impairment. In order to reduce issues related to 
visibility therefore, designers try to minimize luminance 
differences caused by different finishing materials, artificial 
lighting fixtures, daylighting, irregular space designs and so 
forth. The CIE (Commission Internationale de l’Eclairage) 
gives the formula below to be used generally for luminance 
estimations. 
ܮ  ൌ ௗమФௗ஺ௗΩୡ୭ୱఏ																															(1) 

 is the angle between the surface normal and the specified߆ ,is the luminous flux or luminous power (lm)	is the luminance (cd/m2) Ф	ܮ 
direction, ܣ	is the area of the surface (m2), and Ω	is the solid angle (sr). 
 

that is being radiated directly from the light source. However, 
when dealing with buildings and other enclosed spaces, the 
luminance reaching an eye after the light has been reflected 
several times on surfaces and objects should be considered as 
it also plays a significant role in regards to visibility. 

௩ܮ  ൌ ௗమФೡௗ஺ௗΩୡ୭ୱఏ																																				(2) 

 is the 'visual' luminance (cd/m2)	ܮ 
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The equation shown above gives the value of luminance (L) 



 

sp

 

lu
ob
of
th
po
tw
lu
co
de

B

na
eq
im
be
on
m
in
di
se
su
10
lu
w
be
m
ut
 

SL
m
at
H
no
ca
co
im
be
m

Ф	is the 'visuΘ	 is the ang
pecified directܣ is the area oΩ is the solid 

Unlike formu
uminance from
btained lumina
f formula (1),
he final estima
oint and surfac
wo technique
uminance val
onsider that 
epending on th

B. Measurin
There are tw

amely point lu
quipment and 
mage processi
een noted for 
n light source 

measurements a
n the measure
iameter of the 
et to at least 1
urface to the m
014mm (40 
uminanceis gre

whose luminan
etween the po

measured. Fig. 
tilized for mea

Fig. 1
 
In the case 

LR (Single-L
measurements. 
t the same tim

However, in ca
ot the photo
amera, in ord
ollection of R
maging techni
eing applied in

movie producti

ual' luminous f
gle between t
tion, 

of the surface 
angle (sr). 

mula (1), formu
m a human 
ance is derive
 visibility and

ate. The same 
ce luminance 

es are not b
lues of illum
luminance le
he velocity of

ng Devices of L
wo methods ad
uminance mea

surface lumi
ing technique
their inaccur
surfaces. For 
and the measu
ed luminance 
surface whose

14.4mm and t
measuring poi
inches) [3]. 
eatly affected

nce is being m
oint of measu
1 shows the C

asuring point l

. Correlation of e

of CS-100 an
Lens-Reflex) 
This generate

me   high-brig
ase of HDR, it
electric elem

der to obtain 
RGB digital in
iques range b
n camera desi
ions and so fo

flux or lumino
the normal o

(m2), and 

ula (2), consi
eye perspec

ed from the sam
d luminance a
formula can b
measurement

based on es
minating surf
evels are sub
f the light [2]. 

Luminance 
dopted for me
asured by usin
inance measur
es. CS and L
racy when me
example, whe

uring angle ex
can be grea

e luminance is
the minimum
int set at a mi

This indicat
d by the diam
measured as w
urement and 
CS-100 lumin
luminance. 

exposure value an

nd LS-100 op
optical me

es a sufficient
ghtness to be 
t uses the ima

ment measured
luminance i

nformation pe
ack to a few 
igns, software
orth. HDRI is

ous power (lm
of surface and

iders the estim
ctive. Whilst
me quantity a
are both merg
be utilized for
t techniques. T
stimating abs
faces but in
bjected to ch

easuring lumin
ng either CS o
red by using 
S equipment 

easuring lumin
en using LS 10
ceeds 1˚, the e

atly reduced i
s being measu

m distance from
nimum distan
tes that mea

meter of the su
well as the dis

the surface b
nance meter d

nd luminance. 

ptical instrum
eter is used
t level of accu
also measurem

age sensor of C
d using a d
information a
er pixel [4].
decades ago.

e image proces
s quickly repl

m), 
d the 

mated 
t, the 
as that 
ged in 
r both 
These 
solute 
nstead 
hange 

nance 
or LS 
HDR 
have 

nance 
00 for 
errors 
if the 

ured is 
m the 
nce 0f 
sured 

urface 
stance 
being 

device 

 

ments, 
d for 
uracy 
ment. 
CCD, 

digital 
as the 
HDR 
. It is 
ssing, 
acing 

conv
HDR
their
singl
lumi
cann
rang
contr
to ab
eye. 
meas

HD
lumi
temp
the l
[3]. 
“the 
light
 

Fi
Univ
using
equip
of an
show
regio
evalu

C.
N

Th
sourc
theor
to di
[7], 
light
sourc
Also
visua
lumi
visua
CS-1
when
towa
sourc
neigh

ventional phot
RI centers on 
r individual v
le image shot u
inance contras
not be detected
e (HDR) tec
rast images an
bout 1: 10000
Fig. 1 shows

sured luminan
DR image p
inance value
perature, size 
light may give
Such factors 
act on preven

ting” 

Fig. 2. HDR 

ig. 2 shows 
versity, South
g HDRImagin
pment whose 
n ordinary sky
ws the range o
ons shown in 
uated luminan

Methodology
Neighboring L
he present pap
ce on the lum
retical studies
iffraction, chro
[8] but very 
ting physical 
ce, reflectance

o, research stu
al assessment
inance contras
al field [10].
100 to measur
n the coheren
ards the CS-10
ce was insta
hboring light 

tography. The
the relationsh

values to cont
using a digital
st of 1: 10000
d by a human e
hnology is u
nd thus increa
00 which can 
s the relation 
nce [6]. 
processing can
s of uneven
of the light s
e rise to varia
should be co
ntion of light 

Image for surfac

a sky simul
h Korea, whe
ngwas perfor
main purpose

y.The circle nu
of luminance 
the picture in

nce.  

gy: Luminance
Light Source 
per discusses 

minance displa
s considered l
omatic and sp
few studies h
characteristic
e and angle on
udies have u
t tool as well 
st data to be us

In the curre
e the luminanc

nt light source
00 device at di
lled in the s
source (Fig. 3

e main reason
hip between pi
trol image app
l camera can h
0, such lumin
eye. Therefore

used to merge
asing their lum
then be detec
between expo

n also be us
n surfaces, 
source and the
ations in meas
nsidered whe
pollution cau

ce luminance mea

ator located 
ere luminance
rmed. A sky 
e is to emulate
umbered 1 in th
estimation. A
ndicate the dis

e Interference 

the effect of 
ayed by a tar
luminance cha
pherical aberra
have dealt wit
s such as dist
n the perceive
used HDR ph
 as to collect
sed in the anal
ent study ther
ce displayed b
e is illuminat
ifferent angles
sky simulator
3) 

n for this is th
ixels rather th
pearance [5]. 

have a maximu
nance conditio
e High Dynam
e so many lo

minance contr
cted by a hum
osure value a

sed to measu
however co

e distribution 
sured luminan
en implementi
used by artific

asurement. 

in Kyung H
e measuremen
simulator is 

e the appearan
he picture abo

Also, the color
stribution of t

Caused by a 

a coherent lig
get source. P
anges in regar
ations of the e
th the impact 
tance from lig
d brightness [

hotography as
t luminance a
lysis of human
refore, we us
by the target ar
ing and point

s. One extra lig
r to serve as

 

hat 
han 

A 
um 
ons 
mic 
ow 
ast 

man 
and 

ure 
lor 
of 

nce 
ing 
cial 

 

Hee 
nts 
an 

nce 
ove 
ful 
the 

ght 
ast 
rds 
eye 

of 
ght 
9]. 
s a 
and 
n’s 
sed 
rea 
ted 
ght 
s a 

340

IACSIT International Journal of Engineering and Technology, Vol. 7, No. 4, August 2015



  

The distance from the target surface to the point of 
measurement is 3 meters, and the angles of coherent light 
source were changed from 0 degree to 30 degrees. In order to 
minimize errors in the experiment, CS-100 luminance meter 
only was used to measure the luminaire influence. The target 
light source and coherent light source are of a similar nature. 
In addition, each surface was measured 3 times during the 
experiment, and the average of the results presented. 
 

 
Fig. 3. Evaluation of coherent luminaire influence on luminance.  

 

 
Fig. 4. Experiment using CS-100 in a sky simulator. 

 

Fig. 4 shows the process of performing the experiment in 
the sky simulator. The matt material was attached on the 
target surface to reduce the effect of unintended reflection 
caused by room surfaces, which in turn could have a 
significant effect on the amount of the luminance measured. 
Also, in order to reduce the possibility of errors, the CS-100 
luminance meter device was firmlyanchored on a tripod to 
limit movements or shaking 
 

III. RESULTS 

A. Luminance Measurement in an Outdoor Environment 
Depending on the Distance 
This study focused on the difference displayed by 

measured luminance obtained through two different methods. 
The first measurements were obtained through the use of 
point luminance meter and the second measurements were 
obtained through the application of HDRI processing 
technique. Fig 5 shows the results obtained from outdoor 
lighting sources that were placed 4 meters away to 10 meters 
away in an identical measuring condition at night. The 

luminance values produced by HDRI processing was higher 
than those produced by CS-100 by about 1.5 times regardless 
of the distance. Also, the longer the measuring distance was, 
the smaller the luminance became. Thus, different algorithms 
are able to affect the luminance depending on the measuring 
distance. 
 

 
Device

Distance HDRI CS-100 

4m 42,000cd/m² 26,800cd/m² 
10m 32,000cd/m² 21,800cd/m² 

Fig. 5. Comparisonof HDRI with CS-100 for surface luminance. 
 

B. Luminance Interference by a Neighboring Light Source 
Since there may be great differences upon a direct 

measurement of the light source, the experiment was 
conducted at the measurement target surface, which is the 
same as the one used for other experiments. As explained in 
previous sections of this paper, this experiment was 
conducted inside a sky simulator in which two light sources 
were installed. One light source was considered as our target 
light source and the other one as the neighboring light source. 
During this study, we measured the luminance on the target 
area when the neighboring light source was switched off, 
switched and tilted to a 15 degree angle, and switched on and 
tilted at a 30 degree angle facing the luminance meter. The 
equipment used here was a CS-100 luminance meter 
positioned facing the front. Fig 6 shows the graph comparing 
the luminance values when the coherent light source is 
switched off, switched on and tilted to a 15 degree angle, and 
switched on and tilted to a 30 degree respectively from left to 
right. 
 

 
Fig. 6. Luminance with coherent lighting source. 

 

IV. CONCLUSION 
This study intended to examine the changes in luminance 

caused by alterations in the distance between the point being 
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