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PHOTOBIOLOGICAL SAFETY OF LAMPS AND LAMP SYSTEMS –  

 
Part 5:  Image projectors   

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  g overnmen tal  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t possi b l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  pub l i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6 )  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any persona l  i n j u ry,  property d amage  or 
o ther damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  pub l i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possib i l i ty that some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  sub ject  of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsibl e  for i d en ti fyi ng  any or a l l  such  paten t  ri gh ts .  

I n ternational  Standard  IEC  62471 -5  has  been  prepared  by I EC techn ical  commi ttee  76:  
Optical  rad iation  safety and  l aser equ ipment.  

The  text of th is  standard  i s  based  on  the  fol l owing  documents:  

FDIS  Report  on  voti ng  

76/51 9/FDIS  76/521 /RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  standard  can  be  found  i n  the  report on  
voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  
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The  commi ttee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  web  s i te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  should  therefore  print th is  document using  a  
colour printer.  
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I NTRODUCTION  

Most l amps  and  lamp  systems  are  safe  and  do  not pose  photobiolog ical  ri sks  except under 
unusual  exposure  cond i tions.  Th is  a lso  i s  the  case  for optical  image  projectors  where  
experience  shows  that even  h igh  power cinema  projectors  may be  safe  for acciden tal  
momentary viewing  and  can  on ly under some cond i tions  pose  optical  hazards  at  close  
d istances  or for i n ten tional  ' l ong-duration '  staring  i n to  the  source.  The  rapid  development of 
sol id -state  and  other l amps  or l amp  systems has  permi tted  new projector products,  and  
generated  the  need  for a  photobiolog ical  safety standard  for th is  g roup  of l amp  systems.   

Optical  rad iation  hazards  from  al l  types  of l amps  and  l amp  systems  are  currently assessed  by 
the  appl ication  of I EC  62471 : 2006  (CIE  S  009:2002),  Photobiological safety of lamps and 
lamp systems.  I EC  62471  covers  LEDs,  i ncandescent,  l ow-  and  h igh-pressure  gas-d ischarge,  
arc and  other l amps.  Fol lowing  the  concept of vertical  standards,  the  risk g roup  classi fication  
system  in  I EC  62471  for l amps  i s  to  be  adapted  for speci fic product g roups  such  as  image 
projectors.   

Th is  part of I EC  62471  provides  a  ri sk g roup  classi fication  system  for image  projectors,  and  
measurement cond i tions  for optical  rad iation  emi tted  by image  projectors.  I t  i ncludes  
manufacturing  requ i rements  that may be  requ i red  as  a  resu l t  of an  image  projector system  
being  assigned  to  a  particu lar ri sk g roup.  Therefore,  th is  part  of I EC  62471  provides  safety 
requ i rements  for l amp  systems  that are  in tended  to  produce  projected  vis ib le  optical  rad iation ,  
such  as  theatre  projectors,  data  projectors  and  home-use  projectors.  The  assigned  ri sk g roup  
of a  projector product a l so  may be  used  by projector manufacturers  to  assist wi th  any risk 
assessments,  e . g .  for occupational  exposure  in  workplaces.  National  requ i rements  may exist 
for the  assessment of products  or occupational  exposure.    

The  emission  l im i ts  provided  i n  th is  part of I EC  62471  are  derived  from  the  exposure  l im i ts  
speci fied  by ICN IRP in  thei r 201 3  Gu idel ines  for i ncoherent vi s ible  and  in frared  rad iation  [1 ] 1 .  
These  exposure  l im i ts  are  a lso  the  basis  for the  emission  l im i ts  to  be  speci fied  in  the  fu ture  
I n ternational  Standard  I EC  62471 -1 2.  

  

______________ 

1   N umbers  i n  square  brackets  refer to  the  B i b l i og raphy.  

2   Revi s i on  of I EC  62471 : 2006.  
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PHOTOBIOLOGICAL SAFETY OF LAMPS AND LAMP SYSTEMS –  
 

Part 5:  Image projectors   
 
 
 

1  Scope 

Th is  part of I EC  62471  provides  requ i rements  regard ing  photobiolog ical  safety of the  optical  
rad iation  emi tted  by image  projectors.  Th is  part of I EC 62471  does  not deal  wi th  other 
hazards  such  as  e lectrical ,  mechan ical  or fi re  hazards.  

Th is  part of I EC  62471  provides  requ i rements  regard ing :   

•  optical  rad iation  safety assessment of image  projectors;  

•  projector risk g roups;   

•  testing  cond i tions  and  measurement cond i tions;   

•  manufacturer’s  requ i rements  i nclud ing  user i n formation .   

The  scope  of th is  part of I EC  62471  i s  photobiolog ical  safety of image  projectors  i nclud ing  the  
emissions  from  l aser-i l l um inated  projectors  that fu l fi l l  the  requ i rements  as  speci fied  i n  
I EC 60825-1 : 201 4,  4 . 4  and  for wh ich  vis ib le  l i gh t emission  has  been  excluded  from  
classi fication  in  I EC  60825-1 .    

Th is  part  of I EC  62471  does  not address  safety requ i rements  for l aser d isplay products  where  
col l imated  l aser beams  — general ly scanned  — are  employed .  I t  does  address  those  l aser-
i l l uminated  projectors  that employ a  l aser source  to  i l l um inate,  for example,  a  m icro-electro-
mechan ical  system  (MEMS)  wi thou t scanned  beams or crystal -based  d isplay projector system.   

NOTE  Image  pro j ectors  con ta i n i ng  l asers  are  subject to  those  provi s ions  of I EC  60825-1  appl i cabl e  to  the  
embedded  l aser.  See  I EC  60825-1 : 201 4 ,  4 . 4  for wh i ch  vi s i b l e  l i gh t  em i ss i on  has  been  excl uded  from  the  l aser 
product  cl assi fi cati on .  

Th is  part of I EC  62471  i ncludes  projectors  for on ly vis ib le  image  projection  and  does  not 
i nclude  u l traviolet (UV)  projectors,  i n frared  ( IR)  projectors,  general  l i gh ting  service  (GLS)  
l amps  (GLS;  defined  i n  I EC  62471 )  or projector l amp systems  used  for general  l i gh ting ,  wh ich  
are  treated  in  separate  I n ternational  Standards.  

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

I EC  62471 ,  Photobiological safety of lamps and lamp systems  

I EC  60825-1 : 201 4,  Safety of laser products – Part 1 :  Equipment classification and 
requirements 

I EC  60050  (a l l  parts),  International Electrotechnical Vocabulary (avai lable  at 
h ttp: //www.electroped ia.org)   

I EC  60950-1 ,  Information technology equipment – Safety – Part 1 :  General requirements 
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I EC  60065,  Audio,  video and similar electronic apparatus – Safety requirements  

3  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  i n  I EC 62471 ,  
I EC  60050-845  [2 ]  and  the  fol lowing  apply.   

3.1   
accessible  emission  
AE  
l evel  of rad iation  determined  at  a  certain  d istance  from  the  product and  wi th  measurement 
cond i tions  described  i n  Clause  5   

Note  1  to  en try:  The  accessib l e  em iss i on  i s  compared  wi th  the  AEL  (see  3 . 2 )  to  determ ine  the  ri sk g roup  of the  
product.  

3.2   
accessible  emission  l imi t 
AEL  
maximum  accessib le  emission  permi tted  wi th in  a  particu lar risk g roup  

3.3   
ang le  of acceptance 
γ 

plane  ang le  wi th in  wh ich  a  detector wi l l  respond  to  optical  rad iation  

Note  1  to  en try:  The  ang l e  of acceptance  i s  u sual l y measu red  i n  rad i ans  (S I  u n i t) .  

Note  2  to  en try:  Th i s  ang le  of acceptance  may be  con trol l ed  by apertu res  or opti cal  e l emen ts  i n  fron t  of the  
detector.  The  ang l e  of acceptance  i s  a l so  sometimes  referred  to  as  the  fi e l d  of vi ew (see  3 . 1 2) .  

Note  3  to  en try:  The  ang l e  of acceptance  shou l d  not be  con fused  wi th  the  angu lar subtense  of the  sou rce  
(see  3 . 4 )  or the  beam  d i vergence.  

3.4  
angu lar subtense 
α  
visual  ang le  subtended  by the  apparen t source  at  the  eye  of an  observer or at the  poin t of 
measurement 

Note  1  to  en try:  I n  th i s  part  of I EC  62471 ,  subtended  ang les  are  d enoted  by the  fu l l  i ncl uded  ang l e,  not  the  hal f 
ang l e .  

Note  2  to  en try:  S I  u n i t:  rad ian .  

Note  3  to  en try:  The  angu l ar subtense  α  may be  mod i fi ed  by i ncorporati on  of l enses  and  m i rrors  as  proj ector 
opti cs ,  i . e .  the  angu lar subtense  of the  apparen t  sou rce  may d i ffer from  the  angu l ar subtense  of the  phys i ca l  
sou rce.  

Note  4  to  en try:  The  l im i tati ons  of α
 
i n  th i s  part  of I EC  62471  are:  

For con ti nuous  wave:  α
max

 =  0,1  rad,  α
m in

 =  0 , 001  5  rad .  

For pu l sed  em issi on :  α
max

 i s  descri bed  i n  Tabl e  7 ,  α
m in

 =  0 , 001  5  rad .  

3.5  
cinema-use projector 
image  projector used  for projection  i n  theatrical  envi ronment 

3.6   
consumer product 
i tem  in tended  for consumers  or l i kely to  be  used  by consumers,  even  i f not i n tended  for them   
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Note  1  to  en try:  Products  provi ded  i n  the  framework of a  service  to  consumers  are  a l so  considered  to  
be  consumer products .  

Note  2  to  en try:  RG3  products  are  i n tended  for professi onal  u se  on l y,  and  are  not  i n tended  for consumer u se.  

3.7   
continuous  wave  emission  
CW emission  
emission  of a  projector wh ich  can  be  considered  con tinuous  when  the  ou tpu t i s  con tinuous  for 
times  greater than  0 , 25  s  and  the  peak rad iated  power i s  not h i gher than  1 , 5  times  the  
average  rad iated  power 

3.8   
data  projector 
image  projector system  using  d ig i ta l  imager(s)  rou tinely employed  i n  offices,  meetings  and  
sales  presentations  

Note  1  to  en try:  Examples  of d ata  imager are  MEMS  and  l i q u i d  crystal  based  d i spl ay.  

3.9   
exi t  pupi l  
image  of the  aperture  stop  wh ich  a lso  functions  as  a  vi rtual  aperture  of the  projection  l ens    

Note  1  to  en try:  The  pos i ti on  of the  apparen t  sou rce  i s  l ocated  a t  the  apparen t posi ti on  of the  exi t  pupi l  
(see  F i gu re  1 ) .   

 

Figure  1  – Exi t  pupi l  in  projector  

3 . 1 0   
exposure  l imi t  
EL 
maximum  l evel  of exposure  of optical  rad iation  to  the  eye  or skin  that i s  not expected  to  resu l t 
i n  adverse  biolog ical  effects   

Note  1  to  en try:  These  ELs  are  u sed  to  determ ine  hazard  d i s tances  wi th  respect  to  photobiol og i ca l  effects .  

3.1 1   
exposure  to  l imi t  ratio  
ELR 
ratio  of the  exposure  l evel  and  the  exposure  l im i t  

IEC 

Apertu re  stop  

Exi t  pupi l  

Screen  

I mager  

 
 

Projecti on  l ens  

Lens  fron t  

 
 

Projector  

Distance  used  for “Throw Rati o”  

Orig i n  of measuremen t 
d i s tance  (see  5. 2 . 2 )  
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Note  1  to  en try:  S i nce  both  va l ues  can  be  functi ons  of d i stance  and  exposure  du rati on ,  the  ELR can  depend  on  
exposu re  d i s tance  and  exposu re  du rati on .  

3.1 2   
field  of view 
γ 

sol id  ang le  as  "seen"  by the  detector (acceptance  ang le),  for example  of a  rad iometer or 
spectrorad iometer,  ou t of wh ich  the  detector receives  rad iation  

Note  1  to  en try:  S I  u n i t:  steradian  (sr).  

Note  2  to  en try:  The  fi e l d  of vi ew shou l d  not be  con fused  wi th  the  angu l ar subtense  of the  apparen t  sou rce,  α .  

Note  3  to  en try:  A p l ane  ang le  i s  sometimes  u sed  to  describe  a  ci rcu l ar symmetri c sol i d  ang l e  fi e l d  of vi ew.   

Note  4  to  en try:  The  fi e l d  of vi ew i s  sometimes  referred  to  as  ang l e  of acceptance  (see  3 . 3) .  

3.1 3   
fixed  projector instal lation  
projector i nsta l led  permanently or semi-permanently i n  a  fi xed  l ocation  

EXAMPLE  A ci nema-use  proj ector mounted  i n  an  operati ng  booth .   

3.1 4  
hazard  d istance 
HD  
d istance  from  the  projector's  nearest poin t of human  access,  where  the  beam  rad iance  or 
i rrad iance  exceeds  the  appl icable  exposure  l im i t (EL:  see  3 . 1 0)    

Note  1  to  en try:  The  hazard  d i s tance  for a  pro j ector i s  determ ined  by the  EL  for a  0 , 25  s  exposure.  Th i s  a l so  i s  
the  time  base  of the  access i b l e  em i ss i on  l im i t  of RG2.  

3.1 5  
home-use  projector 
image  projector used  for aud io-visual  presentations  i n  the  domestic envi ronment under non-
control led  cond i tions  and  non-professional  use  

3.1 6   
image  projector product  
member of the  fami l y of products  that i ncludes  a l l  types  of image  projectors  such  as  data  
projectors  (see  3 .8),  home-use  projectors  (see  3 . 1 5)  and  cinema-use  projectors  (see  3 . 5)  

3.1 7   
in tended  use  
usage  of a  product,  process  or appl ication  in  accordance  wi th  speci fications,  i nstructions  and  
i n formation  provided  by the  manufacturer or suppl ier 

3.1 8   
lamp 
electrical l y powered  device  emi tting  optical  rad iation  in  the  wavelength  range  between  200  nm  
and  3  000  nm,  wi th  the  exception  of d i rect,  non -d i ffuse  l aser rad iation  

3.1 9   
lamp system  
electrical l y operated  product i ncorporating  l amp(s),  i nclud ing  fi xtures,  projection  optics  and  
incorporated  e lectrical  or e lectron ic components  as  i n tended  by the  manufacturer 

Note  1  to  en try:  A l amp  system  can  i ncl ude  d i ffusers,  encl osu res  and /or beam  mod i fyi ng  opti cs.  An  image  
proj ector (see  3 . 1 6)  i s  a  type  of l amp  system.  
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3.20   
l aser i l luminated  projecting  system  
LIP  system 
projection  l amp  system  emi tti ng  vis ib le  d i ffused  l i gh t as  a  resu l t of l aser l i gh t source(s)  i n  
order to  replace  trad i tional  projector l amps   

3.21   
l ight  emitting  d iode  
LED 
sol id -state  lamp  device  embodying  a  p-n  j unction ,  emi tting  i ncoheren t optical  rad iation  when  
exci ted  by an  e lectric curren t  

3 . 22   
l iqu id-crystal  d isplay projector 
LCD  projector 
projector employing  an  LCD  d ig i ti zed  image  panel  that i s  projected  by the  system   

3.23   
micro-electro-mechanical  system  based  imager 
MEMS based  imager 
micro-electro-mechan ical  system  wi th  electro-optical  arrays  of m icro-mirrors   

3.24  
modifying  optics  
optical  components  that process  the  l i gh t,  such  as  fi l ters,  l enses  and  reflectors,  wh ich  change  
the  characteristics  of the  optical  rad iation  from  the  in i tia l  l i gh t source  when  i ncorporated  i n to  
an  image  projector (see  3 . 1 6)  

3.25  
projector  
optical  system  using  reflection  and /or refraction  to  i ncrease  the  l um inous  in tensi ty wi th in  a  
l im i ted  sol id  ang le   

Note  1  to  en try:  The  l i gh t  em i tted  i n to  a  l im i ted  so l i d -ang le  i s  general l y referred  to  as  the  “beam” .  

Note  2  to  en try:  The  em i tted  beam  i s  i n tended  to  be  i n ci den t  on  a  screen  or some  other d i ffu se  su rface  such  as  a  
house  or room  wal l .  

3.26  
projector lamp 
l amp  i n  wh ich  the  l um inous  e lement i s  mounted  in  such  a  way that the  lamp  may be  used  wi th  
an  optical  system  to  project the  l i gh t i n  chosen  d i rections   

3.27   
pu lse  duration  
tp  
t ime  i ncrement calcu lated  by D/Lpeak  where  D  i s  the  tota l  rad iance  dose  of the  pu lse  and  
Lpeak  i s  the  peak rad iance  of that pu lse  (see  F igure  2)  
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Figure  2  – Examples  of the  appl ication  of the  defin i tion  of pu lse  duration  

Note  1  to  en try:  Un i t:  second  (s) .  

Note  2  to  en try:  For a  pu l se  that has  a  tri angu l ar or rectangu l ar temporal  em iss i on  shape,  th i s  defi n i ti on  of pu l se  
du rati on  i s  i den ti cal  to  the  fu l l -wid th -ha l f-maximum  (FWHM)  defi n i t i on .  

Note  3  to  en try:  A rectangu lar pu l se,  shown  wi th  dashed  borders  i n  F i gure  2 ,  wi th  the  pu l se  d u rati on  t
p
 h as  the  

same  rad i ance  dose  and  peak rad i ance  as  the  actua l  pu l se.  

3.28   
pu lsed  emission  
emission  in  the  form  of a  s ing le  pu lse  or a  tra in  of pu lses  where  each  pu lse  i s  assumed to have 
a duration  of less than  0,25 s 

Note  1  to  en try:  Pu l sed  em issi on  refers  to  a  product  wi th  a  con ti nuous  tra i n  of pu l ses  or modu l ated  rad ian t  energy 
where  the  peak rad i ated  power i s  a t  l east  1 , 5  t imes  h i gher than  the  average  rad i ated  power.   

3.29   
rad iance 
L 
quanti ty defined  by the  formu la  

L  =  dΦ/(dA ⋅cosθ⋅dΩ)  

i n  a  g iven  d i rection  at  a  g iven  poin t of a  real  or imag inary surface,   

where   

dΦ  i s  the  rad ian t power (fl ux)  transmi tted  by an  e lementary beam  passing  through  the  g iven  

poin t and  propagating  in  the  sol i d  ang le  (dΩ)  contain ing  the  g iven  d i rection ;   

dA i s  the  area  of a  section  of that beam  con tain ing  the  g iven  poin t;   

θ  i s  the  ang le  between  the  normal  to  that section  and  the  d i rection  of the  beam  

Note  1  to  en try:  S I  u n i t:  watt  per square  metre  per sterad i an  (W·m-2 · sr-1 ) .  

3.30   
rad iance  dose 
D 
time  i n tegrated  rad iance  quan ti ty defined  by the  equation  

D  =  dQe/(dA ⋅cosθ⋅dΩ)  

where  

dQe  i s  the  rad ian t energy transmi tted  by an  e lementary beam  passing  through  the  g iven  

poin t and  propagating  in  the  sol i d  ang le  (dΩ)  con tain ing  the  g iven  d i rection ;  

dA  i s  the  area  of a  section  of that beam  con tain ing  the  g iven  poin t;  

IEC 
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θ  i s  the  ang le  between  the  normal  to  that section  and  the  d i rection  of the  beam  

Note  1  to  en try:  S I  u n i t:  j ou l e  per square  metre  per s terad i an  (J · m -2 · sr-1 ) .  

Note  2  to  en try:  Equ ival en t  term :  “ ( time)  i n tegrated  rad i ance” .  

3.31   
restricted  area 
area  where  an  eng ineering  and /or admin istrative  con trol  measure  i s  establ ished  to  restrict  
access  except to  au thorized  personnel  wi th  appropriate  safety tra in ing  

Note  1  to  en try:  Access  i s  on l y poss ib l e  th rough  the  u se  of a  tool ,  l ock,  key or other means  of secu ri ty.  

3.32   
spatial ly averaged  radiance 
Lsa  
q uan ti ty defined  by the  equation  

Lsa  =  dΦ/(dA γ⋅cosθ⋅dΩ)  

rad iance  spatia l l y averaged  over a  g iven  ang le  of acceptance  to  account for physiolog ical  
factors  such  as  eye-movements  (sometimes  referred  to  as  “physiolog ical  rad iance”)  

where  

dΦ  i s  the  rad ian t power (flux);  

dAγ  i s  l im i ted  by area  of fie ld  of view (see  3 . 1 2) ;  

θ  i s  the  ang le  between  the  normal  to  that section  and  the  d i rection  of the  beam;  

dΩ  i s  the  sol id  ang le  

Note  1  to  en try:  S I  u n i t:  watt  per square  metre  per s terad i an  (W·m -2 · sr-1 ) .  

Note  2  to  en try:  The  spati a l l y averaged  rad i ance  may be  l ower than  the  true  sou rce  rad iance  (see  3 . 34).  

3.33   
throw ratio  
TR 
ratio  between  the  d istance  from  the  exi t  pupi l  to  the  screen  and  the  wid th  of the  image  on  the  
screen  

Note  1  to  en try:  I t  i s  thus  approximated  by the  i nverse  of the  tangent  of the  fu l l  ang l e  of the  l i gh t beam  i n  the  
hori zon ta l  d i recti on  (see  F i gu re  3) .  
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Figure  3  – Defin i tion  of throw ratio  

Note  2  to  en try:  TR =  (l
a
 +  l

b
)/W.  

3.34  
true  source  rad iance 
L 
rad iance  of the  emi tting  e lement of the  source,  physical l y measured  

Note  1  to  en try:  The  appl i cabl e  averag i ng  ang l e  of acceptance  for the  determ inati on  of rad i ance  sha l l  not be  
l arger than  1 , 5  m rad .  

Note  2  to  en try:  S I  u n i t:  watt  per square  metre  per s terad i an  (W·m -2 · sr-1 ) .  

Note  3  to  en try:  Th i s  defi n i ti on  d i ffers  from  spati a l l y averaged  rad iance  (see  3 . 32) .  Th i s  i s  a  q uan ti ty that i s  u sefu l  
as  i n formati on  regard ing  the  pro j ector l i gh t  sou rce  (see  5. 7 . 3) .  For the  spati a l l y averaged  rad i ance,  the  g i ven  ang le  
of acceptance  shou l d  have  a  val ue  as  defi ned  i n  Table  1  or Table  2 .  Th is  val ue  i s  defi ned  based  on  phys i o l og ical  
factors.  Wh i l e  the  true  sou rce  rad i ance  shou l d  be  averaged  over a  smal l  ang l e  i n  order to  be  more  accurate,  the  
maximum  a l l owed  averag i ng  ang le  i s  defi ned  to  1 , 5  mrad .  

3.35  
un intentional  viewing  
cond i tion  when  ocu lar exposure  to  optical  rad iation  i s  not i n tended  

4 General  

4.1  Basis  for risk groups  

I EC  62471  provides  the  defau l t  method  to  determine  the  ri sk g roup  of any l amp  or any product 
i ncorporating  a  l amp,  un less  a  vertical  (appl ication -speci fic)  standard  exists.  The  ri sk g roups  
i n  I EC  62471  ind icate  the  degree  of ri sk from  poten tial  optical  rad iation  hazards  and  m in imize  
the  need  for fu rther measurements.  The  risk g roups  were  developed  based  upon  decades  of 
l amp  use  experience  and  the  analysis  of acciden tal  i n juries  related  to  optical  rad iation  
emission  (where  i n ju ries  were  general ly qu i te  rare  except from,  for example,  u l traviolet-
emi tti ng  lamps  or arc lamps).   

The  risk g roups  are  described  as  fol l ows:  

•  Exempt Group  (RG0)  where  no  optical  hazard  i s  considered  reasonably foreseeable,  even  
for con tinuous,  unrestricted  use.   

•  Risk Group  1  (RG1 )  products  are  safe  for most appl ications,  except for very prolonged  
d i rect ocu lar exposures  (staring  i n to  the  source  for very l ong  times,  g reater than  1 00  s) .  

IEC 

  

  
  

 
 

la :  Projection  distance  

lb :  Lens front - Apparent source  

W:  Projection  width  

Apparent source  

(Exit pupil)  
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•  Risk Group  2  (RG2)  products  do  not pose  an  optical  hazard  because  of aversion  
responses  to  brigh t l i gh t wh ich  make  long  exposures  (staring  i n to  the  source)  not 
reasonably foreseeable.  RG2  projectors  can  be  safely used  i n  a l l  s i tuations,  except i f 
i n trabeam  (d i rect)  viewing  i s  i n tended .  

•  Risk Group  3  (RG3)  products  pose  a  poten tial  hazard  even  for momentary exposures  at 
close  d istance  and  product safety requ i rements  are  general ly essen tial .  RG3  projectors  
pose  a  risk resu l ting  from  d i rect,  i n tra-beam  viewing  at close  d istance.  User i n formation  on  
protective  measures  shal l  be  provided .  The  RG3  projector products  requ i re  control led  use  
or special  i nstal lation  (for example,  theatre  projectors) ,  and  user i nstructions  shou ld  
clearly state  the  HD  and  the  requ i rement for supervised  use  or special  i nsta l lation .  From  
the  label l ing  and  i n formation  for the  user,  the  user shou ld  recogn ize  the  ri sk and  take  
protective  measures.   

RG3  products  are  in tended  for professional  use  on ly,  and  are  not i n tended  for consumer 
use.  

4.2  Example  appl ications  

4.2 .1  RG0  / RG1  projectors  

Typical  examples  are  conventional  tungsten  halogen  s l i de  or fi lm  projectors  for home  use  or 
p ico-projectors.  

4.2.2  RG2  projectors  

For example,  home-use  projectors  or mobi le  projectors  may be  RG2  projectors.   

4.2 .3  RG3  projectors   

For example,  h igh  l uminance  projection  systems  used  i n  cinemas  or theatres  may be  RG3  
projectors.  Ren tal  projectors  for professional  stag ing  appl ications,  seminars  and  other b ig  
even ts  may a lso  be  RG3  projectors.   

4.3  Projector lamps  

I t  shou ld  be  noted  that the  ri sk g roup  classi fication  system  of I EC  62471  i n  i ts  cu rrent version  
i s  primari l y appl ied  to  l amps.  However,  manufacturers  of image  projectors  have  the  
responsibi l i ty for assessing  the  fi nal  product.  They may have  l im i ted  capabi l i ties  for tests  and  
measurements  and  may need  to  re ly on  the  l amp  data  provided  by the  l amp  manufacturer.  
Therefore,  gu idance  i s  provided  i n  5 . 7  on  how and  when  projector system  manufacturers  may 
rely on  data  provided  by the  l amp  manufacturer.   

4.4 Assessment cri teria  (background)  

The standard  measurement cond i tions  consider the  emission  spectrum  and ,  depend ing  on  the  
hazard ,  e i ther i rrad iance  or spatia l l y averaged  rad iance  to  determine  ri sk to  the  eye  and /or 
the  skin .  The  measurement cond i tions  are  related  to  poten tia l l y hazardous  exposure  
cond i tions  and  poten tial  d i rect-viewing  cond i tions  and  take  i n to  consideration  physiolog ical  
factors  of the  eye,  such  as  accommodation ,  pupi l  s i ze  and  the  aversion  response.  

Assessment and  measurement cond i tions  necessari l y d i ffer for d i fferent special  appl ication  
l amp  systems,  such  as  image  projector products.  D i fferen t appl ication  groups  define  a  range  
of operational ,  main tenance  and  servicing  cond i tions.  The  assessment appl ied  to  image  
projectors  (as  a  speci fic type  of l amp  system)  i n  th is  verti cal  standard  j usti fies  somewhat 
d i fferen t measurement cond i tions  than  those  i n  I EC  62471  for l amps.  The  requ i rements  i n  th is  
appl ication-speci fic (vertical )  standard  l im i t  the  product risk g roup  that can  be  used  i n  some  
speci fic appl i cations,  such  as  i n  domestic envi ronments  or i n  schools.  Performance  features  
are  based  upon  the  risk g roup  speci fi cations  and  appl ication-speci fic con trol  measures.  Basic 
gu idance,  based  on  the  l i kel ihood  of d i rect source  viewing ,  i s  provided  in  Clause  6.  The  
h ierarchy of appl icable  safety measures  fol l ow the  in ternational l y accepted  priori ty ranking  of 
manufacturer safety measures.  Eng ineering  controls  (fi l ters,  sh ie ld ing ,  etc. )  have  the  h ighest 

Copyright International  Electrotechnical  Commission  



I EC  62471 -5: 201 5  © I EC 201 5  – 1 7  – 

priori ty,  fol lowed  by col lective  organ izational  measures,  and  final l y,  on ly i f the  above  
measures  are  not practical  to  reduce  the  ri sk to  a  tolerable  l evel ,  personal  protective  
equ ipment.  

Mu l tip le  l im i t  va lues  are  speci fied  i n  th is  safety standard  to  reflect d i fferen t photobiolog ical  
hazards.  Each  of these  l im i ts,  i n  princip le,  must be  evaluated  against the  respective  
accessible  emission  separately (see  Annex A).   The  l im i t values  are  expressed  as  i rrad iance  
or rad iance.  

Each  ri sk g roup  i s  associated  wi th  d i fferen t time  bases  as  found  i n  Table  4 .  

To  determine  the  risk g roup,  the  accessible  emission  must be  fi rst determined  and  then  the  
accessible  emission  i s  compared  against the  AEL  values  provided  i n  Table  3  for the  time  
bases  provided  i n  Table  4  (see  Annex B).  

•  The  product i s  RG0  (Exempt Group)  i f no  accessib le  emission  exceeds  the  RG0  AELs.     

•  The  product i s  RG1  i f any accessib le  emission  exceeds  the  RG0  AELs  bu t no  accessib le  
emission  exceeds  the  RG1  AELs.    

•  The  product i s  RG2  i f any accessib le  emission  exceeds  the  RG1  AELs  bu t no  accessib le  
emission  exceeds  the  RG2  AELs.    

•  The  product i s  RG3  i f any accessib le  emission  exceeds  the  RG2  AELs.  I f an  image 
projector i s  to  be  assigned  to  RG3,  the  AE  for UV,  UV-A and  IR shal l  be  below the  AEL  for 
RG2  (see  6 . 1 ).  

5 Risk group determination    

5.1  Test condi tions  

The  image  projector shal l  meet the  safety requ i rements  defined  in  th is  part  of I EC  62471  
under a l l  expected  operating  cond i tions  appropriate  to  the  i n tended  use  of the  product.  
Factors  to  be  considered  shal l  i nclude:  

•  cl imatic cond i tions  (for example  temperature,  relative  humid i ty);  

•  vibration  and  shock.  

I f no  provis ions  are  made  i n  a  speci fic product safety standard ,  the  relevant subclauses  of 
I EC 60950-1  and /or I EC  60065  shal l  apply.   

The  product shal l  be  ad justed  to  ach ieve  the  maximum  emission .   The  l i gh t source  shal l  be  
operated  at maximum  optical  power ou tpu t.   For image  projectors  th is  means  that modu lation ,  
colour and  spatial  characteristics  shou ld  be  chosen  to  ach ieve  the  h ighest rad ian t power.  

The  evaluation  shal l  i nclude  reasonably foreseeable  s ing le  fau l t  cond i tions  such  as  fai l u re  of 
d i ffusers  or l i gh t-beam  processing  optics  prior to  the  projection  lens  or ci rcu i t  fai lu re.  The  
accessible  emission  of the  image  projector shal l  not exceed  the  AEL of the  assigned  RG  
under any reasonably foreseeable  s ing le  fau l t.  The  concepts  of ri sk analysis  shou ld  be  
appl ied  to  characterize  i f a  g i ven  fau l t  i s  reasonably foreseeable  or not.  

I t  i s  not mandatory to  measure  the  accessible  emission  or the  angu lar subtense  of the  
apparent source  (as  parameter of the  AEL).  These  parameters  can  also  be  determined  by 
calcu lation ,  or they can  be  i n ferred  from  in formation  provided  by the  lamp  manufacturer (see  
5. 7).  Also,  depend ing  on  the  type  of l i gh t source,  some  accessib le  emission  values  
(depend ing  on  associated  wavelength  range)  need  not be  determined  as  speci fied   
i n  Table  A. 1 .  
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5.2  Measurement conditions  for image  projectors  

5.2 .1  Measurement throw ratio  

Fixed  focal  l eng th  projector systems that have  no  ad justable  zoom  shal l  be  measured  wi th  the  
focus  ad justed  to  ach ieve  maximum  rad iance.  

Projectors  wi th  an  ad justable  throw ratio  (zoom)  lens  that i s  non-in terchangeable  shal l  be  
ad justed  to  ach ieve  the  h ighest ratio  between  the  rad iance  and  AEL.  

Projectors  wi th  an  i n terchangeable  lens  system  shal l  be  tested  wi th  the  throw ratio  ad justed  to  
2 , 0  or h igher.  

5.2.2  Measurement d istance 

The  accessib le  emission  shal l  be  determined  at  a  d i stance  of 1 , 0  m  from  the  closest poin t of 
human  access  toward  the  l i gh t source  a long  the  axis  of the  l i gh t beam  (see  Annex D).   

5.3  The  position  and  size  of apparent source,  the  calcu lation  of angu lar subtense 

I n  th is  part of I EC  62471 ,  the  posi tion  of apparen t source  i s  defined  as  the  l ocation  of the  exi t  
pupi l  of the  projection  lens.  

The  d iameter i s  defined  by using  the  'Fu l l  Wid th  at Hal f Maximum'  (FWHM)  (see  F igure  4) .  

 

Figure  4  – Diameter of the  apparent source 

I f the  exi t pupi l  i s  fu l l y fi l l ed  wi th  an  i rrad iance  pattern  (flashed),  the  ou ter d iameters  of the  
exi t  pupi l  can  be  used  to  determine  the  angu lar subtense  α  as  seen  from  the  measurement 
d istance  (see  Annex C).    

The  AEL  for the  retinal  thermal  hazard  depends  on  the  parameter α ,  the  angu lar subtense  of 
the  apparent source  (see  3 . 4) .  The  angu lar subtense  of the  apparen t source  i s  ca lcu lated  by 
using  the  d i stance  from  the  observer to  the  apparen t source.  I f the  rad iance  (AE  to  be  
compared  wi th  the  reti nal  thermal  AEL)  i s  determined  wi th  an  1 1  mrad  averag ing  ang le  of 
acceptance,  then  the  m in imum  value  of α  for the  determination  of the  AEL  i s  1 1  mrad .   I f the  
rad iance  i s  determined  wi th  an  averag ing  ang le  of acceptance  of 5  mrad  (for i nstance  for 
pu lsed  emission ),  the  min imum  value  of α  for the  determination  of AEL shal l  not be  less  than  
5  mrad .  

The  angu lar subtense  of an  oblong  source  shal l  be  determined  by the  ari thmetic mean  of the  
maximum  and  m in imum  angu lar d imensions  of the  source.  For example,  for a  20  mm  l ong  by 
1 0  mm  d iameter tubu lar source  at  a  viewing  d istance  of l  =  1  m  i n  a  d i rection  normal  to  the  
l amp  axis,  i t  wou ld  be  determined  from  the  mean  d imension ,  Z;  

IEC 

  

Diameter of the apparent source  

(by way of ful l  width  at half maximum)  

50  %  of  

maximum  

Maximum  
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Z  =  (20  +  1 0)  /  2  =  1 5  mm  (0 , 01 5  m).  

Thus  

α  =  Z  /l  =  0,01 5  / 1  =  0 , 01 5  rad .  

Any angu lar d imension  larger than  αmax  shal l  be  l im i ted  to  αmax  and  any angu lar d imension  
smal ler than  αmin  shall  be l imited  to αmin ,  prior to the determination of the arithmetic mean.   

NOTE  I n  th i s  part  of I EC  62471 ,  the  va l ue  for α
m in

 i s  0 , 001  5  rad .  

5.4 Measurement of i rrad iance  – specified  apertures   

Where  the  l im i ts  i n  I EC  62471  are  provided  in  i rrad iance  or rad ian t exposure,  the  ang le  of 
acceptance  values  are  speci fied  i n  Table  1 .  

Measurements  of i rrad iance  shal l  be  made  to  i nclude  local ized  areas  of h ighest i rrad iance  
wi th in  the  beam  cross-section .  On  cond i tion  the  i rrad iance  profi l e  i n  the  beam  for a  wh i te  
image  can  be  assumed  to  be  homogeneous  (constant i rrad iance  profi l e) ,  the  d iameter of the  
aperture  stop  over wh ich  i rrad iance  i s  averaged  i s  not cri tical .  A l arger aperture  stop  can  be  
used  to  improve  the  s ignal  to  noise  ratio.  Typical  i npu t optics  d iameters  are  20  mm,  bu t as  
l ong  as  a  un i form  i rrad iance  profi le  i s  ensured  aperture  stop  d iameters  up  to  50  mm  can  be  
used .  

5.5  Measurement of rad iance 

I n  cases  where  the  l im i ts  are  provided  as  rad iance  or rad iance  dose  to  be  compared  to  AE  
that i s  spatia l l y averaged  rad iance,  the  source  rad iance  data  shal l  be  determined  wi th  
projector focus  and  throw ratio  setting  as  speci fied  i n  5 . 2 . 1 .  The  fie ld  of view (averag ing  ang le  
of acceptance  of the  rad iance  detector)  i s  g i ven  in  Table  1  for CW emission  and  in  Table  2  for 
pu lsed  emission .  The  area  of the  source  producing  the  maximum  spatia l  rad iance  (hotspot)  
shal l  be  determined .  

Table  1  – Measurement cri teria  — field  of view (ang les  of acceptance)  for CW source 

Hazard  name 
Wavelength  
range,  nm  

Ang le  of acceptance  γ,  rad  

Exempt Group  Risk Group  1  Risk Group  2  

UV 200  to  400  1 , 4  1 , 4  1 , 4  

UV-A 31 5  to  400  1 , 4  1 , 4  1 , 4  

Blue-l ight 300  to  700  0 , 1 1  0 , 01 1  0 , 01 1  

Retinal  thermal  380  to  1  400  0 , 01 1  0 , 01 1  0 , 01 1  

Corneal /l ens  IR 780  to  3  000  1 , 4  1 , 4  1 , 4  

 

Table  2  – Measurement cri teria  — field  of view (angles  of acceptance)  for pu lsed  source 

Hazard  name 
Wavelength  
range,  nm  

Ang le  of acceptance  γ,  rad  

Exempt Group  Risk Group  1  Risk Group  2  

UV 200  to  400  1 , 4  1 , 4  1 , 4  

UV-A 31 5  to  400  1 , 4  1 , 4  1 , 4  

Blue-l ight 300  to  700  0 , 1 1  0 , 01 1  0 , 01 1  

Retinal  thermal  380  to  1  400  0 , 005  0 , 005  0 , 005  

Corneal /l ens  IR 780  to  3  000  1 , 4  1 , 4  1 , 4  
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5.6  Accessible  emission  l imi ts  

5.6.1  For CW emission  

When  the  ou tpu t i s  con tinuous  for times  greater than  0 , 25  s  and  the  peak rad iated  power i s  
not h igher than  1 , 5  times  the  average  rad iated  power,  the  pu l se  cri teria  defined  in  5 . 6. 2  need  
not be  appl ied .  I n  th is  case,  the  AE  for the  retinal  thermal  hazard  i s  determined  as  average  
rad iance  (averaged  over 0 , 25  s)  and  i s  compared  wi th  the  CW-AEL for the  retinal  thermal  
hazard  speci fied  in  Table  3  (see  3 . 7).    

Table  3  – AEL (accessible  emission  l imits)  for risk groups  of lamps  
 and  lamp systems  emitting  CW optical  rad iation  

Hazard  
Wavelength  
range,  nm  

Symbol  
for 

emiss ion  
l evel 1  

Em ission  l im i ts  

Un i ts  Exempt 
Group  

Risk Group  
1  

Ri sk Group  
2  

UV2  200  to  400  E
S
 0 , 001  0 , 003  0 , 03  W∙m -2  

UV-A2  31 5  to  400  E
UVA

 1 0  33  1 00  W∙m -2  

Blue-l i gh t 300  to  700  L
B
 1 00  1 0  000  4  000  000  W∙m -2 ∙ sr-1  

Blue-l igh t smal l  
source  

300  to  700  E
B
 1 , 0  1 , 0  400  W∙m -2  

Retinal  thermal  380  to  1  400  L
R
 28  000/α  28  000/α  28  000/α  W∙m -2 ∙ sr-1  

IR an terior eye2  780  to  3  000  E
I R
 1 00  570  3200  W∙m -2  

1  Symbol s  for em iss i on  l evel s  (E
S
,  E

UVA
,  L

B
,  E

B
,  L

R
,  E

I R
)  and  each  formu la  are  defi ned  i n  I EC  62471 .  Some  

formu lae  of above  em i ssi on  l evel s  are  defi ned  by u s i ng  wei gh ti ng  functi ons  B(λ)  and  R(λ)  (see  Tabl e  8 ) .  

2  For an  image  proj ector that  i s  to  be  assi gned  to  RG3,  the  AE  for UV,  UV-A and  I R sha l l  not  exceed  the  AEL  
for RG2  

 

Table  4  – Time base  values  associated  with  the  risk groups  and  hazards  

Hazard  Exempt Group  Risk Group  1  Risk Group  2  

UV  30  000  s  1 0  000  s  1  000  s  

UV-A  1  000  s  300  s  1 00  s  

Retinal  b lue-l ight  1 0  000  s  1 00  s  0 , 25  s   

Retinal  thermal  0 , 25  s  0 , 25  s  0 , 25  s  

I n frared  cornea  1  000  s  1 00  s  1 0  s  

 

Table  5  – Basic  retinal  thermal  emission  l imit  

Exposure  duration  t Rad iance  L
R
EL  Un i t  

t ≤  1  µs  0, 63  α-1 ∙ t-1  W∙m -2 ∙ sr-1  

1  µs  <  t ≤  0 , 25  s  2 , 0  ×  1 04 ∙α -1 ∙ t-0 , 25   W∙m -2 ∙ sr-1  

t >  0 , 25  s  Determ ined  as  CW 

The  angu l ar subtense  of the  apparen t  sou rce  α  i s  expressed  i n  rad i ans,  and  t  i s  expressed  i n  seconds.  

The  val ue  of α  i n  the  d eterm inati on  of the  AEL  sha l l  not  be  l ess  than  α
m in

 and  not be  l arger than  α
max.
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5.6.2  For pu lsed  emission  

5.6.2 .1  General  

The  emission  shou ld  be  considered  to  be  pu lsed  i f the  peak rad iated  power i s  more  than  1 , 5  
times  the  average  rad iated  power (see  3 . 28).   

5.6.2 .2  For UV,  UV-A,  photochemical  retinal  l imits  and  IR cornea l imi t 

Compare  the  averaged  i rrad iance  or averaged  rad iance  wi th  the  AEL values  of Table  3  
(averag ing  over the  time  base  associated  wi th  the  risk g roup  and  respective  l im i t,  see   
Table  4) .  

5.6.2.3  For retinal  thermal  l imit  

For projectors  emi tting  pu lsed  optical  rad iation ,  the  classi fication  cri teria  shal l  apply to  the  
most restrictive  of the  requ i rements  for a  s i ng le  pu lse,  or to  any g roup  of pu lses.  

The  cri teria  below apply to  the  general  case  of pu lsed  emission .   

I n  the  general  case,  two  cri teria  apply,  and  the  respective  accessib le  emission  shal l  not 
exceed  the  AEL  for e i ther of the  two  cri teria  a)  and  b)  as  fol lows.   

a)  Compare  the  averaged  rad iance  wi th  the  AEL  values  of Table  5 .   

(a-1 )  For regu larly emi tted  pu lse  tra ins  (constan t pu lse  parameters),  average  over the  time  
base  of 0 , 25  s .   

(a-2)  For i rregu lar pu lse  patterns,  average  over emission  durations  that are  shorter than  or 
equal  to  0 , 25  s  i n  order to  a l so  analyse  groups  of pu lses.   

b)  Compare  the  peak rad iance  of each  pu lse  wi th  the  AEL values  of Table  5 .  The  AEL  values  
shal l  be  mu l tip l i ed  by the  factor C5  i n  Table  6 .   

The  pu lse  duration  i s  defined  as:  tp  =  D/Lpeak  (see  3 . 27).  

And  the  value  of α  u sed  i n  the  calcu lation  of the  AEL i s  defined  i n  Table  6 .  

Table  6  – The  values  of C5  and  α  
for AEL calcu lation  

Cond i tion  Value  of C
5
 Value  of α  for calcu lating  AEL 

α  ≤  0 , 005  rad   1 , 0  0 , 005  rad  

0,005  rad  <  α  ≤  α
max

 
N  ≤  40  N-0 , 25  α  

N  >  40  0, 4  α  

α
max

 <  α  <  0 , 1  rad  
N  ≤  625  N-0 , 25  α

max
 

N  >  625  0, 2  α
max

 

α  ≥  0 , 1  rad   1 , 0  α
max

 

N  i s  the  n umber of pu l ses  that occu r wi th i n  the  time  base.  

α
max 

i s  defi ned  i n  Tabl e  7 .  
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Table  7  – Pu lse  duration  dependent values  of αmax  

Emission  duration  Maximum  angu lar subtense  α
max

 

t
p
 <  625  µs  0, 005  rad  

625  µs  ≤  t
p
 <  0 , 25  s  

0 , 2  t
p
0 , 5  rad  

where  t
p
 i s  g i ven  i n  seconds  

t
p
 ≥  0 , 25  s  0, 1  rad  

 

5.6.3  Spectral  weighting  functions   

Spectral  weighting  functions  for assessing  retinal  hazards  are  g iven  i n  Table  8 .  

Spectral  weighting  functions  for assessing  u l traviolet hazards  are  g iven  i n  I EC  62471 .  
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Table  8  – Spectral  weighting  functions  B(λ)  and  R(λ)  for assessing  retinal  hazards  

Wavelength  Blue-l ight  hazard  spectral  
 weighting  function   

Retinal  thermal  hazard  spectral  
weighting  function  

nm  B(λ )  R(λ )  

300  to  375  0, 01  – 

380  0, 01  0 , 01  

385 0, 01 3  0 , 01 3  

390  0, 025  0 , 025  

395 0, 05  0 , 05  

400  0, 1 0  0 , 1 0  

405 0, 20  0 , 20  

41 0  0, 40  0 , 40  

41 5 0, 80  0 , 80  

420  0, 90  0 , 90  

425 0, 95  0 , 95  

430  0, 98  0 , 98  

435 1 , 0  1 , 0  

440  1 , 0  1 , 0  

445 0, 97  1 , 0  

450  0, 94  1 , 0  

455 0, 90  1 , 0  

460  0, 80  1 , 0  

465 0, 70  1 , 0  

470  0, 62  1 , 0  

475 0, 55  1 , 0  

480  0, 45  1 , 0  

485 0, 40  1 , 0  

490  0, 22  1 , 0  

495 0, 1 6  1 , 0  

500  to  600  1 0 [ (450 -λ ) /50 ]  1 , 0  

600  to  700  0, 001  1 , 0  

700  to  1 050  – 1 0 [ (700-λ ) /500 ]  

1 050  to  1 1 50  – 0, 20  

1 1 50  to  1 200  – 0, 2 ⋅ 1 00 , 02 (1 1 50 -λ )   

1 200  to  1 400  – 0, 02  

Represen tati ve  wavel eng ths  are  shown :  o ther val ues  shou l d  be  obtained  by l ogari thm ic i n terpol ati on  at  
i n termed iate  wavelengths  

 

NOTE  Tabl es  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7  and  8  are  from  I CN IRP  201 3  [1 ]  and  devi ate  from  I EC  62471 : 2006.  

5.7  Applying  information  from  the  lamp manufacturers  

5.7.1  General  

Under speci fi c cond i tions,  the  assessment of a  s ing le  lamp  i s  d i rectl y transferable  to  the  l amp  
system  or l um inai re.  The  risk g roup  wi l l  remain  the  same,  or may be  reduced  (by fi l ters,  etc. ) .  
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However,  as  a  general  ru le  for image  projectors,  the  projection  optics  serve  as  a  magn i fier of 
the  orig inal  l i gh t source;  hence,  the  source  s ize  at the  reference  d istance  can  be  increased  
and  i rrad iance  i n  the  beam,  at the  reference  d istance,  wi l l  be  i ncreased .  I f the  rad iance  of the  
l amp  i s  determined  as  averaged  over a  g iven  ang le  of acceptance  and  the  lamp  is  smal ler 
than  that averag ing  ang le  of acceptance,  then  the  averaged  rad iance  for the  projector wi l l  
a lso  be  i ncreased  ( the  Law of Conservation  of Rad iance  has  to  be  used  wi th  cau tion).  

5.7.2  Limi ts  provided  in  i rradiance/rad iant exposure 

I n  the  spectral  ranges  200  nm  to  400  nm  and  780  nm  to  3  000  nm  where  the  emission  l im i ts  i n  
I EC  62471  are  provided  i n  i rrad iance  or rad ian t exposure,  the  measurements  of an  
i ncorporated  l amp  cannot s imply be  transferred  d i rectl y to  the  projector system,  bu t requ i re  an  
analysis  of the  optical  fi l tration  and  concentration  by the  projection  optics  to  determine  the  
system  ri sk g roup.    

Add i tional  optics  mod i fy the  i rrad iance  of a  source,  ( i . e.  may have  a  s ign i ficant impact)  where  
the  classi fication  i s  based  on  i rrad iance  or rad ian t exposure  cri teria.   

5.7.3  Limits  provided  in  rad iance or radiance  dose 

I n  cases  where  the  emission  l im i ts  i n  I EC  62471  are  provided  i n  terms  of spatia l l y averaged  
rad iance  or spatia l l y averaged  rad iance  dose,  the  Law of Conservation  of Rad iance  has  to  be  
used  wi th  cau tion .  That i s ,  i f the  true  source  rad iance  of a  l i gh t source  (arc l amp,  s ing le  LED,  
etc. )  i s  below the  rad iance  l evel  speci fied  (per risk g roup),  the  fi nal  l amp  system  (or LED-
array)  a lso  cannot exceed  the  accessib le  emission  l im i ts.  True  source  rad iance  can  be  
reduced  by apertures  and  transmission  l osses  bu t not i ncreased  over that of the  bare  l amp.  
I EC  62471  requ i res  measurements  of spatial l y averaged  rad iance  (see  3. 32)  values  wi th  the  
consequence  that the  relationsh ip  between  the  fie ld  of view and  the  source  area,  as  i t  was  
used  for the  characterization  of a  s ing le  component,  may be  changed  by the  projection  optics.  
Consequently,  i f the  l amp  i s  smal ler than  the  averag ing  ang le  of acceptance  (fi el d  of view),  or 
i f i t  has  rad iance  hotspots,  the  averaged  rad iance  as  determined  for the  lamp can  be  
s ign i fican tl y i ncreased  due  to  the  projection  optics.  

6 Manufacturer’s  requ irements  

6.1  General  

The  primary purpose  of projector risk-group  classi fication  by the  manufacturer i s  to  determine  
the  need  for any eng ineering  con trols  and  to  i n form  the  user of potentia l  hazards  that may 
requ i re  precau tions  or l im i tations  on  i nstal lation .  Therefore,  when  a  projector i s  determined  to  
be  Risk Group  1 ,  2  or 3 ,  i t  i s  importan t that the  user i s  i n formed  by label l i ng  and  user manual  
data,  regard ing  wh ich  poten tial  hazards  may requ i re  con trols.   

The  ri sk group  of the  image  projector shal l  be  determined  accord ing  to  Clause  5.  

Projectors  wh ich  are  RG2  or l ower may become RG3  when  fi tted  wi th  i n terchangeable  lenses  
wi th  l arger th row ratios.  These  l enses  shal l  i nclude  user i n formation  (see  6 . 7 .5) .  

Risk Group  1  and  Exempt Group  projectors  do  not requ i re  con trols,  s ince  i t  i s  not reasonably 
foreseeable  that the  emission  of image  projectors  wi l l  be  d i rected  i n to  the  eyes  of people  for 
extended  periods  of time  (hours).   

RG3  products  are  i n tended  for professional  use  on ly,  and  are  not i n tended  for consumer use.  

The  products  shal l  be  designed  not to  emi t  unnecessary optical  rad iation  ou tside  of the  
380  nm  to  780  nm  wavelength  range.  For image  projectors  that are  assigned  to  RG3,  the  AE  
for UV,  UV-A and  IR shal l  be  below the  AEL  for RG2.  

Copyright International  Electrotechnical  Commission  



I EC  62471 -5: 201 5  © I EC 201 5  – 25  – 

The  products  shal l  be  designed  for foreseeable  variations  of i nstal lation  cond i tions  (the  
possibi l i ty of i nsta l lation  on  the  cei l ing ,  i n  a  veh icle,  etc. ) .   

6.2  Determination  of HD  (hazard  d istance)  

For RG3  products,  the  HD  shal l  be  determined  under maximum  emission  power at each  throw 
ratio.   

For i n terchangeable  l enses,  the  maximum  foreseeable  HD  shou ld  be  provided .  

The  basis  of the  HD  is  the  AEL  for the  reti nal  thermal  hazard  wi th  assumed  exposure  duration  
of 0 , 25  s  (see  Table  3  and  Table  5) .  The  value  of α  i s  to  be  in  un i ts  of rad ians.  See  Annex E  
for add i tional  i n formation .  

6.3  Safety feature  "soft start"  

The  i n i tia l  em ission  from  RG2  and  RG3  projectors  after power on  shal l  be  con trol led  so  that 
the  fu l l  power emission  start no  sooner than  one  fu l l  second  after l i gh t i s  fi rst emi tted  from  the  
l ens.  

NOTE  "The  fu l l  power em iss ion "  i ncl udes  any parti a l  i rrad iance  of the  projecti on  area.  

6.4 Optional  safety features  

6.4.1  Projection  of warning  message   

Risk of poten tia l  hazardous  exposure  can  be  reduced  du ring  system  start up  wi th  the  use  of 
vi s ible  or aud ible  s ignals.  Add i tional l y,  warn ing  text and /or graph ics  may be  projected  on  to  
the  screen .  Projected  warn ing  may i nclude  text such  as  ‘Do not stare  i n to  beam’ .  I nd icating  
the  hazard  d istance  may a lso  be  usefu l  gu idance  to  the  user.  

EXAMPLE  “Do  not  d i rectl y expose  eyes  to  pro jected  l i gh t  cl oser than  < i n sert  HD>  from  proj ector l ens”   

6.4.2  Power reduction  by sensor system    

Sensors  wh ich  detect the  l ocation  of the  human  body or objects  wi th in  hazardous  areas  are  
used  widely i n  factory au tomation  fi e lds.  I f such  devices  have  a  su fficien tly h igh  re l iabi l i ty 
l evel  and  the  ou tpu t power i s  reduced  au tomatical l y when  personnel  or reflective  objects  en ter 
the  hazardous  area,  such  a  protective  system  can  be  considered  effective  for reducing  the  
risk of hazardous  l i gh t exposure.  

6.5  Label l ing  on  products  

6.5.1  General  

Each  product shal l  carry l abel (s)  i n  accordance  wi th  the  requ i rements  of the  correspond ing  
clauses  i n  the  fol lowing ,  depend ing  on  the  projector risk group  classi fication .   

•  The  labels  shal l  be  durable,  permanently affixed ,  l eg ible,  and  clearly vis ible  du ring  
operation ,  main tenance  or service,  accord ing  to  thei r purpose.   

•  They shou ld  be  posi tioned  so  that they can  be  read  wi thou t the  necessi ty for human  
exposure  to  optical  rad iation  in  excess  of the  appl i cable  AEL.   

•  The  label  and  symbol  s ize  shou ld  be  adapted  to  the  s ize  of the  product.   

•  For the  RG2  label  (F igure  6) ,  RG3  label  (F igure  9)  and  the  optical  rad iation  warn ing  
symbol  (F igure  1 0),  text and  borders  shal l  be  b lack on  a  yel low background .   

I f the  projector i ncorporates  l asers  ( laser i l l um inated  projectors),  the  appropriate  label  
requ i red  by IEC  60825-1 : 201 4,  4 . 4  shal l  a l so  be  carried .  

Copyright International  Electrotechnical  Commission  



 –  26  – I EC  62471 -5: 201 5  © I EC 201 5  

NOTE  Pro jectors  con tai n i ng  an  encl osed  l aser system  and  whose  accessib l e  rad i ance  du ri ng  normal  operati on  i s  
be l ow the  th reshol d  speci fi ed  i n  I EC  60825-1 : 201 4  are  exempted  from  the  l aser product  cl assi fi cati on  and  i ts  
associated  cl assi fi cati on  l abel l i ng  for the  pro j ector l i gh t.  Such  l aser product l abel l i ng  app l i es  on l y to  accessi b l e  
l aser em iss i ons  except  for the  projector l i gh t.  Hence  the  l aser product  l abel  wou l d  be  typ i ca l l y C l ass  1  or i n  a  few 
i nstances,  Cl ass  2 .  Label l i ng  i n  accordance  wi th  th i s  part  of I EC  62471  appl i es  to  the  projector l i gh t.  

Reproductions  of a l l  requ i red  l abels  shou ld  be  i ncluded  in  the  user manual .  

Projectors  wh ich  are  RG2  or l ower as  evaluated  under the  throw ratio  defined  in  th is  part of 
I EC  62471 ,  wh ich  may become RG3  when  fi tted  wi th  i n terchangeable  lenses  wi th  l arger throw 
ratios,  shal l  i nclude  add i tional  l abel l i ng  (see  6 . 6).  

Explanations  of each  label  accord ing  to  each  ri sk group  are  shown  i n  Table  9 .  

Table  9  – Label l ing  on  products  

RG0  RG1  RG2  RG3  

Not requ i red  Not  requ i red  •  Cau ti on  l abel  i n  F i gu re  6 .   

or 

•  RG2  cau ti on  symbol  i n   
F i gu re  7.   

or 

•  RG2  cau ti on  p i ctogram  i n  
F i gu re  8  or a  s im i l ar desi gn .  

•  Warn i ng  l abel  i n  F i gu re  9 .  

•  Opti ca l  rad i ati on  warn i ng  
symbol  i n  F i gu re  1 0 .   

•  "Not  for househol d  u se"  
symbol  i n  F i gu re  1 1 .  

[Optional ]    

•  RG1  l abel  i n  
F i gu re  5 .  

 

6.5.2  RG0  projector 

RG0  projector i s  safe  for general  use.   

Projector products  requ i re  no  add i tional  l abel l i ng .  

6.5.3  RG1  projector 

An  optional  l abel  i nd icates  “RG1 ”  can  be  appl ied  on  the  product (see  F igure  5).   

 

Figure  5  – RG1  label  (optional )  

IEC 

RG1  
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6.5.4 RG2  projector  

A label  shal l  be  appl ied  on  the  product s im i l ar to:  

“Cau tion  Do  not stare  i n to  the  beam,  RG2”  (see  Figure  6).   

 

Figure  6  – RG2  label  

Al ternatively,   

•  the  RG2  cau tion  symbol  (F igure  7)  may be  used ,  compris ing  symbol  I EC  6041 7-6069  
(201 1 -08)  wi th  the  add i tion  of the  text "RG2",  or 

•  the  RG2  cau tion  pictogram  (Figure  8)  or a  s im i lar design  may be  used  wi th  the  add i tion  of 
the  text "RG2".  

 

Figure  7  – RG2  caution  symbol  

 

Figure  8  – Sample  design  of RG2  caution  pictogram 

The  RG2  cau tion  symbol  shou ld  be  p laced  close  to  the  apertu re.  D i rect prin ting  or engraving  
on  the  product i s  acceptable.  

IEC 

Caution  

Do not stare  i n to  the  beam  

RG2   

IEC RG2  

IEC RG2  
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6.5.5  RG3  projector  

A label  shal l  be  appl ied  on  the  product s im i l ar to:  

“Warn ing !  Do  not l ook i n to  the  beam.  No  d i rect eye  exposure  to  the  beam  i s  permi tted ,  
RG3.  Hazard  D istance:  Refer to  the  manual ”  (see  Figure  9).  

 

Figure  9  – RG3  label  

RG3 projectors  shal l  a lso  have  the  optical  rad iation  warn ing  symbol  [I SO  701 0-W027  
(201 1 -05),  see  F igure  1 0]  and  the  "Not for household  use"  symbol  [I EC  6041 7-51 09  (2002-1 0),  
see  F igure  1 1 ] .  

 

Figure  1 0  – Optical  radiation  warn ing  symbol  

 

Figure  1 1  – "Not for household  use"  symbol  

6.6  User information  

6.6.1  General  

Manufacturers  shal l  provide  adequate  user i n formation  accord ing  to  the  risk g roup  of the  
product.   

The  user i n formation  shal l  i nclude  the  ri sk group  classi fication  of the  projector,  any requ i red  
precau tions  and  hazard  d istance  for RG3  product i f appl icable.  The  ri sk group  shal l  be  
described  i n  the  user manual  wi th  the  name and  the  ed i tion  of th is  standard .   

Normal  i n tended  use  and  safety i nstructions  shal l  be  described  i n  detai l .  I f requ i red ,  tra in ing  
and  instal lation  requ i rements  (e. g .  restricted  area  requ i rements)  shal l  be  speci fied  in  the  user 
manual .  

NOTE  National  l eg i s l ati on  regard ing  occupational  safety and  heal th  (OSH )  and /or even t  safety may con ta in  
add i ti onal  or d i fferen t  requ i remen ts.  

IEC 

Warn ing  !  

Do not l ook in to  the  beam.   

No d i rect eye  exposure  to  the  beam  i s  
permi tted  

RG3  

Hazard  D istance:  Refer to  the  manual  
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The  manufacturer shal l  provide  i n formation  on  how the  hazard  d istance  may change  for 
d i fferen t optical  features  ( i . e .  zooming  feature,  i n terchangeable  l ens  system)  for RG3  products.   

I f an  i n terchangeable  l ens  system  can  be  used  on  the  projector,  a l l  possib le  reasonably 
foreseeable  worst-case  hazard  d istances  shal l  be  l i sted  for the  appropriate  range  of mod i fying  
optics  i n  the  user manual  (see  6 . 7).  These  values  cou ld  be  d isplayed  in  one  g raph  or table  
and  cou ld  be  based  on  calcu lations  (see  Annex E).   

Explanations  of speci fied  in formation  accord ing  to  each  ri sk g roup  are  shown  i n  Table  1 0 .  

6.6.2  Assessment of user accessible  area 

A label  or symbol  i s  su fficien t to  warn  against staring  in to  the  product from  close  d istances.  

However,  an  RG3  system  has  an  associated  hazard  d istance  for momentary d i rect viewing  
(assumed  exposure  duration  of 0 , 25  s)  of greater than  1  m .  The  person  who  i s  i n  the  
accessible  area  wi th in  the  hazard  d istance  shou ld  be  protected  from  th is  poten tia l  viewing  
hazard .  I n  add i tion  to  warn ing  labels,  fu rther requ i rements  for RG3  projectors  to  avoid  such  a  
ri sk are  then  needed .   

The  requ i rements  for user safety i n  the  accessib le  area  of an  RG3  system  are  defined  in  
6 . 6 .3 .5.  

6.6.3  User information  (user manual )  

6.6.3.1  General  

Table  1 0  – User information  in  user manual  

RG1  RG2  RG3  

•  "RG1  I EC  62471 -5: 201 5"  •  "As  wi th  any bri gh t  sou rce,  do  
not  s tare  i n to  the  d i rect beam ,  
RG2  I EC  62471 -5: 201 5"  

•  Reproducti ons  of a l l  requ i red  
l abel s  

•  "N o  d i rect exposure  to  the  beam  shal l  be  
perm i tted ,  RG3  I EC  62471 -5: 201 5"  

•  H azard  d i s tance  

•  "Operators  sha l l  con trol  access  to  the  
beam  wi th i n  the  hazard  d i stance  or i nsta l l  
the  product  a t  the  hei gh t  that wi l l  prevent 
exposures  of spectators '  eyes  wi th i n  the  
hazard  d i s tance"  

•  Reproductions  of a l l  requ i red  l abel s  

 

6.6.3.2  RG0  projector 

RG0  projectors  are  safe  for general  use.   

Projector products  requ i re  no  special  i n formation .  

6.6.3.3  RG1  projector 

User manuals  and  product i n formation  shal l  state  “RG1  I EC  62471 -5:201 5” .   

6.6.3.4 RG2  projector 

User manuals  and  product i n formation  shal l  state  the  fol l owing  text,  or equ ivalen t:  

“As  wi th  any brigh t l i gh t source,  do  not stare  in to  the  beam,  RG2  IEC 62471 -5: 201 5”  
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6.6.3.5  RG3  projector 

The  risk group  and  the  hazard  i n formation  i nclud ing  HD  accord ing  to  the  throw ratio  shal l  be  
provided .  

User i n formation  shal l  i nd icate  that the  user must understand  the  ri sk and  apply protective  
measures  based  upon  the  hazard  d istance  as  i nd icated  on  the  label  and  i n  the  user 
i n formation .  I nstal lation  method ,  barriers,  detection  system  or other appl icable  con trol  
measure  shal l  prevent hazardous  eye  access  to  the  rad iation  wi th in  the  hazard  d istance.  

For example,  ci nema  projectors  that have  a  HD  greater than  1  m  and  emi t l i gh t i n to  an  
uncontrol l ed  area  where  persons  may be  present shou ld  be  posi tioned  i n  accordance  wi th  
“ the  fi xed  projector i nstal lation”  parameters,  resu l ting  i n  a  HD  that does  not extend  i n to  the  
aud ience  area  un less  the  beam  i s  at l east 2  m  above  the  floor l evel .  I n  non-cinema  
envi ronments  where  unrestrained  behaviour i s  reasonably foreseeable,  the  m in imum  
separation  heigh t shou ld  be  greater than  or equal  to  3 , 0  m  to  prevent potentia l  exposure,  for 
example  by an  i nd ividual  s i tti ng  on  another i nd ividual 's  shou lders,  wi th in  the  HD.  For example,  
a  su fficien tly l arge  separation  heigh t may be  ach ieved  by mounting  the  image  projector on  the  
cei l i ng  or through  the  use  of physical  barriers.  

User manuals  and  product i n formation  shal l  state  the  fol l owing  text,  or equ ivalent:   

•  “No  d i rect exposure  to  the  beam  shal l  be  permi tted ,  RG3  I EC 62471 -5: 201 5” .   

•  “Operators  shal l  con trol  access  to  the  beam  wi th in  the  hazard  d istance  or i nstal l  the  
product at the  heigh t that wi l l  prevent spectators'  eyes  from  being  i n  the  hazard  d istance”.  

6.6.4 User information  for maintenance 

The  i nstructions  for the  replacement of l amps  shal l  clearly state  risks  and  proper procedures.  
I n  the  case  of main tenance  of the  RG3  projector,  on ly au thorized  trained  service  personnel  for 
RG3  products  shal l  perform  these  tasks.    

Advice  on  safe  operating  procedures  and  warn ings  concern ing  reasonably foreseeable  
m isuse,  mal functions  and  hazardous  fa i lu re  modes  shal l  be  g iven  in  the  user manual .  Where  
main tenance  procedures  are  detai led ,  they shal l  i nclude  expl i ci t  i nstructions  on  safe  practices.  

6.7  Label l ing  and  user information  for image projectors  where  the  risk group wi l l  be  
changed  by in terchangeable  l ens  

6.7.1  General  

I f the  projector i ncorporates  a  removable  'mod i fying  optics  system'  (projection  lens),  HD  
i n formation  accord ing  to  the  optical  speci fications  of the  l ens  shal l  be  stated .   

As  the  risk g roup  determination  for removable  optics  i s  performed  for a  th row ratio  (TR)  of 2 , 0 ,  
l enses  wi th  TR h igher than  2 , 0  can  poten tia l l y create  a  HD  that exceeds  1  m .  I f there  are  
removable  mod i fying  optics  that have  a  TR h igher than  2 , 0  that can  be  used  wi th  the  product,  
and  i f a  h igher TR l eads  to  a  HD  longer than  1  m  (see  a lso  Annex E),  the  fol lowing  labels  as  
speci fied  i n  6 . 7 . 2  shal l  be  provided  on  the  product and  a lso  con tained  i n  the  user manual .  

Projectors  that change  to  Risk Group  3  are  i n tended  for professional  use  on ly,  and  are  not 
i n tended  for consumer use.  

6.7.2  Label l ing  on  the  projector 

Along  wi th  the  standard  RG  label  (as  for RG2,  the  cau tion  message  i s  provided),  the  fol lowing  
message  or s im i lar shal l  be  i ncluded  on  the  same l abel :  
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"Th is  projector may become RG3  when  an  i n terchangeable  lens  wi th  th row ratio  g reater 
than  xxx (un ique  value  for each  projector)  i s  i nsta l led .  Refer to  the  manual  for the  l ens  
l i st  and  hazard  d istance  before  operation .  Such  combinations  of projector and  l ens  are  
i n tended  for professional  use  on ly,  and  are  not i n tended  for consumer use. "  

Even  i f the  orig inal  RG  i s  RG1  or RG0,  th is  warn ing  shal l  be  provided  as  a  l abel .  

The  label  i s  se lectable  from  Figure  1 2 ,  F igure  1 3  or F igure  1 4;  

 

 

Figure  1 2  – RG2  label  wi th  the  caution  for RG3 

 

 

 

Figure  1 3  – RG2  caution  label  wi th  the  caution  for RG3 

IEC 

Caution  

Do not stare  i n to  the  beam  

RG2   

Th is  projector may become RG3  when  an  
i n terchangeable  l ens  wi th  th row ratio  

g reater than  xxx i s  i nsta l led .  Refer to  the  
manual  for the  l ens  l i st  and  hazard  

d istance  before  operation .  

Such  combinations  of projector and  l ens  
are  in tended  for professional  use  on ly,  and  

are  not i n tended  for consumer use.  

IEC 

RG2  

IEC 

Th is  projector may become RG3  when  an  
i n terchangeable  l ens  wi th  th row ratio  

g reater than  xxx i s  i nsta l led .  Refer to  the  
manual  for the  l ens  l i st  and  hazard  

d istance  before  operation .  

Such  combinations  of projector and  l ens  
are  in tended  for professional  use  on ly,  
and  are  not i n tended  for consumer use.  
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Figure  1 4  – RG2  pictogram  with  the  caution  for RG3 

6.7.3  Mark on  the  in terchangeable  lens   

“Throw Ratio  Range”  or “Model  Number"  shal l  be  marked  wi th  thei r re levant parameter value  
on  in terchangeable  l enses  so  that the  user can  i den ti fy the  parameter name  and  value  from  
the  ou tside  even  after i nsta l lation .  

D i rect pri n ting  or engraving  on  the  product i s  acceptable.   

When  the  mark i s  not d isplayed ,  the  manufacturer shal l  design  the  projector so  that i t  d isplays,  
on  the  screen ,  the  i n formation  about the  hazard  mentioned  in  6 . 7 . 2 .  That i n formation  shal l  be  
provided  at the  beg inn ing  of the  projection  by emissions  below the  RG3  l evel  un ti l  i t  i s  ended  
by manual  operation .  

6.7.4 The  user information  in  the  user manual  of the  projector  

The  in formation  shal l  i nclude:  

•  The  explanation  of the  change  of hazard  magn i tude  by instal l ing  i n terchangeable  lenses.  
The  explanation  shal l  i nclude  the  warn ing  of RG3  projectors  as  fol lows  s im i lar to:  

“No  d i rect exposure  to  the  beam  shal l  be  permi tted ”  

“Operators  shal l  control  access  to  the  beam  wi th in  the  hazard  d istance  or i nstal l  the  
product at  a  heigh t that wi l l  prevent eye  exposure  wi th in  the  hazard  d istance”.  

•  The  l i st  of model  numbers  (or model  names)  of i n terchangeable  l enses  for the  projector.   

•  The  hazard  d istance  at  the  maximum  TR of each  lens  when  i nstal l ed  on  the  projector.  The  
manufacturer shou ld  select an  easi ly understandable  method  of i n forming  users,  such  as  
tabu lar or g raph ical  i n formation .   

6.7.5  The  user information  in  the  user manual  of the  in terchangeable  lens  

The  in formation  shal l  i nclude:  

•  An  explanation  of the  change  of hazard  by instal l ing  the  l ens.  The  explanation  shal l  
i nclude  the  RG3  warn ing  as  fol l ows  s im i lar to:  

“No  d i rect exposure  to  the  beam  shal l  be  permi tted ”  

IEC 
RG2  

IEC 

Th is  projector may become RG3  when  an  
i n terchangeable  l ens  wi th  throw ratio  

g reater than  xxx i s  i nsta l l ed .  Refer to  the  
manual  for the  l ens  l i st  and  hazard  

d istance  before  operation .  

Such  combinations  of projector and  lens  
are  in tended  for professional  use  on ly,  
and  are  not i n tended  for consumer use.  
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“Operators  shal l  con trol  access  to  the  beam  wi th in  the  hazard  d istance  or i nstal l  the  
product at  a  heigh t that wi l l  prevent eye  exposure  wi th in  the  hazard  d istance”.  

•  The  th row ratio  range  of the  l ens.  

•  The  l i st  of model  numbers  (or model  names)  of projectors  wi th  wh ich  the  l ens  may be  used .  

•  The  hazard  d istance  accord ing  to  the  h ighest TR for typical  models.  The  manufacturers  
shou ld  select an  easi l y understandable  method  of i n forming  users,  such  as  tabu lar or 
g raph ical  i n formation .   

7  Information  for service 

Poten tia l  hazards  may exist during  l amp  or product servicing .    

I n  add i tion  to  the  requ i rements  of user i n formation  for main tenance  (6 . 6 .4),  the  manufacturer 
shal l  provide  i n formation  su fficien t for safety tra in ing  of servicing  personnel .  

Laser-i l l um inated  projectors  – a l though  general l y Class  1  l aser products  during  operation  – 
usual l y con tain  Class  3B  or Class  4  embedded  l asers.  Service  shal l  be  performed  on ly by 
au thorized ,  trained  servicing  personnel  ( I EC  60825-1 ;  I EC  TR 60825-1 4  [3 ] ) .   
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Annex A 
(normative)  

 
Test scheme for lamp types   

Table  A.1  –Requ ired  evaluations  

Lamp Type  E
s
 E

UVA
 L

B
/E

B
 L

R
 E

IR
 

LED  Not requ i red2  N ot  requ i red 2  Requ i red  Requ i red  Not  requ i red  

Tungsten-
halogen  

Not requ i red 1  N ot  requ i red 1  Requ i red  Not  requ i red  Requ i red  

Discharge  or 
arc-lamp 

Not requ i red 1  N ot  requ i red 1  Requ i red  Requ i red  Not  requ i red  

Laser 
generated  

Not requ i red2  N ot  requ i red 2  Requ i red  Requ i red  Not  requ i red  

1  N ot  requ i red  u n l ess  UV transmissi ve  proj ecti on  opti cs  are  i nsta l l ed .  

2  N ot  requ i red  u n l ess  phosphor convers i on  ori g i nated  from  a  UV sou rce.  

Low vi sual  s timu l us  eval uati on  i s  n ot  requ i red .  
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Annex B  
( informative)  

 
Example of calculations  

B.1  Radiance calcu lations  

B.1 . 1   General  

The  rad iance  L  (W·m -2 · sr-1 )  i s  determined  (see,  for example,  F igure  B. 1 )  by measuring  the  
rad ian t power P  (W)  passing  through  a  defined  measurement aperture  stop  and  fie ld  stop,  at 
a  defined  measurement d istance  l.   

The  d iameter d of the  aperture  defines  the  sol i d  col lection  ang le  Ω  (sr)  and  the  measurement 
area  AFOV  (herein  defined  as  the  area  under the  “fi e ld  of view”,  i n  m

2)  corresponds  to  the  
acceptance  ang le  (γ)  predetermined  by the  ci rcu lar fie l d  stop  i n  fron t of the  detector.  

L  (W·m -2 · sr-1 )  =  P (W)  /  (Ω  (sr)  AFOV (m
2)) ,  

wh ich  can  a lso  be  expressed  as  

 L  =  E/Ω  (B. 1 )  

where   

E i s  the  i rrad iance  on  a  detector p laced  at 1  m  from  the  projector;  and   

Ω  i s  the  sol id -angu lar subtense  of the  projected  source.   

For retinal  thermal  hazard :  

γ  (ang le  of acceptance)  =  1 1  mrad   for CW source  

 =    5  mrad   for pu lsed  wave  source  

The  zoom  posi tion  of projection  lenses  shal l  be  ad justed  so  as  to  ach ieve  maximum  rad iance  
(the  l ongest th row ratio  i n  general ) .  

Projectors  wi th  an  i n terchangeable  l ens  system  shal l  be  tested  wi th  the  throw ratio  of the  
l enses  ad justed  to  2 , 0  or h igher.  

B.1 .2  Calcu lation  from  measured  i rradiance 

For example,  consider a  measured  i rrad iance  of 0 , 7  W∙m -2  a t  1  m  from  a  data  projector,  and  a  
measured  source  s ize  of 1 , 8  mrad  by 2 , 2  mrad .    

Assumes:  

The  optical  em ission  i s  CW from  a  homogeneous  source.  

The  source  s ize  sol id -angu lar subtense  then  i s :   

Ω  =  0 , 001  8  ×  0 , 002  2  =  4 , 0  ×  1 0 -6  sr .  

Thus:   

L  =  0 , 7  /  (4 , 0  ×  1 0 -6  )  =  1 , 8  ×  1 05  W∙m -2 ∙ sr-1  .  
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S ince  rad iance  i s  a  rad iometric i nvarian t,  i t  can  be  measured  at the  source,  a long  the  beam  
path ,  or at the  detector.  I n  some  cases  where  apertures  are  fi l l ed  un i formly wi th  rad iation ,  the  
rad iance  can  a lso  be  estimated  from  the  ou tpu t speci fications  (or l uminance  LV)  i nstead  of 
i rrad iance  as  i n  the  above  example.  The  l uminance  can  be  derived  from  ou tpu t l umens  and  
beam  d ivergence  ang le  of the  projector.  

B.1 .3  Calcu lation  from  luminous  output 

For example,  a  theatre  projector wi th  a  25  000  lm  ou tpu t,  a  beam  d iameter of 4 , 0  cm  at the  
exi t  poin t from  the  projection  optics,  and  wi th  a  l arge  beam  spread  of abou t 1 4, 3°  h igh  by 
28,6°  wide  (250  mrad  by 500  mrad )  wi l l  produce  a  beam  wi th  an  associated  sol i d  ang le   

Ω  =  0 , 25  ×  0 , 5  =  0 , 1 25  sr .  

Hence  the  approximate  rad iance  can  be  estimated  by employing  the  cross-sectional  area  AS :  

AS  =  π  (0 , 04  /  2)2  =  1 2 , 6  ×  1 0 -4  m2  .  

And  the  l uminous  exi tance  MV  wou ld  therefore  be  

MV  =  25  000  /  1 2 , 6  ×  1 0
-4  =  1 , 98  ×  1 07  lm ∙m -2  .  

Therefore,  

LV  =  MV/Ω  =  1 , 98  ×  1 07  /  0 , 1 25  =  1 , 59  ×  1 08  cd ∙m -2  .  

For a  l um inous  efficacy of rad iation  k =  1 60  lm/W,  photometric l um inance  i s  converted  to  
rad iometric rad iance  as  

Le  =  LV/k =  (1 , 59  ×  1 0
8)  /  1 60  =  9 , 9  ×  1 05  W∙m -2 ∙ sr-1  .  

k i s  ca lcu lated  from  the  spectrum  as  fol lows:  

k =  683 ∙ ∫V(λ)Φ(λ)dλ/∫Φ(λ)dλ  ,  

where  

V(λ)  i s  the  spectral  l uminous  efficiency i n  photopic vis ion ;  and  

Φ(λ)  i s  the  spectral  power d istribu tion  of the  ou tpu t l i gh t.  

NOTE  Th i s  on l y app l i es  for fu l l y u n i form  fi l l ed  apertu res.   
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Figure  B. 1  – Image  of the  apparent source  and  measurement condition  

 

Figure  B.2  – Picture  of the  apparent source  of a  projector at  the  exi t  pupi l  
 of the  projection  lenses  with  a  scale  

B.2  Calculation  example  of risk group (CW)  

B.2.1  Example  of a  5  000  lm  projector  

The  lenses  are  in terchangeable.  

The  maximum  throw ratio  of one  l ens  model  (NTR)  i s  2 , 0 .  

The  aspect ratio  NAS  i s  0 , 75  (Horizontal :Vertical  =  4 : 3) .  

The  apparent source  s ize  of a  projector i s  20  mm  in  d iameter where  NTR  =  2 , 0 .  

The  d istance  lb  between  the  ou ter surface  of the  l ens  and  the  exi t  pupi l  i s  lb  =  1 0  cm.  

Assumes:  

The  spectral  weigh ting  functions  are  1 , 0  for visib le  wavelength .  

The  l uminous  efficacy of rad iation  i s  300  lm/W.  

The  optical  emission  i s  CW from  a  homogeneous  source.  

IEC 

γ :  Ang l e  of  

acceptance  

Measu rement   

d i stance:  l  

Image  d i stance  

α  

  

  

  

  

  

  

  

  

  

  

Apparent  sou rce  

(Exi t  pupi l )  

(See  F i gu re  B . 2)  

d
 

α :  Angu l ar subtense  of the  
apparen t sou rce  Ci rcu l ar  

fi e l d  s top  

Ci rcu l ar  

apertu re  s top  

lb  

y  

IEC 

Apparent source  s i ze  
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Angu lar subtense  α  of the  source  at a  measurement d istance  of 1  m  i s  

α  =  0 , 02  / (1  +  0 , 1 )  =  0 , 01 8  rad  .  

The  angu lar subtense  α  i s  1 8  mrad  and  the  sol id  ang le  subtended  by α  i s  

Ω  =  π  (0 , 01 8)2  /  4  =  2 , 60  ×  1 0 -4  sr .  

The  wid th  of the  projection  area  at  a  measurement d istance  of 1  m  i s  

(1  +  0 , 1 )  /  2 , 0  =  0 , 55  m  (NTR  =  2 , 0)  .  

The  heigh t of the  projection  area  i s  

0 , 550  m  ×  0 , 75  =  0 , 41 3  m  .  

Therefore,  i l l um ination  area  i s  

0 , 550  m  ×  0 , 41 3  m  .  

The  rad ian t power P  (W)  passing  th rough  the  above  i l l umination  area  i s  

P  =  5  000  / 300  =  1 6 , 7  W .  

The  i rrad iance  E a t  1  m  d istance  from  the  ou ter surface  of the  l ens  i s  then   

E =  1 6 , 7  /  (0 , 55  ×  0 , 41 )  =  73,5  W∙m -2  .  

Therefore,  

L  =  E/Ω  =  73, 6  /  (2 , 54  ×  1 0 -4)  =  2 , 83  ×  1 05  W∙m -2 ∙ sr-1  .  

•  Retinal  thermal  hazard  

The  emission  l im i t  of retinal  thermal  hazard  LR  i s  obtained  from  Table  3 .  

LR  for RG2  =  28  000/α  =  1 , 54  ×  1 06  W∙m -2 ∙ sr-1 ;  

L i s  smal ler than  LR.  

•  Blue-l i gh t hazard  

The  emission  l im i t  of b lue  l i gh t hazard  LB  i s  obtained  from  Table  3 .  

LB  for RG2  =  4  000  000  W∙m -2 ∙ sr-1 ;  

LB  for RG1  =  1 0  000  W∙m -2 ∙ sr-1 .  

Because  LB  (LAverage  of b lue-l i gh t hazard)  i s  calcu lated  by using  B(λ)  (see  Table  8),  i t  i s  
obviously l ower than  LAverage  of retinal  thermal  hazard  using  R(λ) .  

I n  th is  example,  LAverage  of retinal  thermal  hazard  i s  l ower than  AEL  of b lue-l i gh t hazard  for 
RG2.  

Therefore,  the  b lue-l i gh t hazard  of the  emission  i s  RG2  or l ower.   

Copyright International  Electrotechnical  Commission  



I EC  62471 -5: 201 5  © I EC 201 5  – 39  – 

Therefore  the  projector i s  classi fied  as  RG2  i f other hazard  e lements  do  not exceed  each  
emission  l im i t  for RG2.  

B.2.2  1 0  000  lm  professional-use  projector with  an  apparent source  of smal l  
subtense  ang le  (CW)  

The  lenses  are  fi xed .  

The  maximum  throw ratio  NTR  i s  5 , 0  

The  aspect ratio  NAS  i s  0 , 75   (Horizontal :Vertical  =  4 : 3) .  

The  apparent source  s ize  of a  projector i s  30  mm  i n  d iameter where  NTR  =  5 , 0 .  

The  d istance  between  the  ou ter surface  of the  l ens  and  the  aperture;  lb  =  1 8  cm.  

Assumes:  

The  spectral  weigh ting  functions  are  1 , 0  for visib le  wavelength .  

The  l uminous  efficacy of rad iation  i s  300  lm/W.  

The  optical  emission  i s  CW from  a  homogeneous  source.  

Angu lar subtense  α  of the  source  at a  measurement d istance  of 1  m  i s  

α  =  0 , 03  / (0, 1 8  +  1 , 0)  =  0 , 025  rad  .  

The  angu lar subtense  α  i s  0 , 025  rad  and  the  sol id  ang le  subtended  by α  i s  

Ω  =  π  (0 , 025)2  /  4  =  5, 08  ×  1 0 -4  sr .  

I l l um ination  area  i s   

0 , 236  m  ×  0 , 1 77  m  at 1 , 1 8  m  from  the  aperture  of the  projector (NTR  =  5 , 0).  

The  rad ian t power P(W)  passing  through  the  above  i l l um ination  area  i s  

P  =  1 0  000  / 300  =  33,3  W .  

The  i rrad iance  E a t  1  m  d istance  from  the  ou ter su rface  of the  lens  i s  then  

E =  33, 3  /  (0, 24  ×  0 , 1 8)  =  798  W∙m -2  .  

Therefore,  

L  =  E/Ω  =  798  /  (4 , 9  ×  1 0 -4)  =  1 , 57  ×  1 06   W∙m -2 ∙ sr-1  .  

•  Retinal  thermal  hazard  

The  emission  l im i t  of retinal  thermal  hazard  LR  i s  obtained  from  Table  3 .  

LR  for RG2  =  28  000/α  =  1 , 1 0  ×  1 06  W∙m -2 ∙ sr-1 ;  

L  i s  g reater than  LR.  

Therefore  the  projector i s  classi fied  as  RG3.  

When  rad iance  exceeds  the  RG2  l im i t,  the  HD  i s  the  d istance  where  the  exposure  level  i s  
equal  to  the  exposure  l im i t  for retinal  thermal  i n ju ry for an  exposure  duration  of 0 , 25  s.  
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•  Calcu lation  of hazard  d istance  (HD)   

L  =  E /  Ω ;  

E =  P  /  S  where  S  i s  projection  area;   

S =  (l  /  NTR  )  NAS  (l  /  NTR  ) ;  

Ω  =  πα2  /  4 .  

Assume:  the  apparen t source  s ize  of a  projector dS  i s  not changed  at  the  posi tion  of HD,  

Ω  =  πdS
2  /  4l2  

L  =  4  ∙  P  ∙  NTR
2  / (NAS  π ·dS

2)  

LR  for RG2  =  28  000/α  =  28  000  lHD  / dS   

where   

lHD  i s  the  d istance  between  the  source  and  the  RG2  posi tion :  

lHD  =  4  P  NTR
2  /  (28  000  NAS  π ·dS)  

P  =  33, 3  

NTR  =  5 , 0   

NAS  =  0 , 75  

dS  =  0 , 03  

lHD  =  1 , 68  (m)  

HD  =  1 , 68  -  0 , 1 8  =  1 , 5  (m)  

B.2.3  2  000  lm  projector with  smal l  apparent source (CW)  

The  lenses  are  fi xed .  

The  maximum  throw ratio  i s  0 , 8.  

The  aspect ratio  (Horizontal :Vertical )  i s  4 : 3 .  

The  apparent source  s ize  of a  projector i s  4 , 0  mm  i n  d iameter where  TR =  0 , 8 .  

The  d istance  lb  between  the  ou ter surface  of the  lens  and  the  exi t  pupi l  i s  lb  =  3 , 0  cm.  

Assumes:  

The  spectral  weigh ting  functions  are  1 , 0  for visib le  wavelength .  

The  l uminous  efficacy of rad iation  i s  300  lm/W.  

The  optical  emission  i s  CW from  a  homogeneous  source.  

Angu lar subtense  α  of the  source  at a  measurement d istance  of 1  m  i s  

α  =  0 , 004  /  (0 , 03  +  1 , 0  )=  3 , 9  ×  1 0 -3  rad  .  

The  angu lar subtense  α  i s  3 , 9  mrad  and  the  sol id  ang le  subtended  by α  i s   

Ω  =  π  (0 , 003  9)2  /  4  =  1 , 2  ×  1 0 -5  sr .  

I l l umination  area  i s  1 , 29  m  ×  0 , 966  m  at 1 , 03  m  from  the  apertu re  of the  projector (TR =  0 , 8) .  

The  rad ian t power P  (W)  passing  through  the  above  i l l umination  area  i s  

P  =  2  000  /  300  =  6 , 67  W .  

The  i rrad iance  E a t  1  m  d istance  from  the  ou ter su rface  of the  lens  i s  then  
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E =  6 , 67  /  (1 , 29  ×  0 , 966)  =  5 , 36  W∙m -2  .  

Therefore,  

L  =  E/Ω  =  5 , 36  /  1 , 2  ×  1 0 -5  =  4 , 53  ×  1 05  W∙m -2 ∙ sr-1  .  

•  Retinal  thermal  hazard  

The  emission  l im i t  of retinal  thermal  hazard  LR  i s  obtained  from  Table  3 .  

LR  for RG2  =  28  000/α  =  28  000  /  (3 , 88  ×  1 0 -3)  =  7 , 21  ×  1 06  W∙m -2 ∙ sr-1  .  

The  angu lar subtense  α  i s  3 , 9  mrad .  

As  a  resu l t,  L  i s  smal ler than  LR.  

•  Blue-l i gh t hazard  

The  emission  l im i t  of b lue  l i gh t hazard  LB  i s  obtained  from  Table  3 .  

LB  for RG2  =  4  000  000  W∙m -2 ∙ sr-1 ;  

LB  for RG1  =  1 0  000  W∙m -2 ∙ sr-1 .  

LAverage  of retinal  thermal  hazard  i s  l ower than  AEL  of b l ue-l igh t hazard  for RG2.   

Therefore,  the  b lue  l i gh t hazard  of the  emission  i s  RG2  or l ower (see  B . 1 . 4).  

Therefore  the  projector i s  cl assi fied  as  RG2  i f other hazard  e lements  do  not exceed  each  
emission  l im i t  for RG2.  

B.3  Calculation  example  of risk group (pu lsed  emission)   

B.3.1  General  

The  pu lsed  emission  i s  defined  by 3 . 27  (pu lse  du ration)  and  3 . 28  (pu lsed  emission).  

I f the  emission  of the  projector i s  categorized  as  pu lsed  emission ,  the  AEL for retinal  thermal  
i s  ca lcu lated  and  ri sk g roup  i s  determined  as  fol lows  (see  5. 6. 2 . 3) .  

•  Compare  the  averaged  i rrad iance  or averaged  rad iance  wi th  the  AEL  values  of Table  3 .  

•  The  peak rad iance  shal l  be  compared  to  the  emission  l im i t (AEL)  i n  Table  5 .  The  AEL  
values  shal l  be  mu l tip l ied  by the  factor C5  i n  Table  6 .  

tp :   pu lse  du ration ,  tp  =  D/Lpeak   

D:   rad iance  dose  

Lpeak:  peak rad iance  

α    u sed  in  the  calcu lation  of AEL  i s  defined  i n  Table  6 .  

B.3.2  1 4 000  lm  projector wi th  one  peak 

See Figure  B . 3.  
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Figure  B.3  – Example  with  one  peak of pu lsed  emission  

The  lenses  are  fi xed .  

The  maximum  throw ratio  i s  2 , 0 .  

The  aspect ratio  (Horizon tal :Vertical )  i s  4 : 3 .  

The  apparent source  s ize  of a  projector i s  20  mm  i n  d iameter where  TR =  2 , 0 .  

The  d istance  lb  between  the  ou ter surface  of the  lens  and  the  exi t  pupi l  i s  lb  =  1 5, 0  cm.  

Assumes:  

The  spectral  weigh ting  functions  are  1 , 0  for vis ib le  wavelength .  

The  l uminous  efficacy of rad iation  i s  280  lm/W.  

The  optical  em ission  i s  pu lsed  emission  from  a  homogeneous  source.  

Angu lar subtense  α  of the  source  at  a  measurement d istance  of 1  m  i s  

α  =  0 , 020  /  (0 , 1 5  +  1 , 0  )  =  1 , 74  ×  1 0 -2  rad  .  

I l l um ination  area  i s  0 , 575  m  ×  0 , 431  m  at 1 , 1 5  m  from  the  aperture  of the  projector (TR =  2 , 0) .  

The  average  rad ian t power P  (W)  passing  through  the  above  i l l umination  area  i s  

P  =  1 4  000  / 280  =  50,0  W .  

The  average  i rrad iance  E a t  1  m  d istance  from  the  ou ter su rface  of the  lens  i s  then  

E =  50, 0  /  (0 , 575  ×  0 , 431 )  =  202  W∙m -2  .  

The  angu lar subtense  α  i s  1 7 , 4  mrad  and  the  sol id  ang le  i s  

Ω  =  π  (0 , 01 74)2  /  4  =  2 , 38  ×  1 0 -4  sr .  
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Therefore,  

average  rad iance  i s  

LAverage  =  E/Ω  =  202  / (2 , 38  ×  1 0 -4)  =  8 , 49  ×  1 05  W∙m -2 ∙ sr-1  .  

•  Evaluation  of retinal  thermal  hazard  

1 )  Comparison  of the  average  rad iance  wi th  the  CW AEL 

LAverage  =  E/Ω  =  8 , 49  ×  1 05  W∙m -2 ∙ sr-1  .  

The  exposure  duration  time  t i s  

t =  0 , 25  s  .  

From  Table  6  and  Table  7 ,  the  maximum  angu lar subtense  αmax  i s  

αmax  =  0 , 2  t
0, 5  =  0 , 1  rad  .  

α  <  αmax  

Therefore,  α  i s  selected  for the  calcu lation  of AEL.  

AEL  =  2 , 0  ×  1 04  ×  0 , 25 -0 , 25  ×  (1 , 74  ×  1 0 -2) -1  =  1 , 63  ×  1 06  W∙m -2 ∙ sr-1  .  

Therefore,  

averaged  rad iance  <  AEL 

2)  Comparison  of the  pu lse  energy and  AEL  of mu l tip le  pu lse  emiss ions  

Calcu late  for the  tota l  rad iance  dose  D  of one  cycle:  

D =  LAverage  1 /1 80  =  (8 , 49  ×  1 0
5)  /  1 80  =  4 , 72  ×  1 03  J ∙m -2 ∙ sr-1  .  

Calcu late  for the  combination  of peak rad iance:  

Lpeak  =  LAverage  92  /  50  =  1 , 56  ×  1 0
6  W∙m -2 ∙ sr-1  .  

•  The  calcu lation  of AEL 

The  pu lse  du ration  i s  

tp  =  D/Lpeak  =  (4 , 72  ×  1 0
3)  /  (1 , 56  ×  1 06)  =  3 , 02  ×  1 0 -3  s  .  

From  Table  6  and  Table  7 ,  the  maximum  angu lar subtense  αmax  i s  

αmax  =  0 , 2  t
0, 5  rad  =  0 , 2  ×  (3 , 01  ×  1 0 -3)0, 5  = 1 1  ×  1 0 -3  rad  .  

αmax  <  α  

Therefore,  αmax  i s  se lected  for the  calcu lation  of AEL.  

•  The  calcu lation  of C5  

N  ( the  number of pu lses  that occurs  wi th in  the  time  base)  i s  

N  =  1 80  ×  0 , 25  =  45  .  
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For αmax  <  α  <  1 00  mrad ,  for N  ≤  625,  

C5  =  N
-0 , 25  =  0 , 39  .  

The  emission  l im i t  of retinal  thermal  hazard  (AEL)  i s  obtained  from  Table  5 .  

AEL  =  2 , 0  ×  1 04  ×  (3 , 02  ×  1 0 -3) -0 , 25  ×  0 , 39  ×  ( 1 1 , 0  ×  1 0 -3) -1  =  3 , 0  ×  1 06  W∙m -2 ∙ sr-1  .  

Peak rad iance  (Lpeak)  of [colour D]  i s  l ess  than  AEL  of mu l tip le  pu lse  emissions.  

•  Evaluation  of b lue-l i gh t hazard  

The  emission  l im i t  of b lue-l i gh t hazard  LB  i s  obtained  from  Table  3 .  

LB  for RG2  =  4  000  000  W∙m -2 ∙ sr-1 ;  

LB  for RG1  =  1 0  000  W∙m -2 ∙ sr-1 ;  

Laverage  i s  smal ler than  LB  for RG2,  l arger than  LB  for RG1 .  

Therefore  the  projector i s  cl assi fied  as  RG2  i f other hazard  e lements  do  not exceed  each  
emission  l im i t  for RG2.  

B.3.3  1 4 000  lm  projector wi th  two peaks  

See Figure  B . 4 .  

 

Figure  B.4 – Example  with  two peaks  of pu lsed  emission  

The  lenses  are  fi xed .  

The  maximum  throw ratio  i s  2 , 0 .  

The  aspect ratio  (Horizon tal :Vertical )  i s  4 : 3 .  

The  apparent source  s ize  of a  projector i s  20  mm  i n  d iameter where  TR =  2 , 0 .  

The  d istance  lb  between  the  ou ter surface  of the  lens  and  the  exi t  pupi l  i s  lb  =  1 5, 0  cm.  

Assumes:  

The  spectral  weigh ting  functions  are  1 , 0  for vis ib le  wavelength .  

The  l uminous  efficacy of rad iation  i s  280  lm/W.  
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The  optical  emission  i s  pu lsed  emission  from  a  homogeneous  source.  

Angu lar subtense  α  of the  source  at a  measurement d istance  of 1  m  i s  

α  =  0 , 02  / (0, 1 5  +  1 , 0  )  =  1 , 74  ×  1 0 -2  rad  .  

The  angu lar subtense  α  i s  1 4  mrad  and  the  sol id  ang le  i s  

Ω  =  π  (0 , 01 74)2 /4  =  2 , 38  ×  1 0 -4  sr .  

I l l um ination  area  i s  (0 , 575m  ×  0 , 431  m)  at 1 , 1 5  m  from  the  aperture  of the  projector (TR =  2 , 0).  

The  average  rad ian t power  P  (W)  passing  through  the  above  i l l umination  area  i s  

P  =  1 4  000  / 280  =  50, 0  W .  

The  average  i rrad iance  E a t  1  m  d istance  from  the  ou ter su rface  of the  lens  i s  then  

E =  50 , 0  /  (0 , 575  ×  0 , 431 )  =  202  W∙m -2  .  

Therefore,  

average  rad iance  i s  

Laverage  =  E/Ω  =  202  / 2 , 38  ×  1 0 -4  =  8 , 49  ×  1 05  W∙m -2 ∙ sr-1  .  

•  Evaluation  of retinal  thermal  hazard  

1 )  Comparison  of the  average  rad iance  wi th  the  CW AEL:  

LAverage  =  8 , 49  ×  1 0
5  W∙m -2 ∙ sr-1  .  

The  time  base  i s  

t =  0 , 25  s  .  

From  Table  6  and  Table  7 ,  the  maximum  angu lar subtense  αmax  i s  

αmax  =  0 , 2  t
0, 5  rad  =  0 , 1  rad  .  

Therefore,  s ince  α  <  αmax  ,  α  i s  selected  for the  calcu lation  of AEL.  

AEL =  2 , 0  ×  1 04  ×  0 , 25 -0 , 25  ×  (1 , 74  ×  1 0 -2) -1  =  1 , 63  ×  1 06  W∙m -2 ∙ sr-1  .  

Averaged  rad iance  <  AEL 

2)  Comparison  of the  pu lse  energy and  AEL  of s ing le  pu lse  mu l tip l ied  by C5  

Calcu late  for the  total  rad iance  dose  of one  cycle.  

I n  the  case  of mu l tip le  peaks,  the  maximum  peak value  i s  selected  for the  calcu lation  
of Lpeak:  

D =  LAverage  1 /1 80  =  (8 , 49  ×  1 0
5)  /  1 80  =  4 , 72  ×  1 03  J ∙m -2 ∙ sr-1 ;  

Lpeak  =  LAverage  1 00/50  =  1 , 70  ×  1 0
6  W∙m -2 ∙ sr-1 .  

•  The  calcu lation  of AEL 

The  pu lse  du ration  i s  

tp  =  D/Lpeak  =  (4 , 72  ×  1 0
3)  /  (1 , 70  ×  1 06)  =2 .78  ×  1 0 -3  s  .  

Copyright International  Electrotechnical  Commission  



 –  46  – I EC  62471 -5: 201 5  © I EC 201 5  

From  Table  6  and  Table  7 ,  the  maximum  angu lar subtense  αmax  i s  

αmax  =  0 , 2  t
0, 5  rad  =  0 , 2  ×  (2 , 78×1 0 -3)0, 5  = 1 0 ,5  ×  1 0 -3  rad  .  

Therefore,  αmax  <  α  ≥  αmax  i s  se lected  for the  calcu lation  of AEL.  

•  The  calcu lation  of C5  

N  ( the  number of pu lses  that occurs  wi th in  the  time  base)  i s  

N  =  1 80  ×  0 , 25  =  45  .  

For αmax  <  α  <  1 00  mrad ,  for N  ≤  625,  

C5  =  N
-0 , 25  =  0 , 39  .  

The  emission  l im i t  of retinal  thermal  hazard  (AEL)  i s  obtained  from  Table  5 .  

AEL  =  2 , 0  ×  1 04  ×  (2 , 78  ×  1 0 -3) -0 , 25  ×  0 , 39  ×  ( 1 0 , 5  ×  1 0 -3) -1  =  3 , 2  ×  1 06  W∙m -2 ∙ sr-1  .  

Peak rad iance  (Lpeak)  i s  l ess  than  AEL  of mu l tip le  pu lse  emissions.  

•  Blue-l i gh t hazard  

The  emission  l im i t  of b lue-l i gh t hazard  LB  i s  obtained  from  Table  3 .  

LB  for RG2  =  4  000  000;  

LB  for RG1  =  1 0  000;  

LAverage  i s  smal ler than  LB  for RG2,  l arger than  L
B
 for RG1 .  

Therefore  the  projector i s  cl assi fied  as  RG2  i f other hazard  e lements  do  not exceed  each  
emission  l im i t  for RG2.  
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Annex C  
( informative)  

 
Example  of intra-beam  of projector sources wi th  mi l l imetre  scale  

See  F igure  C. 1 .  

   

Tungsten  projector l amp D ig i tal  MEMS  device   LCD  projector source  

Figure  C.1  – Examples  of intra-beam  images  of projector sources  with  mi l l imetre  scale  
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Annex D  
( informative)  

 
Measurement d istance 

The  reference  d istance  of 1 , 0  m  for the  determination  of image  projector risk group  i s  based  
upon  a  number of considerations.  The  worst-case  defau l t  cond i tion  of 20  cm  provided  in  
I EC  62471 : 2006  was  provided  for appl ications  and  use  cond i tions  tota l l y unknown ;  however,  
the  use  cond i tions,  operation  and  poten tia l  exposure  cond i tions  of an  image  projector are  very 
wel l  known  and  understood .  

The  apparent source  i s  wel l  wi th in  the  projection  optics  and  can  vary i n  exact posi tion  relative  
to  the  closest p lane  of human  access,  the  external  surface  of the  projection  l ens  system.  
Furthermore,  the  apparen t source  and  beam  i rrad iance  wi l l  vary l i ttle  i n  the  immed iate  near-
fie ld  of the  projection  optics  i n  fron t of the  l ens.  S ince  the  measurement d istance  from  the  
external  surface  of the  lens  system  i s  straightforward  to  measure,  there  wi l l  be  no  variation  
from  measurement to  measurement.  I n  the  immed iate  near fie ld  i n  fron t of the  projection  
optics,  the  i rrad iance  can  be  substantia l ,  bu t the  eye  cannot focus  on  a  brigh t source.   

H igh -power xenon-short-arc cinema  projectors  have  been  i n  use  for more  than  50  years,  and  
there  has  never been  a  reported  publ i c retinal  i n ju ry,  despi te  the  fact that the  beams of these  
projectors  exceed  current exposure  l im i ts  to  d istances  on  the  order of 1  m .  An  analysis  of 
acciden tal  viewing  cond i tions  shows  that d i rect viewing  of the  projector’s  brigh t l i gh t beam  is  
not reasonably foreseeable  at such  close  d istances.  Un in tentional  viewing  i s  certa in ly not on-
axis  nor does  i t  occur wi th  a  l arge,  7-mm  pupi l .  Pupi l  s ize  greatly affects  the  amount of l i gh t  
en tering  the  eye.   

B l ue-l igh t photochemical  hazard ,  from  staring  in to  the  projector for a  l ong  enough  duration  to  
pose  a  b l ue-l igh t hazard ,  i s  not reasonably foreseeable  because  of the  aversion  response  
l im i t  exposure  of 0 , 25  s .  

The  poten tia l  hazard  of concern  for very brigh t projectors  i s  the  poten tia l  ri sk for retinal  
thermal  i n ju ry from  viewing  the  projector source  at very close  d istances.  The  curren t exposure  
l im i ts  for reti nal  thermal  i n j ury are  created  under the  assumption  of a  7-mm  dark-adapted  
pupi l ;  however,  a  smal ler pupi l  wi l l  exist for reasonably foreseeable,  d i rect-beam  viewing  
cond i tions.  Un in ten tional  viewing  wou ld  rarely,  i f ever,  i nvolve  the  macu lar (central  retinal )  
area,  bu t,  rather,  the  peripheral  retina,  wh ich  fu rther reduces  the  pupi l  s ize  before  d i rect 
macu lar exposure.  Data  projectors  are  normal ly used  i n  a  room  wi th  ambien t i l l umination ,  and  
reflected  l i gh t from  the  screen  adds  to  the  ambient l i gh t l evel .  A more  real i stic pupi l  s ize  of 
abou t 3  mm  i s  typical  of these  setti ngs.  Smal ler pupi l  s izes  are  a lso  requ i red  for good  acu i ty 
( i . e .  vis ion  i s  very poor and  acu i ty low for a  6-mm  to  7-mm pupi l ) .  A smal ler pupi l  a lso  resu l ts  
from  viewing  the  g lare  from  the  projector lens  from  ou tside  the  beam,  and  as  a  person  
approaches  the  beam.   

For typical  h i gh  l uminance  projectors,  the  apparen t source  ( the  exi t  pupi l )  i s  at l east 1 5  cm  to  
20  cm  beh ind  the  fron t l ens  surface  and  the  near-fie ld  (col l imated)  part of the  beam  i s  
con tained  wi th in  the  projector lens  or a  few cen timetres  in  fron t of i t.  Assuming  a  typical  
d iameter of the  exi t  pupi l  of 1 8  mm  and  the  exi t  pupi l  being  1 5  cm  beh ind  the  fron t l ens  
su rface,  the  angu lar subtense  of the  apparen t source  at 1  m  from  the  l ens  equals  
1 8  mm/(1 50  mm  +  1  000  mm)  =  0 , 01 6  rad .  Considering  that i n  the  far-fiel d  cond i tion ,  rad iance  
i s  constant wi th  d istance  and  the  exposure  l im i t  scales  wi th  the  i nverse  ratio  of the  angu lar 
subtense  of the  apparen t source,  the  ratio  of exposure  (constan t rad iance)  and  exposure  l im i t 
i ncreases  l i nearly wi th  d istance  relative  to  the  exi t  pupi l .  On  the  other hand ,  the  exposure  l im i t 
expressed  as  rad iance,  for a  g i ven  pupi l  s ize,  can  be  scaled  wi th  the  square  of the  ratio  of the  
pupi l  d iameter to  7  mm  (see  a lso  [1 ] ) .  For i nstance,  a  pupi l  wi th  a  d iameter of 3 , 5  mm  wou ld  
resu l t  i n  an  i ncrease  of the  exposure  l im i t  by a  factor of 4 .  From  these  dependencies  i t  fo l lows  
that a  reference  d istance  of 1  m  for the  determination  of the  ri sk g roup,  where  the  emission  
l im i t i s  based  on  the  assumption  of a  7  mm  pupi l  i s  equ ivalen t to  a  reference  d istance  of 
20  cm  from  the  l ens  for the  assumption  of a  pupi l  d iameter of 3 , 8  mm,  when  the  exi t pupi l  i s  
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1 5  cm  beh ind  the  l ens  su rface.  I n  other words,  i f the  exposure  l evel  at 1  m  d istance  i s  j ust 
below the  exposure  l im i t  for 0 , 25  s  exposure  duration  for a  7  mm  pupi l ,  i t  wi l l  a l so  be  below 
the  exposure  l im i t for exposure  at a  d istance  of 20  cm  when  the  pupi l  d iameter i s  3 , 8  mm  or 
l ess.  Thus,  for a  pupi l  d iameter of 3 , 8  mm,  the  classi fication  reference  d istance  of 1  m  i s  
equ ivalen t to  the  conservative  reference  d istance  of 20  cm.  Add i tional ly,  for a  complete  risk 
analysis,  the  safety marg in  of the  exposure  l im i ts  compared  to  i n ju ry th resholds,  parti cu larly 
for l arge  apparen t sources,  was  taken  i n to  consideration .  Thus  the  choice  of a  1  m  
measurement/assessment d istance  for a l l  projectors  can  be  considered  as  a  conservative  
value  based  upon  detai led  analysis  of pupi l  s ize  and  constriction  for un in ten tional  viewing ,  
projection  optical  design  and  macu lar exposure.  
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Annex E  
( informative)  

 
Hazard  distance as  a  function  of modifying  optics  

Th is  part of I EC  62471  requ i res  i n  6 . 2  that the  manufacturer provides  HD  in formation  i f the  
product's  HD  exceeds  1  m  due  to  the  possible  use  of mod i fying  optics.  Th is  i s  to  assist the  
end  user i n  estimating  the  HD  of thei r image  projectors.  

The  g iven  example  i s  derived  from  a  theoretical  system  wi th  the  fol l owing  characteristics:  

•  Lumen  ou tpu t:  1 0  000  l umens  ( l uminous  efficiency 251  lm/W)  

•  Imager ch ip:  25,4  mm  in  d iagonal   

•  F  number:  2 , 5  

•  Lens:  variable  throw SXGA resolu tion ,  1 30  mm  ou ter d iameter,  20  %  off axis  
capabi l i ties  

•  Hazard  d istance:  based  on  28  000/α  W∙m -2 ∙ sr-1  

F i gure  E . 1  d i splays  the  rad iance  of a  1 0  000  lm  projector and  i ts  re lated  HD  determined  from  
the  nearest poin t of human  access.  At the  poin t where  the  AEL crosses  the  rad iance  of the  
system,  the  hazard  d istance  approaches  1  m .  Th is  i s  at  a  throw ratio  of 4 , 0 .  

 

Figure  E.1  – Hazard  d istance  as  a  function  of modifying  optics  (example)  

  

IEC 

Copyright International  Electrotechnical  Commission  



I EC  62471 -5: 201 5  © I EC 201 5  – 51  – 

Bibl iography 

[1 ]  I CN IRP Gu idel ines  on  l im i ts  of exposure  to  i ncoheren t vis ib le  and  i n frared  rad iation ,  
Heal th  Physics  1 05(1 ): 74-91 ;  201 3  

[2 ]  I EC  60050-845,  International Electrotechnical Vocabulary – Chapter 845: Lighting  

[3 ]  I EC  TR 60825-1 4,  Safety of laser products – Part 14: A  user's guide  

[4 ]  I EC  6041 7,  Graphical symbols for use on  equipment (avai l able  at:  
h ttp: //www.graph ical -symbols. in fo/equ ipment)  

 

_____________ 

Copyright International  Electrotechnical  Commission  

http://www.graphical-symbols.info/equipment


 

 

Copyright International  Electrotechnical  Commission  



Copyright International  Electrotechnical  Commission  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION 

 

3,  rue de Varembé 

PO Box 1 31  

CH-1 21 1  Geneva 20 

Switzerland  

 

Tel:  +  41  22 91 9 02 1 1  

Fax:  +  41  22 91 9 03 00 

info@iec.ch  

www. iec.ch  

Copyright International  Electrotechnical  Commission  


