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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

Th e  I n te rn ati on al  Co m m i ssi o n  on  I l l u m i n ati on  ( CI E )  i s  an  org an i za ti o n  d e vo ted  to  i n te rn ati on a l  co -opera ti o n  an d  e xch an g e  
o f i n fo rm ati on  am on g  i ts  m em ber cou n tri es  on  a l l  m a tte rs  re l a ti n g  to  th e  art  an d  sci en ce  o f l i g h ti n g .   I ts  m e m be rsh i p  
co n si s ts  o f th e  N a ti on a l  Co m m i ttees  i n  abou t  4 0  cou n tri es.  

Th e  ob j ecti ves  of th e  C I E  are :  
1 .  To  pro vi d e  an  i n tern a ti o n al  fo ru m  for th e  d i scu ss i on  of a l l  m a tters  re l a ti n g  to  th e  s ci en ce ,  tech n ol og y an d  a rt  i n  

th e  fi e l d s  of l i g h t  an d  l i g h ti n g  an d  for th e  i n terch an g e  o f i n fo rm ati on  i n  th ese  fi e l d s  betwe en  cou n tri es.  
2 .  To  d e ve l op  basi c  stan d ard s  an d  proce d u res  of m etrol o g y i n  th e  fi e l d s  of l i g h t  an d  l i g h ti n g .  
3 .  To  pro vi d e  g u i d an ce  i n  th e  app l i ca ti o n  o f pri n ci p l e s  a n d  p roced u res  i n  th e  d e ve l op m en t of i n tern a ti o n al  an d  

n a ti o n al  s tan d ard s  i n  th e  fi e l d s  of l i g h t  an d  l i g h ti n g .  
4 .  To  p repare  an d  pu b l i sh  sta n d ard s ,  re ports  an d  o th er p u bl i cati on s  con cern e d  wi th  a l l  m atters  re l a ti n g  to  th e  

s ci en ce ,  tech n ol og y an d  art  i n  th e  fi e l d s  of l i g h t  an d  l i g h ti n g .  
5 .  To  m ai n ta i n  l i a i so n  an d  tech n i ca l  i n teracti o n  wi th  oth er i n tern a ti o n al  org an i za ti o n s  con ce rn ed  wi th  m atters  

re l ated  to  th e  sci en ce ,  te ch n o l og y,  s tan d a rd i za ti on  an d  art  i n  th e  fi e l d s  of l i g h t  an d  l i g h ti n g .  

Th e  work of th e  CI E  i s  carri ed  ou t  b y Tech n i ca l  Co m m i ttees,  o rg an i zed  i n  s i x D i vi s i on s.   Th i s  work co vers  s u bj ects  
ra n g i n g  fro m  fu n d am en ta l  m a tters  to  a l l  typ es  o f l i g h ti n g  ap pl i ca ti o n s.   Th e  s tan d ard s  an d  tech n i ca l  reports  d e ve l op ed  b y 
th ese  i n tern a ti on a l  D i vi s i on s  of th e  CI E  are  accep ted  th rou g h ou t  th e  worl d .  
A p l en a ry s es si on  i s  h e l d  e very fou r ye ars  at  wh i ch  th e  work of th e  D i vi s i on s  an d  Tech n i ca l  Com m i ttees  i s  reported  an d  
re vi e we d ,  a n d  p l an s  a re  m ad e  for th e  fu tu re .   Th e  C I E  i s  recog n i zed  as  th e  au th o ri ty o n  a l l  aspects  o f l i g h t  an d  l i g h ti n g .   
As  su ch  i t  occu pi es  a n  i m p orta n t  posi ti o n  a m on g  i n tern a ti on al  org a n i za ti o n s.  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Co m m i s si on  I n tern ati on al e  d e  l ' Ecl a i rag e  (CI E )  est  u n e  o rg an i sati on  q u i  se  d on n e  pou r bu t  l a  co opéra ti on  
i n tern ati on a l e  e t  l 'é ch an g e  d ' i n form a ti on s  en tre  l es  P a ys  m e m b res  su r tou tes  l es  q u esti on s  re l ati ves  à  l 'art  e t  à  l a  s ci en ce  
d e  l 'écl a i rag e.   E l l e  est  co m posée  d e  Com i té s  N a ti on a u x représe n tan t  en vi ro n  4 0  pa ys .  

Le s  ob j ecti fs  d e  l a  CI E  son t  :  
1 .  D e  co n sti tu e r u n  ce n tre  d 'é tu d e  i n tern ati on a l  pou r tou te  m ati ère  re l e va n t  d e  l a  sci en ce ,  d e  l a  tech n ol o g i e  e t  d e  l 'art  

d e  l a  l u m i ère  et  d e  l ' écl a i rag e  et  po u r l ' éch an g e  en tre  pa ys  d ' i n form a ti o n s  d an s  ce s  d o m a i n es .  
2 .  D ' é l ab orer d es  n o rm es  et  d es  m éth od es  d e  ba se  p ou r l a  m étrol o g i e  d an s  l e s  d o m a i n es  d e  l a  l u m i ère  et  d e  

l 'écl a i rag e .  
3 .  D e  d on n er d es  d i recti ve s  pou r l ' app l i ca ti on  d es  p ri n ci pes  et  d es  m é th od e s  d ' é l ab or ati on  d e  n orm es  i n tern a ti o n a l es  

e t  n a ti o n al es  d an s  l e s  d o m a i n es  d e  l a  l u m i ère  e t  d e  l 'écl a i rag e .  
4 .  D e  p réparer et  pu bl i er d es  n orm es ,  rappo rts  et  au tres  te xtes ,  co n cern an t  tou tes  m a ti è res  re l ati ves  à  l a  s ci en ce ,  l a  

tech n o l og i e  e t  l 'art  d an s  l es  d om ai n es  d e  l a  l u m i è re  e t  d e  l ' écl a i rag e .  
5 .  D e  m a i n ten i r u n e  l i a i so n  et  u n e  col l aborati on  tech n i q u e  a ve c l es  au tres  org an i sati on s  i n tern a ti on al es  co n cern ée s  

pa r d es  s u j e ts  re l ati fs  à  l a  sci en ce,  l a  tech n ol og i e ,  l a  n o rm al i sa ti on  et  l 'art  d an s  l es  d om ai n es  d e  l a  l u m i è re  e t  d e  
l 'écl a i rag e .  

Le s  tra va u x d e  l a  CI E  son t  effectu és  par Co m i tés  Tech n i q u es,  org an i s és  en  s i x  D i vi s i on s.   Les  su j ets  d 'é tu d es  s 'éte n d en t  
d e s  q u esti on s  fon d a m en ta l es ,  à  to u s  l es  typ es  d ' appl i ca ti on s  d e  l 'écl a i ra g e.   Les  n orm es  e t  l es  rapp orts  tech n i q u es  
é l aborés  p ar ces  D i vi s i on s  I n tern a ti o n al e s  d e  l a  CI E  so n t  recon n u s  d an s  l e  m on d e  en ti er.  
Tou s  l es  q u atre  an s ,  u n e  S e ssi on  p l én i ère  p asse  e n  re vu e  l e  tra va i l  d e s  D i vi s i on s  e t  d es  Com i tés  Tech n i q u es ,  en  fa i t  
ra pport  e t  é tab l i t  l es  p roj ets  d e  tra va u x p ou r l ' a ve n i r.   La  CI E  e st  recon n u e  com m e  l a  p l u s  h au te  au tori té  en  ce  q u i  
co n cern e  tou s  l es  asp ects  d e  l a  l u m i ère  et  d e  l ' écl a i ra g e.   E l l e  occu pe  com m e  te l l e  u n e  pos i ti on  i m po rtan te  pa rm i  l es  
org an i sati on s  i n tern a ti on al es .  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  

D i e  I n te rn ati on al e  B e l eu ch tu n g sko m m i ssi on  ( C I E )  i s t  e i n e  Org an i sati on ,  d i e  s i ch  d er i n te rn ati on a l en  Zu sa m m en a rbei t  u n d  
d e m  Au stau sch  vo n  I n form a ti o n en  zwi s ch en  i h ren  M i tg l i ed sl än d ern  be zü g l i ch  d er Ku n s t  u n d  Wi ss en sch a ft  d er L i ch ttech n i k 
wi d m et.   D i e  M i tg l i ed sch aft  b esteh t  a u s  d e n  N a ti on al en  Ko m i tees  i n  ru n d  4 0  Län d e rn .  

D i e  Zi e l e  d er CI E  s i n d :  
1 .  E i n  i n tern a ti on al es  Fo ru m  fü r D i s ku ssi o n en  a l l er F rag en  au f d em  G ebi e t  d er Wi ssen sch aft,  Tech n i k  u n d  Ku n s t  d e r 

L i ch ttech n i k  u n d  fü r d en  I n form ati on s au sta u sch  au f d i es en  G eb i e ten  zwi sch en  d en  e i n zel n en  Län d ern  zu  se i n .  
2 .  G ru n d n orm e n  u n d  Verfah re n  d er M esstech n i k au f d e m  G ebi e t  d er L i ch ttech n i k  zu  en twi cke l n .  
3 .  Ri ch tl i n i en  fü r d i e  An wen d u n g  vo n  Pri n zi p i en  u n d  Vorg än g en  i n  d e r E n twi ckl u n g  i n tern ati on a l er u n d  n ati on a l er 

N orm e n  au f d em  G eb i et  d er L i ch ttech n i k  zu  ers te l l en .  
4 .  N orm e n ,  B e ri ch te  u n d  an d ere  Pu b l i kati on en  zu  erste l l en  u n d  zu  ve rö ffen tl i ch en ,  d i e  a l l e  Fra g en  a u f d e m  G eb i et  d er 

Wi s sen sch a ft,  Tech n i k  u n d  Ku n s t  d e r L i ch ttech n i k b etre ffe n .  
5 .  L i a i s on  u n d  te ch n i sch e  Zu sa m m en a rbe i t  m i t  an d eren  i n tern a ti on al en  O rg an i s a ti on en  zu  u n te rh a l te n ,  d i e  m i t  F ra g en  

d e r Wi ssen sch aft,  Tech n i k,  N orm u n g  u n d  Ku n s t  au f d e m  G eb i et  d er L i ch tte ch n i k zu  tu n  h aben .  

D i e  Arbei t  d er CI E  wi rd  d u rch  Tech n i s ch e  Kom i tees  g e l e i s tet,  d i e  i n  s ech s  D i vi s i on en  org an i s i e rt  s i n d .   D i es e  Arbei t  
be tri fft  G e bi e te  m i t  g ru n d l eg e n d e m  I n h a l t  b i s  zu  a l l en  Arten  d er L i ch tan wen d u n g .   D i e  N orm e n  u n d  Tech n i s ch en  B eri ch te,  
d i e  vo n  d i esen  i n tern a ti o n al  zu sa m m en g e s etzten  D i vi s i on en  a u sg earbe i te t  we rd e n ,  s i n d  au f d er g an zen  Wel t  an e rkan n t.  
Al l e  vi er J ah re  fi n d et  e i n e  Sess i on  s tatt,  i n  d e r d i e  Arbe i ten  d e r D i vi s i o n en  beri ch tet  u n d  ü berprü ft  werd en ,  sowi e  n eu e  
P l än e  fü r d i e  Zu ku n ft  au sg ea rbe i te t  werd en .   D i e  CI E  wi rd  a l s  h ö ch ste  Au to ri tät  fü r a l l e  As pekte  d es  L i ch tes  u n d  d er 
B e l eu ch tu n g  an g es eh en .   Au f d i ese  Wei se  u n terh ä l t  s i e  e i n e  bed eu ten d e  S te l l u n g  u n ter d en  i n tern a ti on al en  
O rg an i s ati on en .  
 
P u b l i s h ed  b y th e  

C O M M I S S I O N  I N TE RN ATI O N ALE  D E  L ' E CLAI RAG E  
C I E  Cen tra l  B u rea u  

B ab en berg ers tras se  9 ,  A-1 0 1 0   Vi en n a ,  AU S TRI A 
Te l :  + 4 3 (1 )7 1 4  3 1  8 7  

e-m a i l :  ci ecb @ci e. co . at  
www. ci e . co. a t  
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i i  

Th i s  Tech n i cal  Report h as  been  prepared  by CI E  J oi n t  Tech n i cal  Com m i ttee  7  of D i vi s i on  1  
"Col ou r an d  Vi s i on ”  an d  D i vi s i on  3  " I n teri or En vi ron m en t an d  Li g h ti n g  Desi g n "  an d  h as  been  
approved  by th e  B oard  of Ad m i n i strati on  an d  by D i vi s i on s  1  an d  3  of th e  Com m i ssi on  
I n tern ati on al e  d e  l 'Ecl ai rag e .  Th e  d ocu m en t reports  on  cu rren t kn owl ed g e  an d  experi en ce  
wi th i n  th e  speci fi c fi e l d  of l i g h t an d  l i g h ti n g  d escri bed ,  an d  i s  i n ten d ed  to  be  u sed  by a l l  wi th  
an  i n terest i n  excel l en ce  i n  l i g h t an d  l i g h t i n g .  Th e  i n form ati on  provi d ed  h ere  i s  ad vi sory,  an d  
n ot m an d atory.  

Ce  rapport tech n i q u e  a  été  é l aboré  par l e  Com i té  Tech n i q u e  m i xte  (J TC)  7  d e  l a  D i vi si on  1  
"Vi s i on  et Cou l eu r"  et  D i vi s i on  3  " En vi ron n em en t i n téri eu r et étu d e  d e  l 'écl ai rag e "  et a  été  
approu vé  par l e  Bu reau  et par D i vi s i on s  1  et 3  d e  l a  Com m i ssi on  I n tern ati on al e  d e  l 'Ecl a i rag e .  
Le  d ocu m en t expose  l es  con n ai ssan ces  et l 'expéri en ce  actu el l es  d an s  l e  d om ai n e  parti cu l i er 
d e  l a  l u m i ère  et d e  l 'écl ai rag e  d écri t i ci .  I l  est  d esti n é  à  être  u ti l i sé  par tou s  ceu x q u i  
s ' i n téressen t à  l 'excel l en ce  d e  l a  l u m i ère  et d e  l 'écl ai rag e .  Les  i n form ati on s  fou rn i es  i ci  son t 
d on n ées  à  ti tre  i n d i cati f et n on  obl i g atoi re .   

D i eser Tech n i sch e  Beri ch t i st  vom  g em ei n sch aftl i ch en  Tech n i sch en  Kom i tee  (J TC)  7  d er 
D i vi s i on  1  "S eh en  u n d  Farbe "  u n d  D i vi s i on  3  " I n n en rau m  u n d  Bel eu ch tu n g sen twu rf"  
au sg earbei tet u n d  vom  Vorstan d  sowi e  D i vi si on  1  u n d  D i vi s i on  3  d er Com m i ssi on  
I n tern ati on al e  d e  l 'Ecl a i rag e  g ebi l l i g t word en .  D as  Doku m en t beri ch tet ü ber d en  d erzei ti g en  
Stan d  d es  Wi ssen s  u n d  Erfah ru n g  i n  d em  beh an d el ten  G ebi et von  Li ch t u n d  Bel eu ch tu n g .  Es  
i st zu r Verwen d u n g  d u rch  a l l e  an  L i ch t-  u n d  Bel eu ch tu n g sq u al i tät  I n teressi erte  besti m m t.  D i e  
i n  d i esem  Doku m en t g eg eben en  I n form ati on en  s i n d  ei n e  Em pfeh l u n g  u n d  kei n e  Vorsch ri ft.  

An y m en ti on  of org an i zati on s  or prod u cts  d oes  n ot i m pl y en d orsem en t by th e  CI E.  Wh i l st 
every care  h as  been  taken  i n  th e  com pi l ati on  of an y l i sts,  u p  to  th e  ti m e  of g oi n g  to  press,  
th ese  m ay n ot be  com preh en si ve.   

Tou te  m en ti on  d 'org an i sm e ou  d e  prod u i t  n ' i m pl i q u e  pas  u n e  préféren ce  d e  l a  CI E .  M al g ré  l e  
soi n  apporté  à  l a  com pi l ati on  d e  tou s  l es  d ocu m en ts  j u sq u 'à  l a  m i se  sou s  presse,  ce  travai l  n e  
sau rai t  être  exh au sti f.   

D i e  Erwäh n u n g  von  Org an i sati on en  od e r Erzeu g n i ssen  bed eu tet kei n e  B i l l i g u n g  d u rch  d i e  
CI E.  Obg l ei ch  g roße  Sorg fal t bei  d er Erstel l u n g  von  Verzei ch n i ssen  b i s  zu m  Zei tpu n kt d er 
Dru ckl eg u n g  an g ewen d et wu rd e,  besteh t d i e  M ög l i ch kei t,  d ass  d i ese  n i ch t vol l stän d i g  s i n d .   
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Th e  fol l owi n g  m em bers  of J TC 7  “Discomfort caused by glare from luminaires with  a non-uniform 
source luminance“  took part i n  th e  preparati on  of th i s  Tech n i cal  Report.  Th e  com m i ttee  com es  
u n d er D i vi si on  1  “Vis ion  and  Colour”  and  D ivi sion  3  “ I n teri or En vi ron m en t an d  L i g h ti n g  
Desi g n ”  
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DISCOMFORT CAUSED BY GLARE FROM LUMINAIRES WITH A NON-UNIFORM 
SOURCE LUMINANCE 

Summary 

I n  1 995  th e  CI E  Tech n i cal  Com m i ttee  3 -1 3  d evel oped  th e  U n i fi ed  G l are  Rati n g  (U G R)  to  
pred i ct d i scom fort g l are  for i n d oor l i g h ti n g  system s.  For practi cal  reason s,  th e  U G R i s  based  
on  th e  averag e  sou rce  l u m i n an ce.  Th e  i n trod u cti on  of LED s  i n  g en eral  l i g h ti n g  en abl ed  m an y 
n ew l u m i n ai re  d esi g n s,  som eti m es  wi th  u n preced en ted  h i g h  l u m i n an ce  con trasts .  Th e  
l i teratu re  revi ew presen ted  i n  th i s  repo rt sh ows  th at U G R ten d s  to  u n d eresti m ate  th e  
d i scom fort provoked  by su ch  l u m i n ai res  wi th  h i g h l y n on -u n i form  sou rce  l u m i n an ce.  Several  
U G R correcti on  m eth od s  are  eval u ated  by com pari son  to  experi m en tal  d ata  on  experi en ced  
d i scom fort  from  u n i form  an d  n on -u n i form  l i g h t sou rces.  Th e  preferred  m eth od  i n vol ves  a  
preci se  d efi n i ti on  of th e  g l are  sou rce  area  based  on  a  l u m i n an ce  i m ag e  of th e  sou rce.  Th i s  
m eth od  sol ves  th e  d i screpan ci es  between  U G R an d  percei ved  g l are  from  n on -u n i form  l i g h t 
sou rces.  To  g u i d e  fu tu re  work on  g l are  pred i cti on  m eth od s,  th e  rem ai n i n g  sh ortcom i n g s  of 
U G R are  bri efl y revi ewed .  

 

INCONFORT CAUSE PAR L'EBLOUISSEMENT PROVENANT DE LUMINAIRES A 
LUMINANCE NON-UNIFORME 

Résumé 

En  1 995  l e  Com i té  Tech n i q u e  3 -1 3  d e  l a  CI E  a  d ével oppé  u n e  form u l e  d e  préd i cti on  d e  
l ’ éblou issement d ’ inconfort pour l ’écla i rage  i n térieur,  appelée  Un i fied  G lare  Rating  (UGR).  
Pour des  ra isons  pratiques,  l ’UGR se  base  sur l a  l uminance  moyenne  de  l a  source  
ébl ou i ssan te.  Le  d ével oppem en t d es  LEDs  en  écl a i rag e  g én éral  a  fa i t  ém erg e r u n e  g ran d e  
vari été  d e  n ou veau x m od èl es  d e  l u m i n ai res,  en traîn an t parfoi s  d es  con trastes  d e  l u m i n an ce  
é l evés  au  sei n  d u  l u m i n ai re,  j am ai s  vu  au paravan t .  La  rech erch e  b i b l i og raph i q u e  présen tée  
dans  ce  rapport montre  que  l ’UGR a  tendance  à  sous -estimer l ’ i n con fort  provoq u é  par d e  te l s  
l u m i n ai res  présen tan t u n e  très  forte  n on -u n i form i té  d e  l u m i n an ce.  Pl u si eu rs  m éth od es  d e  
correction  de  l ’UGR sont évaluées  en  l es  comparant à  des  données  expérimentales  
d ’ i n con fort  ressen ti  face  à  d es  sou rces  l u m i n eu ses  u n i form e s  et n on -u n i form es.  La  m éth od e  
fi n al em en t reten u e  se  base  su r u n e  d éfi n i ti on  préci se  d e  l a  su rface  d e  l a  sou rce  ébl ou i ssan te  
à  parti r d ’une  image  de  l uminance  de  cel le -ci .  Cette  m éth od e  su ppri m e  l es  d i verg en ces  en tre  
l e  n iveau  d ’éblou issement préd i t  par l ’ UGR et l ’ éblou issement réel lement perçu .  Pou r ori en ter 
l es  fu tu rs  travau x su r l es  m éth od es  d e  préd i cti on  de  l ’éblou issement,  l es  l i m i tes  restan tes  d e  
l ’UGR son t brièvement résumées.  

 

PSYCHOLOGISCHE BLENDUNG VON  LEUCHTEN  MIT INHOMOGENER 
LEUCHTDICHTESTRUKTUR 

Zusammenfassung  

I m  J ah re  1 995  en twi ckel te  d as  Tech n i sch e  Kom i tee  3 -1 3  d er CI E  d as  U n i fi ed  G l are  Rati n g  
(U G R)  zu r Vorh ersag e  d er psych ol og i sch e n  B l en d u n g  i n  I n n en räu m en .  Au s  prakti sch en  
G rü n d en  basi ert d as  U G R-Verfah ren  au f e i n er m i ttl eren  Leu ch td i ch te  d er  B l en d q u el l e.  D i e  
E i n fü h ru n g  von  LEDs  i n  d er Al l g em ei n bel eu ch tu n g  erm ög l i ch te  vi e l e  n eu e  Leu ch ten d esi g n s,  
d i e  te i l wei se  zu  u n vorh erg eseh en  h oh en  Leu ch td i ch tekon trasten  i n n erh al b  d er Leu ch te  
fü h rten .  D i e  i n  d i esem  Report vorg estel l te  Li teratu rrech erch e  zei g t,  d ass  U G R zu  e i n er 
U n tersch ätzu n g  d es  d u rch  d i e  B l en d u n g  h ervorg eru fen en  U n beh ag en s  ten d i ert,  d i e  von  
sol ch en  Leu ch ten  m i t  stark i n h om og en er Leu ch td i ch testru ktu r h ervorg eru fen  wi rd .  M eh rere  
M eth od en  zu r Korrektu r d es  U G R-Verfah ren s  werd en  m i tte l s  experi m en tel l er Daten  bewertet,  
i n d em  d i e  Werte  au s  d en  Korrektu rm eth od en  m i t d em  wah rg en om m en en  U n beh ag en  au fg ru n d  
d er B l en d u n g  von  h om og en en  u n d  i n h om og en en  Li ch tq u el l en  verg l i ch en  werd en .  D i e  
bevorzu g te  M eth od e  en th äl t  e i n e  präzi se  D efi n i ti on  d er B l en d q u el l en fl äch e,  basi eren d  au f 
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e i n em  Leu ch td i ch tebi l d  d er B l en d q u el l e.  D i ese  M eth od e  beh ebt d i e  Di skrepan zen  zwi sch en  
U G R u n d  d er wah rg en om m en en  B l en d u n g  von  i n h om og en en  Li ch tq u el l en .  Al s  Au sbl i ck u n d  
H i l festel l u n g  fü r zu kü n fti g e  Arbei ten  zu  B l en d u n g svorh ersag em eth od en  werd en  d i e  
verbl ei ben d en  Sch wäch en  von  U G R ku rz d arg estel l t.  
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1  

1  In troduction  and  scope  

D i scom fort g l are  i s  an  aspect of vi su al  com fort th at i s  re l evan t for d eterm i n i n g  th e  q u al i ty of a  
l i g h ti n g  system .  I t  i s  th e  type  of g l are  th at occu rs  wh en  peopl e  com p l ai n  abou t vi su al  
d i scom fort from  bri g h t l i g h t sou rces,  even  wh en  th e  bri g h tn ess  i s  n ot i m pai ri n g  vi s i on .  I n  
con trast wi th  so -cal l ed  d i sabi l i ty g l are,  wh i ch  i s  cau sed  by l i g h t scatteri n g  i n  th e  eye,  th e  
m ech an i sm  for d i scom fort g l are  i s  n ot wel l  u n d erstood .  I t  i s  u su al l y m easu red  by u si n g  
su bj ecti ve  eval u ati on  q u esti on n ai res.  S everal  em pi ri cal  form u l ae  based  on  su bj ecti ve  g l are  
eval u ati on s  h ave  been  proposed  over th e  past 60  years  to  pred i ct th e  d eg ree  of d i scom fort for 
vari ou s  types  of l i g h t sou rces ,  e l ectri c l i g h ti n g  or d ayl i g h ti n g ,  an d  for vari ou s  appl i cati on s  i n  
i n d oor or ou td oor l i g h ti n g  (see  e . g .  Boyce,  201 3) .  

For i n d oor l i g h ti n g ,  i t  i s  g en eral l y ag reed  th at d i scom fort g l are  prod u ced  by an  i n d i vi d u al  
sou rce  basi cal l y d epen d s  on  fou r m ai n  param eters:  th e  sou rce  l u m i n an ce  i n  th e  d i recti on  of 
th e  observer,  Ls ,  the  sol id  ang le  subtended  by the  source  at the  observer’s  eye ,   ,  th e  
angu lar posi tion  of the  source  i n  the  observer’s  fie ld  of view ,  i n d i cated  by th e  posi ti on  i n d ex,  
p ,  an d  th e  g en eral  fi el d  l u m i n ance  con trol l i ng  the  adaptation  l evel  of the  observer’s  eye,  or 
backg rou n d  l u m i n an ce ,  Lb .  M oreover,  i t  i s  a l so  ackn owl ed g ed ,  th at Ls  m u st be  g reater th an  
500  cd · m−2  to  700  cd · m −2  for d i scom fort to  exi st  (CI E,  1 983) .  I n  1 995  th e  CI E  Tech n i cal  
Com m i ttee  3 -1 3  d evel oped  a  practi cal  d i scom fort g l are  eval u ati on  system  for i n d oor l i g h ti n g ,  
i n cl u d i n g  th e  fou r above  m en ti on ed  param eters,  wh i ch  resu l ted  i n  th e  U n i fi ed  G l are  Rati n g ,  
U G R (CI E ,  1 995) .  Th e  formu l a  for cal cu l ati on  of a  n u m eri cal  val u e  of U G R,  RU G ,  i s  expressed  
by Eq u ati on  (1 ) :   

2
s

UG 2
b

0, 25
8 log

L
R

L p

 
  

 
  (1 ) 

wh ere  th e  su m m ati on  i s  over a l l  sou rces  i n  th e  fi e l d  of vi ew an d  wh ere  

Ls  i s  th e  sou rce  l u m i n an ce  i n  th e  d i recti on  of th e  observer;  

  i s  the  sol i d  ang le  subtended  by the  source  at  the  observer’ s  eye;  

p  i s  th e  posi ti on  i n d e x,  wh i ch  d epen d s  on  th e  an g u l ar posi ti on  of th e  sou rce  i n  th e  
observer’s  fie l d  of view;  

Lb  i s  th e  g en eral  fi e l d  l u m i n an ce  con trol l i n g  th e  ad aptati on  l evel  of th e  observer ’s  eye,  or 
backg rou n d  l u m i n an ce .  

I t  sh ou l d  be  n oted  th at th i s  U G R form u l a  i s  val i d  on l y for sou rces  wh i ch  h ave  a  su bten se  at 
th e  eye  between  0 , 0003  sr an d  0 , 1  sr (wh i ch  correspon d s  approxi m atel y to  th e  ran g e  covered  
by sq u are  l u m i n ai res  wi th  s i d es  of 5  cm  u p  to  1  m  at 3  m  d i stan ce).  For sm al l er sou rces,  th e  
d i scom fort g l are  i s  rel ated  to  l u m i n ou s  i n ten si ty rath er th an  to  l u m i n an ce  (CI E,  2002 ).  I t  
sh ou l d  a l so  be  n oted  th at th e  ori g i n al  work on  U G R su g g ested  th at on l y l u m i n ou s  areas  wi th  a  
l u m i n an ce  above  500  cd · m −2  sh ou l d  be  cou n ted  as  g l are  sou rce  area,  bu t th ere  was  n o  
d escri bed  proced u re  for d oi n g  so  at th e  ti m e  (CI E,  1 995).  

Wi th  th e  i n trod u cti on  of l i g h t-em i tti n g  d i od es  (LED s)  i n  g en eral  l i g h ti n g ,  i n terest i n  th e  topi c 
‘d iscomfort g lare’  arose  ag ai n .  Th e  possi b i l i ty of u s i n g  LED s  i n  g en eral  l i g h ti n g  a l l ows  for 
m an y n ew l u m i n ai re  types.  H owever,  th e  h i g h  l u m i n an ce  con trasts  an d  h i g h  l ocal  peak 
l u m i n an ce  i n  th e  exi t  wi n d ow of som e  of th ese  l u m i n ai res  seem ed  to  provoke  m ore  d i scom fort 
g l are  th an  expected  based  on  cal cu l ated  U G R val u es.  Th i s  d i screpan cy between  th e  
cal cu l ated  U G R an d  th e  su bj ecti ve  d i scom fort g l are  by th ese  l u m i n ai re  types  g ave  ri se  to  an  
i n creasi n g  n u m ber of pu bl i sh ed  stu d i es  on  th i s  topi c.  

M an y stu d i es  sh ow th at for th e  sam e averag e  l u m i n an ce,  th ere  i s  a  s i g n i fi can t d i fferen ce  i n  
d i scom fort g l are  experi en ce  between  u n i form  an d  n on -u n i form  l u m i n ai res,  an d  su bseq u en tl y 
i m pl y th at U G R,  u si n g  th e  averag e  l u m i n an ce  for Ls ,  i s  n ot a l ways  a  rel i abl e  m easu re  for 
d i scom fort g l are  percepti on  of th ose  n on -u n i form  l u m i n ai res.   
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I n  Apri l  201 3,  i t  was  proposed  d u ri n g  th e  D i vi s i on  3  m eeti n g  i n  Pari s  to  start a  n ew Tech n i cal  
Com m i ttee  on  th i s  topi c.  G i ven  th e  fu n d am en tal  n atu re  of d i scom fort g l are,  i t  was  d eci d ed  to  
form  a  J oi n t Tech n i cal  Com m i ttee  tog eth er wi th  D i vi s i on  1 .  Th e  fol l owi n g  Term s  of Referen ce  
for J TC  7  were  approved  by th e  BA i n  October 201 4:  

1 )  To  revi ew th e  l i teratu re  on  g l are  from  n on -u n i form  l i g h t sou rces  to  i d en ti fy th e  param eters  
th at i n fl u en ce  th e  d i scom fort pred i cti on  (U G R)  an d  d efi n e  l i m i ts  to  th e  appl i cabi l i ty of th e  
U G R form u l a.  

2 )  To  propose  a  correcti on  to  th e  U G R form u l a  th at takes  i n to  accou n t th e  n on -u n i form i ty of 
g l are  sou rces.  

I n  th i s  report,  a  l i teratu re  revi ew on  th e  effect of vari ou s  u n i form i ty param eters  on  percei ved  
g l are  i s  provi d ed  i n  Cl au se  2 ,  tog eth er wi th  a  l i teratu re  overvi ew of propos ed  u n i form i ty 
correcti on s  to  th e  U G R form u l a.  Cl au se  3  d escri bes  th e  correcti on  to  U G R.  Th i s  correcti on  i s  
se l ected  on  th e  basi s  of th e  fol l owi n g  cri teri a:  

1 )  g ood  ag reem en t wi th  em pi ri cal  d ata  on  percei ved  g l are  from  n on -u n i form  sou rces ;  

2 )  coverag e  of th e  worst-case  s i tu ati on  (d o  n ot a l l ow a  g ood  U G R score  to  poten ti a l l y g l ary 
sou rces) ;  

3)  m i n i m u m  d evi ati on  from  th e  ori g i n al  d efi n i ti on  of U G R ;  

4)  easy i m pl em en tati on  for l i g h ti n g  d esi g n ers  an d  l i g h ti n g  m an u factu rers  (m i n i m u m  effort) .  

B esi d es  n on -u n i form i ty of th e  g l are  sou rce,  th ere  are  oth er i ssu es  th at m ay req u i re  fu rth er 
i m provem en ts  or a  com pl ete  revi s i on  of th e  U G R m eth od  i n  th e  n ear fu tu re.  Cl au se  4  provi d es  
a  bri ef su m m ary of su ch  i ssu es,  rel ated  to,  am on g st oth ers,  spectral  effects  an d  overh ead  
g l are.  

N OTE  Th ou g h  m ost stu d i es  h ave  been  carri ed  ou t wi th  LE D -based  l i g h t sou rces,  th e  con cl u s i on s  
m ay be  g en eral i zed  to  an y com pact bri g h t  l i g h t  sou rce  wi th  s i m i l ar bri g h tn ess  an d  s i ze.  Th e  
use  of the  word  “LED”  i n  the  fol l owing  shou ld  therefore  be  i n terpreted  as  “a  sma l l  bri g h t- l i g h t  
source” .  

2  Li terature  on  g lare  caused  by non -uniform  l ight sources  

Th e  l i teratu re  on  g l are  cau sed  by n on -u n i form  l i g h t sou rces  was  revi ewed  by G eerd i n ck et a l .  
(201 6).  Th i s  revi ew form s  th e  basi s  of th e  overvi ew presen ted  h ere.  I n  a l l ,  60  papers  were  
revi ewed .  Al th ou g h  th e  fi rst papers  on  d i scom fort g l are  from  n on -u n i form  l i g h t sou rces  d ate  
from  th e  seven ti es,  m ost of th e  revi ewed  arti cl es  are  from  a  m ore  recen t d ate  (2 01 2–201 6).  
Papers  ori g i n ate  from  m an y d i fferen t reg i on s  i n  th e  worl d ,  Asi a  an d  Am eri ca  as  wel l  as  
Eu rope  are  represen ted .  I n  43  of th ese  papers  th e  d i fferen ce  between  u n i form  an d  n on -
u n i form  l u m i n ai res  was  i n vesti g ated .  I n  th ese  papers  vari ou s  appl i cati on s  are  covered ,  e . g .  
offi ce  l i g h ti n g ,  i n d u stri a l  l i g h ti n g ,  sports  l i g h ti n g ,  s treet l i g h ti n g  an d  au tom oti ve  h ead  l i g h ti n g .   

M an y stu d i es  perform ed  g l are  percepti on  research  i n  a  l aboratory set -u p,  wi th  prototype  
l u m i n ai res  an d  th e  possi bi l i ty to  vary l i g h ti n g  param eters  i n  a  system ati c way.  Bu t stu d i es  wi th  
com m erci a l l y avai l abl e  l u m i n ai res  are  d on e  as  wel l ,  i n cl u d i n g  stu d i es  i n  s i m u l ated  offi ce  
en vi ron m en ts.  I n  a  l aboratory set-u p  d i fferen t g l are  an g l es  can  be  i n vesti g ated  separatel y,  
wh i ch  i s  n ot possi bl e  i n  a  m ore  fi e l d -stu d y-l i ke  set-u p,  wh ere  parti ci pan ts  h ave  th e  freed om  to  
l ook i n  m ore  d i recti on s.  H owever,  g en eral i zati on  i s  probabl y m ore  rel i abl e  i n  th e  l atter case,  
as  i t  i s  m ore  d i rectl y  com parabl e  to  a  real i sti c  s i tu ati on .  

M ost stu d i es  eval u ate  d i scom fort g l are  u si n g  a  su bj ecti ve  (sem an ti c)  scal e,  bu t a l so  stu d i es  
were  fou n d  th at assessed  th e  effects  of n on -u n i form  l i g h t sou rces  on  obj ecti ve  ph ysi ol og i cal  
vi su al  fati g u e  m easu res  or even  on  vi s i b i l i ty,  approach i n g  th e  fi e l d  of d i sabi l i ty g l are.  A 
com pl i cati n g  factor i s  th at d i screpan ci es  between  vari ou s  stu d i es  m ay h ave  a  m eth o d ol og i cal  
cau se,  rel ated  to  effects  l i ke  ran g e  bi as  an d  an ch or b i as,  or to  d i fferen ces  i n  i n terpretati on  of 
m u l ti pl e-cri teri on  g l are  scal es  ( see  e . g .  (Ken t et a l . ,  2 01 9 ),  or (G eerd i n ck,  201 2 )). S om e 
stu d i es  d em on strate  th at th e  U G R i s  n ot a l ways  a  rel i abl e  pred i ctor for g l are  experi en ce,  an d  
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i n vesti g ate  wh i ch  factors  an d  param eters  are  of i n fl u en ce .  Oth er stu d i es  try to  captu re  th e  
appl i cabi l i ty bou n d ari es  of th e  U G R.  M an y papers  (1 9  i n  total )  su g g est a l tern ati ve  ways  to  
pred i ct d i scom fort g l are,  wi th  i m prov ed  rel i abi l i ty for both  u n i form  an d  n on -u n i form  l u m i n ai res.  
Th ese  proposal s  vary between  a  wh ol e  n ew way to  approach  g l are  percepti on  pred i cti on  an d  
a  sm al l  m od i fi cati on  of th e  cu rren tl y u sed  U G R form u l a.   

I n  th e  n ext cl au se,  th e  m ost rel evan t param eters  a ffecti n g  d i scom fort g l are  of n on -u n i form  
sou rces  are  d i scu ssed ,  th e  state -of-th e-art m easu rem en t of n on -u n i form  sou rces  i s  
ad d ressed ,  an d  an  overvi ew i s  g i ven  of th e  offered  a l tern ati ves  to  better pred i ct d i scom fort 
g l are,  wi th  a  focu s  on  su g g esti on s  for l i m i ted  m od i fi cati on s  of th e  U G R form u l a.  

2.1  Overview of types  of non -uniformity 

The  concept ‘non -un i form’  i s  approached  in  many d i fferent ways.  Some  stud ies  compare  a  
com pl etel y u n i form  l i g h t sou rce  wi th  a  p i xel ated  m atri x l i g h t sou rce,  wi th  bare  LEDs  th at are  
vi si bl e.  Th ese  stu d i es  i n vesti g ate  th e  effect of vari ati on s  i n  p i tch  (d i stan ce)  between  LEDs,  
th e  d en si ty of th e  LEDs,  an d  th e  s i ze  (su rfac e  area)  of th e  l i g h t sou rce.  O th er vari ati on s  of 
n on -u n i form i ty are  a l so  stu d i ed .  Som e  stu d i es  vary th e  l u m i n an ce  rati o  (peri ph eral /sou rce),  or 
th e  l u m i n an ce  g rad i en ts  between  LED  an d  i ts  su rrou n d i n g ,  or th e  percen tag e  l u m i n ou s  
su rface  ( l u m i n an ce  area  rati os).  Ad d i ti on al l y,  som e stu d i es  i n vesti g ate  th e  effect of n on -
u n i form i ty for vari ati on s  i n  d i fferen t  extern al  param eters,  su ch  as  vi ewi n g  d i recti on  
(d i rect/peri ph eral  vi ew),  backg rou n d  l u m i n an ce  an d  task d i ffi cu l ty.  

I n  m an y stu d i es,  th e  n on -u n i form i ty of th e  l u m i n ai re  i s  expressed  as  th e  rati o  between  
m axi m u m  l u m i n an ce  an d  th e  averag e  l u m i n an ce  of th e  l u m i n ai re.  Bu t oth er aspects  of th i s  
n on -u n i form i ty,  wh i ch  i n d eed  can  i n fl u en ce  th e  g l are  percepti on ,  are  n ot con si d ered .  Vari abl es  
th at h ave  n ot a l ways  been  con si d ered  i n  th e  l i teratu re  i n cl u d e  th e  s i ze  of th e  LEDs ,  th e  
n u m ber of LEDs  per su rface  area  an d  th e  l u m i n an ce  g rad i en t between  th e  m axi m u m  peak an d  
i ts  d i rect su rrou n d i n g  i n  th e  exi t  wi n d ow.  Th e  effect of th ese  d i fferen t param eters  of n on -
u n i form i ty on  d i scom fort g l are,  as  refl ected  i n  F i g u re  1 ,  are  d i scu ssed  separatel y i n  l ater 
cl au ses.  I t  i s  g ood  to  m en ti on  h owever,  th at vari ou s  i n teracti on s  between  th ese  param eters  
exi st (an d  n ot a l l  of th em  are  kn own ).  For exam pl e,  i n  two  overvi ew arti cl es  Cl ear (201 2)  an d  
H ara  (201 6)  sh owed  th at th e  g l are  m od el s  an d  th e  posi ti on  i n d ex n eed  to  be  recon si d ered ,  as  
th e  cu rren t g l are  m od el s  h ave  a  bad  correl ati on  wi th  Lu cki esh  an d  G u th  d ata  (1 949) ,  an d  th e  
posi ti on  i n d ex d epen d s  u pon  vari ou s  g l are  sou rce  param eters.   

N OTE  Th rou g h ou t th i s  report,  LE D  p i tch es  an d  oth er d i stan ces  can  be  d efi n ed  e i th er as  d i stan ces  i n  
real  space  (m easu red  i n  metres)  or as  angu lar d i splacements  wi th  respect to  an  observer’s  
eye  or a  m easu rem en t d evi ce  (m easu red  i n  d eg rees).  Th e  type  of p i tch  d i m en si on  wi l l  b e  
cl ari fi ed  i n  th e  con text,  wh erever th at i s  re l evan t.  S i m i l arl y,  sou rce  areas  m ay be  m easu red  
e i th er i n  sq u are  m etres  or i ts  respecti ve  sol i d  an g l e  i n  sterad i an s.  
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N OTE  Th e  exi t  wi n d ow,  or l i g h t  em i tti n g  area,  of th e  l u m i n ai re  can  h ave  d i fferen t  s i zes  an d  sh apes,  
an d  d i fferen t param eters  to  d escri be  th e  l u m i n an ce  d i stri bu ti on  i n s i d e  th e  exi t  wi n d o w,  as  
i n d i cated  i n  th e  fi g u re.  Th e  effect on  g l are  of th ese  l u m i n an ce  pattern  param eters  m ay 
d epen d  u pon  observer param eters,  su ch  as  vi ewi n g  d i stan ce  an d  backg rou n d  l u m i n an ce.  

Figure 1  –  Luminance pattern related parameters that influence glare perception 

2.2  Comparison  of un i form  and  non -uniform  l ight sources  

I n  m an y papers  th e  d i fferen ce  i n  d i scom fort g l are  from  u n i form  an d  n on -u n i form  g l are  sou rces  
i s  com pared .  Al th ou g h  n on -u n i form i ty i s  i n terpreted  d i fferen tl y i n  th e  vari ou s  stu d i es,  m ost 
au th ors  con cl u d e  th at n on -u n i form  l u m i n ai res  are  percei ved  as  m ore  g l ari n g  th an  u n i form  
sou rces,  wh en  th e  averag e  l u m i n an ce  an d  g l are  sou rce  area  are  kept con stan t (e . g .  
Eberbach ,  1 974;  Waters  et  a l . ,  1 995;  Kasah ara  et  a l . ,  2006;  Takah ash i  et  a l . ,  200 7a;  Lee  et 
a l . ,  2007;  J u n g  et  a l .  200 9;  Ki m  an d  Ki m ,  201 0b;  Tash i ro  et  a l . ,  201 1 ;  Bu l l ou g h ,  201 1 ;  
Bu l l ou g h  an d  H i ckcox,  2 01 2 ;  Erd em  et a l . ,  2 01 2 ;  H ara  an d  H aseg awa,  2 01 2 ;  Ayam a  et a l . ,  
201 3 ;  Fu n ke  an d  Sch i erz,  201 4,  G eerd i n ck,  201 4a;  G eerd i n ck et a l . ,  201 4b;  Sch m i ts  an d  
M oskvi n a,  201 4;  Don n ers  et a l . ,  2 01 5;  Fu n ke  an d  Sch i erz,  201 5;  I xai n a  et a l . ,  2 01 5;  Sch ei r et  
a l . ,  2 01 5b;  2 01 6a;  201 6b;  Yan g  et  a l . ,  2 01 5;  201 6;  2 01 7;  201 8a,  201 8b;  201 8c,  I wata  et a l . ,  
201 6 ;  M och i zu ki  et a l . ,  201 1 ) .  

On e  stu d y sh ows  a  d i fferen t resu l t:  i n  th e  work of Ebl e-H an ki n s  (2008),  th e  u n i form  g l are  
sou rce  i s  s l i g h tl y m ore  g l ari n g  th an  n on -u n i form  g l are  sou rces.  On e  reason  for th i s  m ay be  
th at l i n ed  l u m i n an ce  pattern s  were  u sed ,  wh i ch  cou l d  h ave  d i fferen t effects  on  d i scom fort 
g l are  percepti on  (Wi l ki n s  et a l . ,  1 984;  Wi l ki n s,  201 5).   

2.3  Effect of luminance contrast 

M ost of th e  earl i er m en ti on ed  stu d i es  i n vesti g ated  th e  effect  of th e  n on -u n i form i ty i n  a  
q u an ti tati ve  way,  an d  expressed  i t  as  a  l u m i n an ce  rati o,  u s i n g  for exam pl e  Lm i n  / Lm a x  or a  
Weber con trast (L  / La vg )  or a  M i ch el son  con trast ((Lm a x  −  Lm i n )  / (Lm a x  +  Lm i n) )  or a  l u m i n an ce  
u n i form i ty La vg  / Lm a x,  wh ere  Lm i n  i s  th e  m i n i m u m  l u m i n an ce ,  La vg  i s  th e  averag e  l u m i n an ce,  
Lm a x  i s  th e  m axi m u m  l u m i n an ce ,  an d  L  i s  th e  d i fferen ce  between  th e  sou rce  l u m i n an ce  an d  
th e  backg rou n d  l u m i n an ce .  Con cl u si vel y,  i t  was  observed  th at th e  sm al l er th e  u n i form i ty ( i . e.  
th e  g reater th e  d i fferen ce  i n  l u m i n an ce)  th e  h i g h er th e  percei ved  d i scom fort g l are  (e. g .  H ara  
an d  H aseg awa,  201 2).  Th e  u n i form i ty d ecreases  i n  th e  fol l owi n g  cases:  
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  sm al l er area  rati o  between  LEDs  a n d  th e  rest of th e  g l are  sou rce  (th at i n cl u d es  sm al l er 
LED  si ze,  l ess  LEDs  per area  an d  steeper l u m i n an ce  g rad i en ts) ;  

  h i g h er l u m i n an ce  of LEDs  i n si d e  th e  l u m i n ai re ;  

  h i g h er l u m i n an ce  rati o  between  LEDs  an d  i m m ed i ate  su rrou n d i n g .  

I n  m an y stu d i es  h owever,  th e  presen ted  sti m u l i  h ave  been  a  com bi n ed  vari ati on  of th ese  
param eters.  For exam pl e,  i n  case  of a  con stan t averag e  l u m i n an ce,  a  sm ooth er l u m i n an ce  
g rad i en t arou n d  th e  LEDs  wi l l  resu l t i n  a  l ower peak l u m i n an ce  at  th e  sam e  ti m e  ( e. g .  Tash i ro  
et a l . ,  201 1 ;  2 01 5;  H i g ash i  et  a l . ,  201 3;  G eerd i n ck et a l . ,  201 4).   

2.4 Effect of LED size  and  LED number 

I n  several  stu d i es  th e  LED  s i ze  an d  LED  n u m ber i n si d e  th e  g l are  sou rce  were  vari ed  at th e  
sam e  ti m e  wh i l e  keepi n g  th e  averag e  l u m i n an ce  of th e  g l are  sou rce  con stan t (e . g .  Kasah ara  
et  a l . ,  2006;  Lee,  2007;  Takah ash i  et a l . ,  2007a;  2007b,  H ara  an d  H aseg awa ,  201 2 ,  Yan g  et 
a l . ,  201 5;  2 01 6;  2 01 7 ;  201 8a;  2 01 8b;  201 8c).  Al l  sci en ti sts  fou n d  i n creased  g l are  for 
d ecreasi n g  LED  s i zes  an d  LED  n u m ber.  Th i s  m akes  sen se,  becau se  sm al l er  LEDs  or a  fewer 
n u m ber of LEDs  per su rface  area  wh i l st preservi n g  a  con stan t averag e  l u m i n an ce,  req u i re  a  
h i g h er l u m i n an ce  per LED .   

2.5 Effect of LED d istance  

A few sci en ti sts  system ati cal l y  i n vesti g ated  th e  effect  of LED  d i stan ce  (or LED  p i tch )  on  
d i scom fort g l are.  Th e  fi rst stu d y was  presen ted  by E berbach  (1 974),  wh o  u sed  h al og en  l am ps 
as  parts  of th e  g l are  sou rce.  For th e  param eters  h e  u sed  (Lm a x  u p  to  5  000  cd · m −2 ,  Lm a x  / Lm i n  
u p  to  2  000,  p i tch  between  0°  an d  3° ) ,  h e  cou l d  n ot fi n d  an  effect  of peak l u m i n an ce  or spot 
p i tch .  M an y years  l ater,  th ese  resu l ts  cou l d  be  con fi rm ed  for LED  m atri x sou rces  by Fu n ke  
an d  Sch i erz  (201 4;  201 5)  an d  Tash i ro  et  a l .  (201 5),  wh o  u sed  h i g h er peak l u m i n an ces  (u p  to  
4    1 0 5  cd · m−2 ) ,  d i fferen t g l are  an g l es  (0°  u p  to  30° )  an d  s i m i l ar l u m i n an ce  rati os  (u p  to  1  000)  
an d  LED  pi tch es  (0 , 2°  to  5° ) .  Ebl e-H an ki n s  (2008)  u sed  l i n e  pattern s  prod u ced  by a  proj ector 
an d  fou n d  a  sm al l  effect  of th e  h i g h  l u m i n an ce  p i tch .  Sh e  observed  th e  h i g h est d i scom fort 
g l are  percepti on  for l i n e  freq u en ci es  of 4  cycl es  per d eg ree.  Th i s  observati on  reg ard i n g  l i n e  
pattern s  was  al so  m ad e  by Wi l ki n s  et a l .  (1 984).  M oreover,  Don n ers  et a l .  (201 5)  reported  
ri s i n g  d i scom fort g l are  rati n g  for ri s i n g  LED  p i tch es  (0 , 037°  to  0 , 1 4° )  at d i rect vi ew.  I t  was  
obvi ou s  from  th ei r d ata  th at th ei r b i g g est LED  p i tch  eq u al s  7  cycl es  per d eg ree  an d  i s  cl ose  to  
4  cycl es  per d eg ree,  wh i ch  are  h i g h l i g h ted  by Wi l ki n s  et a l .  an d  Ebl e -H an ki n s.  Th u s,  for d i rect 
vi ew i n to  th e  g l are  sou rce,  i t  can  be  con cl u d ed ,  th at i n  th e  reg i on  n ear th e  fovea  d i scom fort 
g l are  seem s to  i n crease  wi th  ri s i n g  LED  p i tch  u n ti l  an  LED p i tch  of arou n d  0 , 1 4°  i s  reach ed .  
For g reater LED  pi tch es,  th e  LED  d i stan ce  h as  n o  effect  on  d i scom fort g l are.  At peri ph eral  
vi ew,  th e  d i scom fort g l are  percepti on  i s  i n fl u en ced  by  g l are  an g l e  an d  LED  pi tch ,  am on g  oth er 
param eters.  I f th e  LED  pi tch  i s  l arg er th an  th e  vi su al  acu i ty at  th e  correspon d i n g  posi ti on  i n  
th e  reti n a,  d i scom fort i s  g en eral l y h i g h er com pared  to  s i tu ati on s  wh ere  LED  pi tch es  are  too  
sm al l  to  be  vi su al l y resol ved  (e. g .  N i ed l i n g  et a l . ,  2 01 4).  

2.6  Effect of viewing  angle   

I n  several  stu d i es  th e  effect of th e  vi ewi n g  an g l e  on  g l are  percepti on  was  i n vesti g ated .  I n  
th ese  stu d i es,  th e  g l are  sou rce  i s  u su al l y posi ti on ed  at or above  th e  vi ewi n g  d i recti on .  I n  
g en eral ,  th e  b i g g est d i fferen ce  between  u n i form  an d  n on -u n i form  l u m i n ai res  was  observed  at 
foveal  vi ew (e. g .  Waters  et a l . ,  1 995).  Th e  m ore  peri ph eral  th e  g l are  sou rce,  th e  sm al l er th e  
d i fferen ce  between  u n i form  an d  n on -u n i form  g l are  sou rces  (e. g .  Takah ash i  et  a l .  2 007a ;  
2 007b,  Ebl e-H an ki n s,  2 008;  Fu n ke  an d  Sch i erz,  2 01 4;  201 5).  M ostl y at g l are  an g l es  of 30°  or 
above,  th e  d i fferen ce  i n  d i scom fort g l are  percepti on  d u e  to  n on -u n i form i ty i s  n earl y 
i m percepti bl e  (Takah ash i  et a l .  2 007a ;  2 007b;  Fu n ke  an d  Sch i erz,  201 4 :  201 5).  Th e  speci fi c 
e l evati on  an g l e  at wh i ch  n o  d i fferen ce  i n  g l are  percepti on  between  u n i form  an d  n on -u n i form  
exi sts  i s  n ot cl ear an d  seem s  to  d epen d  u pon  th e  appl i cati on  (th e  effect of l ateral  
d i spl acem en t from  th e  vi ewi n g  d i recti on  i s  u n kn own ).  For exam pl e,  N i e d l i n g  et a l .  i n vesti g ated  
th e  separati on  of s i n g l e  LEDs  i n si d e  a  m atri x l u m i n ai re  (N i ed l i n g  et a l .  201 4).  Th ey fou n d  th at 
for streetl i g h t con d i ti on s,  th e  su bj ects  can n ot resol ve  LED  spots  at g l are  an g l es  g reater th an  
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