
 

 

 

 

 

TECHNICAL 
REPORT 
 

Guide for the Lighting  of Sports 
Events for Colour Television  and  Fi lm  
Systems,  3rd  Edition  

 

CIE 083:201 9 
UDC:  28.971 .7  Descriptor:  L igh ting  of publ ic  squares.  L igh ting  of sports   
   g rounds,  stad iums  etc.  
 28.971 .7 :725.826  Ligh ting  of stad iums  

 ISBN 978-3-902842-20-6 

DOI:  1 0.25039/TR.083.201 9 

Full document details: CIE 083-2019

http://www.avadocuments.com/doc/cie-083-2019
http://www.avadocuments.com/doc/cie-083-2019


THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternational  Commission  on  I l l um inati on  (CI E)  i s  an  organ izati on  devoted  to  i n ternationa l  co-operati on  and  exchange  
of i n formation  among  i ts  member coun tri es  on  a l l  matters  re l ati ng  to  the  art  and  sci ence  of l i gh ti ng .   I ts  membersh ip  consi st s  
of the  National  Commi ttees  i n  abou t 40  coun tri es .  

The  ob jecti ves  of the  CI E  are :  
1 .  To  provide  an  i n ternat ional  forum  for the  d i scuss ion  of a l l  matters  re l a ti ng  to  the  science,  technology and  art  i n  the  

fi e l ds  of l i gh t  and  l i gh ti ng  and  for the  i n terchange  of i n formation  i n  these  fi e l ds  between  coun tri es .  
2 .  To  deve lop  basic  standards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provi de  gu i dance  i n  the  app l i cati on  of pri ncip l es  and  procedures  i n  the  devel opmen t  of i n ternational  and  nati onal  

s tandards  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
4 .  To  prepare  and  publ i sh  standards,  reports  and  other publ i cati ons  concerned  wi th  a l l  matters  re l a ti ng  to  the  science,  

techno logy and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
5 .  To  main ta i n  l i a i son  and  techn ica l  i n teracti on  wi th  other i n ternationa l  organ izati ons  concerned  wi th  matters  re l a ted  to  

the  science,  technol ogy,  s tandard i zati on  and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  

The  work of the  CI E  i s  carri ed  ou t  by Techn i ca l  Commi ttees,  organ ized  i n  s i x  D i vi s ions.   Th i s  work covers  sub jects  rang ing  
from  fundamenta l  matters  to  a l l  types  of l i g h ti ng  appl i cati ons.   Th e  s tandards  and  techn ica l  reports  deve loped  by these  
i n ternationa l  D i vi s i ons  of the  CI E  are  accepted  th roughou t  the  worl d .  
A p l enary session  i s  h e l d  every fou r years  at  wh ich  the  work of the  D i vi s i ons  and  Techn ical  Commi ttees  i s  reported  and  
revi ewed ,  and  p l ans  are  made  for the  fu tu re.   The  CI E  i s  recogn ized  as  the  au thori ty on  a l l  aspects  of l i gh t  and  l i gh ti ng .   As  
such  i t  occup ies  an  importan t  pos i ti on  among  i n ternationa l  organ i zati ons.  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Commission  I n ternationa le  de  l 'Ecla i rage  (CIE)  est  u ne  organ i sati on  qu i  se  donne  pou r bu t  l a  coopérati on  i n ternationa le  
e t  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  questi ons  re l ati ves  à  l 'art  e t  à  l a  science  de  l 'écl a i rage.   
E l l e  est  composée  de  Com i tés  N ationaux représen tan t  envi ron  40  pays.  

Les  ob jecti fs  de  l a  CI E  son t  :  
1 .  De  consti tuer un  cen tre  d 'é tude  i n ternationa l  pou r tou te  mati ère  re l evan t  de  l a  science,  de  l a  technolog ie  e t  de  l 'art  

de  l a  l um ière  et  de  l 'écl a i rage  et  pou r l 'échange  en tre  pays  d ' i n formations  d ans  ces  domaines.  
2 .  D 'é laborer des  normes  et  d es  méthodes  de  base  pou r l a  métro log i e  dans  l es  d oma ines  de  l a  l um ière  et  de  l 'écl a i rage.  
3 .  De  donner des  d i recti ves  pou r l 'app l i cati on  des  pri ncipes  et  des  méthodes  d 'é l aboration  de  normes  i n ternat iona les  et  

na ti onales  dans  l es  d omaines  de  l a  l um ière  e t  d e  l ' écl a i rage.  
4 .  De  préparer et  publ i er des  normes,  rapports  et  au tres  textes ,  concernan t tou tes  matières  re l ati ves  à  l a  science,  l a  

techno log ie  e t  l 'art  d ans  l es  domaines  de  l a  l um ière  e t  d e  l 'écl a i rage.  
5 .  De  main ten i r u ne  l i a i son  et  u ne  co l l aborati on  techn ique  avec  l es  au tres  organ i sati ons  i n ternati ona les  concernées  par 

des  su jets  re l ati fs  à  l a  science,  l a  technolog i e ,  l a  normal i sati on  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'écl a i rage.  

Les  travaux de  l a  CI E  son t  effectués  par Comi tés  Techn iques,  organ i sés  en  s i x  D i vi s i ons.   Les  su jets  d 'é tudes  s 'étenden t  
des  questi ons  fondamenta les,  à  tous  l es  types  d 'app l i cati ons  de  l 'écl a i rage.   Les  normes  et  l es  rapports  techn iques  é l aborés  
par ces  D i vi s i ons  I n ternationales  de  l a  CI E  son t  reconnus  dans  l e  monde  en ti er.  
Tous  l es  quatre  ans,  u ne  Session  p l én i ère  passe  en  revue  l e  trava i l  d es  D i vi s i ons  et  d es  Com i tés  Techn iques,  en  fa i t  rapport  
e t  é tab l i t  l es  proj ets  de  travaux pou r l 'aven i r.   La  CI E  est reconnu e  comme  l a  p l us  hau te  au tori té  en  ce  qu i  concerne  tous  
l es  aspects  de  l a  l um ière  et  de  l 'écl a i rage.   E l l e  occupe  comme  te l l e  une  posi ti on  importan te  parmi  l es  organ i sati ons  
i n ternationa les.  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  

Die Internationale Beleuchtungskommission  (CIE) ist eine Organisation,  d ie sich  der internationalen  Zusammenarbeit und dem Austausch 
von  Informationen zwischen  ihren  Mitgl iedsländern  bezüglich  der Kunst und  Wissenschaft der Lichttechnik widmet.   Die Mitgl ied schaft 
besteht aus den  Nationalen  Komitees in  rund  40 Ländern.  

D i e  Zi e l e  der CI E  s i nd :  
1 .  E i n  i n ternationales  Forum  fü r D i skussionen  a l l er Fragen  au f dem  Gebiet  der Wi ssenschaft,  Techn ik  und  Kunst  der 

L ich ttechn ik  und  fü r den  I n formationsaustausch  au f d i esen  Geb ieten  zwi schen  den  e i nzel nen  Ländern  zu  se i n .  
2 .  G rundnormen  und  Verfahren  der Messtechn ik au f dem  Gebiet  der L i ch ttechn ik zu  en twicke ln .  
3 .  Ri ch tl i n i en  fü r d ie  Anwendung  von  Pri nzip ien  u nd  Vorgängen  i n  der En twickl ung  i n ternationa ler und  nati onaler Normen  

au f d em  Gebi et  der L i ch ttechn ik zu  erste l l en .  
4 .  N ormen ,  Beri ch te  und  andere  Pub l i kati onen  zu  erste l l en  und  zu  veröffen tl i chen ,  d i e  a l l e  Fragen  au f dem  Gebiet  d er 

Wissenschaft,  Techn ik  und  Kunst  der L i ch ttechn ik betreffen .  
5 .  L i a i son  und  techn i sche  Zusammenarbei t  m i t  anderen  i n ternationalen  Organ i sati onen  zu  un terha l ten ,  d i e  m i t  Fragen  

der Wissenschaft,  Techn ik,  Normung  und  Kunst  au f dem  Gebiet  der L i ch ttechn ik zu  tun  h aben .  

Die Arbeit der CIE wird  durch Technische Komitees geleistet,  d ie in  sechs Divisionen organisiert sind.   Diese Arbeit betrifft Gebiete mit 
grundlegendem Inhalt bis zu  al len Arten  der Lichtanwendung.   Die Normen und Technischen Berichte,  d ie von  diesen internationa l  
zusammengesetzten  Divisionen ausgearbeitet werden,  sind  auf der ganzen Welt anerkannt.  
Al le vier Jahre findet eine Session  statt,  in  der die Arbeiten der Divisionen berichtet und überprüft werden,  sowie neue Pläne für d ie Zukunft 
ausgearbeitet werden.   Die CIE wird  als höchste Autorität für al le Aspekte des Lichtes und  der Beleuchtung angesehen.   Auf diese Weise 
unterhält sie eine bedeutende Stel lung  unter den  internationalen  Organisationen.  
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Th is  Techn ical  Report has  been  prepared  by Techn ical  Commi ttee  (TC)  4 -55  of CIE  D ivis ion  4  
"Transportation  and  Exterior Appl ications "  (formerly TC  5-26  of Divis ion  5  "Exterior Lighting  and  
Other Appl ications ”)  and  has  been  approved  by the  Board  of Admin istration  and  by D ivis ion  4  
of the  Commission  I n ternationale  de  l 'Eclai rage .  The  document reports  on  current knowledge  
and  experience  wi th in  the  speci fic fie ld  of l i gh t and  l i gh ti ng  described ,  and  i s  i n tended  to  be  
used  by a l l  wi th  an  i n terest i n  excel lence  i n  l i gh t and  l i gh ting .  The  i n formation  provided  here  i s  
advisory,  and  not mandatory.  

Ce  rapport techn ique  a  été  élaboré  par l e  Comi té  Techn ique  (TC)  4-55  de  la  CIE  D ivis ion  4  
"Transport  et au tres  appl ications"  (au trefois  TC  5-26  de  l a  D ivis ion  5  "Eclai rage  extérieur et 
au tres  appl ications")  et a  été  approuvé  par le  Bureau  et D ivis ion  4  de  la  Commission  
I n ternationale  de  l 'Eclai rage .  Le  document expose  les  connaissances  et l 'expérience  actuel l es  
dans  le  domaine  particu l i er de  la  l umière  et de  l 'écla i rage  décri t  i ci .  I l  est destiné  à  être  u ti l i sé  
par tous  ceux qu i  s ' i n téressent à  l 'excel lence  de  l a  l um ière  et de  l 'éclai rage .  Les  i n formations  
fourn ies  i ci  son t données  à  ti tre  i nd icati f et non  obl igatoi re .  

D ieser Techn ische  Berich t i st  vom  Techn ischen  Komi tee  (TC)  4-55  der CIE  D ivis ion  4  
"Transport-  und  Außenanwendungen"  (ehemals  TC  5-26  der Divis ion  5  "Außenbeleuchtung  und  
andere  Lich tanwendungen" )  ausgearbei tet und  vom  Vorstand  sowie  D ivis ion  4  der Commission  
I n ternationale  de  l 'Ecla i rage  gebi l l i g t worden .  Das  Dokument berich tet über den  derzei tigen  
Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet von  Lich t und  Beleuchtung .  Es  
i st zur Verwendung  du rch  a l le  an  L ich t-  und  Beleuchtungsqual i tät  I n teressierte  bestimmt.  D ie  
i n  d iesem  Dokument gegebenen  I n formationen  s ind  eine  Empfeh lung  und  keine  Vorschri ft.  

Any mention  of organ izations  or products  does  not imply endorsement by the  CIE.  Wh i lst  every 
care  has  been  taken  i n  the  compi lation  of any l i sts,  up  to  the  time  of going  to  press,  these  may 
not be  comprehensive.   

Tou te  mention  d 'organ isme  ou  de  produ i t  n ' impl ique  pas  une  préférence  de  l a  CIE.  Malgré  l e  
soin  apporté  à  l a  compi lation  de  tous  les  documents  j usqu 'à  l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeutet keine  B i l l i gung  durch  d ie  CIE.  
Obg leich  g roße  Sorgfal t  bei  der Erstel lung  von  Verzeichn issen  b is  zum  Zei tpunkt der  
Drucklegung  angewendet wurde,  besteh t d ie  Mög l ichkei t,  dass  d iese  n ich t vol l ständ ig  s ind .   
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GUIDE FOR THE  LIGHTING  OF  SPORTS EVENTS FOR COLOUR TELEVISION  
AND FILM  SYSTEMS,  3RD  EDITION  

Summary 

Th is  document i s  an  extended  and  revised  ed i tion  of Publ ication  CIE  83 -1 989  Guide for the 
lighting of sport events for colour television and film systems ,  2nd  edition .  I t  replaces  CIE  83-
1 989.  

The  document summarizes  te levision  and  fi lm  techn iques  wi th  regard  to  thei r i n fl uencing  and  
determin ing  the  l i gh ti ng  needs.  

Detai led  quan ti tative  gu idance  i s  provided  on  the  qual i ty aspects  to  be  fu l fi l l ed  for colour 
te levis ion  and  colour fi lm  includ ing  vertical  i l l um inance,  un i formi ty of horizon tal  i l l um inance,  
fl i cker,  colour temperature  and  colour rendering  of the  l i gh ting  together wi th  l i gh ting  
requ i rements  on  the  su rround ing  spectator areas.  Reference  i s  made  to  HDTV broadcasting  
techn iques.  

 

GUIDE POUR L'ECLAIRAGE DES MANIFESTATIONS SPORTIVES  POUR LES  
PRISES DE  VUE EN  COULEURS POUR LA TELEVISION  ET LE  CINEMA,  
3EME  EDITION  

Résumé 

Ce document est une  éd i tion  étendue  et révisée  de  la  publ i cation  CIE  83 -1 989  Guide pour 
l'éclairage des manifestations sportives pour les prises de vue en couleurs pour la  télévision et 
le  cinéma,  2ème  édition ,  qu ’ i l  remplace.  

Le  document fa i t l e  b i lan  des  techn iques  té lévisuel les  et  cinématograph iques  dans  la  mesure  
ou  e l l es  exercent une  in fl uence  déterminante  sur l es  besoins  en  écla i rage.  

Des  recommandations  quanti tatives  détai l lées  son t données  su r l es  cri tères  de  qual i té  à  rempl i r 
pour la  té lévision  et l es  fi lms  cou leur,  notamment l 'écla i rement vertical ,  l 'un i formi té  de  
l 'éclai rement horizon tal ,  l e  fl i cker,  l a  température  de  cou leur et l e  rendu  des  cou leurs  de  
l 'éclai rage,  a insi  que  l es  exigences  d 'éclai rage  dans  les  tribunes  en tourant l e  terrain .  I l  est  fa i t 
référence  aux techn iques  de  d i ffusion  HDTV.  

 

LEITFADEN  FÜR DIE  BELEUCHTUNG VON  SPORTEREIGNISSEN  FÜR 
FARBFERNSEHEN- UND FARBFILMSYSTEME,  3.  AUSGABE 

Zusammenfassung  

Dieses  Dokument i st  e ine  erwei terte  und  überarbei tete  Ausgabe  der Publ ikation  CIE  83 -1 989  
Leitfaden für die  Beleuchtung von Sportereignissen für Farbfernsehen - und Farbfilmsysteme,  
2.  Ausgabe .  Er ersetzt CIE  83-1 989.  

Das  Dokument fasst Fernseh-  und  F i lmtechn iken  h insich tl ich  i hrer Beein flussung  und  
Festlegung  des  Beleuchtungsbedarfs  zusammen.  

E ine  detai l l ierte  zah lenmäßige  Orien tierung  zu  den  bei  Farbfernsehen  und  Farbfi lm  zu  
erfü l lenden  Qual i tätsaspekten ,  i nklusive  vertikale  Beleuchtungsstärke,  G le ichmäßigkei t  der 
horizon talen  Beleuchtungsstärke,  F l immern ,  Farbtemperatur und  Farbwiedergabe  der 
Beleuchtung ,  im  Zusammenhang  m i t  Beleuchtungsanforderungen  an  d ie  umgebenden  
Zuschauerbereiche.  Au f HDTV-Übertragungstechn iken  wi rd  Bezug  genommen.   
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1  Overview 

1 .1  In troduction   

The  e lectron ic te levision  camera  and  associated  video  record ing  i s  now the  principal  med ium  
of the  cameraman .  The  use  of fi lm  i s  confined  main ly to  special i zed  record ing ,  perhaps  of 
speci fic events,  for ed i ting  i n to  feature  fi lms  and  using  h igh -speed  fi lm  cameras  to  study various  
activi ties.  Th is  report therefore  concentrates  on  the  l i gh ting  requ i rements  for te levis ion ,  bu t 
i nd icates  where  these  requ i rements  wi l l  d i ffer for fi lm  record ings.  

When  considering  the  televising  of sports  even ts  the  visual  task pa thway i s  fundamental l y the  
sequence  of stages  th rough  wh ich  the  sporting  scene  i s  transmi tted  to ,  and  perceived  by,  the  
te levis ion  viewer,  shown  i n  F igure  1 .   

The  scene  to  be  transmi tted  i s  focused  by l enses  on  the  image  sensors  l ocated  wi th in  the  
te levis ion  camera.  Th is  produces  the  p icture  s ignal ;  synchron ization  and  b lanking  pu lses  are  
then  added  so  as  to  develop  the  complete  composi te  video  wave  form.  Th is  composi te  video 
s ignal  together wi th  the  aud io  s ignal  are  then  imposed  on to  a  carrier wave  and  transmi tted  
through  the  atmosphere  or via  a  cable  network.  After detection  by a  receiving  an tenna  (or cable  
i npu t)  at the  viewer’s  te levis ion  receiver,  the  si gnals  are  demodu lated  b ack to  thei r  orig inal  
frequencies  and  fed  to  the  receiver’s  d isplay mon i tor and  speaker(s) .  The  eye  views  and  
i n terprets  the  image  produced  on  the  te levis ion  receiver.   

The  eye  captures  l i gh t continuously on  the  retina  whereas  a  standard  camera  must capture  at 
the  rate  of typical l y 25  images  per second  i n  order to  create  the  appearance  of continuous  
motion  wi th in  a  scene.  Th is  i l l usion  beg ins  to  take  effect at  abou t 1 6  frames  per second .  
Television  cameras  are  less  sensi tive  to  l i gh t than  the  eye  and  as  a  consequence  sports  l i gh ting  
systems wi th  broadcast provision  are  designed  primari l y to  meet the  needs  of video cameras.  

H igh  defin i tion  television  (HDTV)  i s  a  form  of d i g i ta l  te levision  that uses  an  aspect ratio  of 1 6:9  
compared  wi th  the  orig inal  4 : 3  aspect  ratio  that had  previously prevai l ed .  As  a  consequence  of 
‘ stretch ing ’  the  screen  a  wider fie ld  of view becomes  avai l able  to  the  eye.  Th is  i s  particu larly 
advantageous  when  viewing  sports  events  and  movies.  I n  add i tion ,  the  g reatly i ncreased  screen  
resolu tion  i s  an  added  advantage.  The  resolu tion  i s  i n fl uenced  by the  number of pixels  –  the  
g reater the  number of p ixels  the  h igher the  screen  resolu tion .  Earl ier te levis ions  had  
approximately 300  000  pixels,  whereas  HD  te levisions  offer typical l y more  than  one  mi l l ion  
p ixels.  HDTV also  enables  far g reater depth  of con trast and  colour vibrancy than  standard  
defin i tion  te levis ion  (SDTV),  producing  a  s ign i fican tly improved  viewing  experience.  4K has  
become the  common  name for u l tra-h igh-defin i tion  te levision  (UHDTV).  I t  has  a  horizontal  
resolu tion  of approximately 4  000  pixels  (hence  4K).  

Sporting scene 

  

TV camera 

  

Transmission signal  and processing 

  

TV receiver 

  

Image displayed on TV screen 

  

Eye 

  

Perception of original  sporting scene 

Figure 1  –  The visual  task pathway 
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1 .2 The  sporting  scene  

Sporting  activi ties  can  be  subd ivided  in to  ou tdoor and  i ndoor sports.  I n  both  cases  i t  i s  essen tia l  
that the  p ictures  captured  by the  array of cameras  l ocated  around  the  p laying  area  wi l l  detect,  
wi th  su i table  resolu tion ,  detai l s  of the  participants  i n  the  sport together wi th  any associated  
p laying  equ ipment –  ba l l ,  j avel in  for example ,  wh ich  may vary i n  s ize.  The  speed  of action  i s  
a l so  an  importan t factor when  considering  the  te levis ion  requ i rements  for broadcasting .  A faster 
moving  projecti le ,  examples  o f wh ich  include  footbal ls ,  gol f bal l s ,  etc. ,  wi l l  requ i re  more  l i gh t to  
be  able  to  see  both  the  object and  i ts  tra jectory compared  wi th  s lower moving  i tems.  S im i larl y,  
the  s ize  of the  projecti le  wi l l  be  an  importan t factor when  decid ing  on  l i gh ting  requ i rements  
s ince  a  smal ler object i s  clearly more  d i fficu l t  to  see  under the  same  l i gh ting  cond i tions.  Con trast 
of the  projecti l e  against the  background  i s  a lso  importan t.  

Add i tional  i n formation  that needs  to  be  factored  in to  calcu lations  at the  p lann ing  stage  of 
ou tdoor even ts  i s  the  l i kel ihood  of the  action  taking  p lace:  

  d uring  the  hours  of darkness;  

  s tarting  i n  dayl igh t and  then  includ ing  the  transi tion  between  dayl igh t and  darkness.   

When  the  sporting  action  moves  qu ickly a long  the  d i rection  of view,  the  cam era  l ens  system  
must have  a  su fficien tly l arge  depth  of fi e ld  –  the  term  used  to  i nd icate  the  range  of d i stance  
over wh ich  objects  stay i n  focus.  Th is  subsequently p laces  a  requ i rement for a  smal l  l ens  
aperture  and  proportionately h igher l i gh t l evels  i n  order to  provide  su i table  balance.   

The  apparent s ize  of an  object i s  i n fl uenced  by the  d istance  between  the  object and  the  camera  
–  referred  to  as  the  ‘p ick-up  d istance’ .  When  a  telephoto  –  or zoom  l ens  –  i s  used  to  i ncrease  
the  apparen t s ize  of an  object or parti cipan t,  there  i s  a  correspond ing  requ i rement for g reater 
l i gh ting  l evels  s ince  the  g reater the  focal  l eng th  of the  zoom  l ens  the  smal ler the  avai lable  
aperture.   

The  speed  of a  sporting  scene  bein g  te levised  i s  dependent upon  the  movement of projecti les  
and  participants  wi th in  the  scene,  and  a lso  by the  re lative  movements  of the  camera(s) ,  e . g .  
pann ing  (s ide-to-side),  ti l t  (up  and /or down),  zooming  i n  and  ou t,  or rotating .  Televis ion  
producers  and  d i rectors  strive  to  enhance  thei r coverage  of sporting  scenes  wi th  new and  novel  
viewing  ang les  wi th  the  u l timate  a im  of bring ing  te levis ion  viewers  the  i l l us ion  of actual l y being  
present at the  event i n  person .  The  televis ion  production  style  s ign i fican tl y d ictates  the  l i gh ting  
requ i rements.  To  capture  the  image  as  i n tended  by the  producer,  there  i s  an  i ncreasing  
emphasis  on  the  i ncorporation  of imag inative  and  conceptual ly creative  l i gh ting  techn iques.  

1 .3 The  television  camera  

The  characteristics  of cameras  are  essentia l  when  considering  the  broadcasting  of sports  
even ts.  State-of-the-art camera  technology a l lows  viewers  to  experience  a  mu l ti tude  of d i fferent 
aspects  of sports  even ts.  Viewers  of sports  broadcasts  have  the  opportun i ty to  see  the  game 
from  many ang les  around  the  stad ium,  arena  or p laying  area  and ,  i n  add i tion ,  from  the  player's  
poin t-of-view.  H istorical l y ded icated  types  of cameras  have  been  developed  wi th  the  i n ten tion  
of provid ing  the  best possib le  coverage  of particu lar sports  even ts.  For example,  robotic 
cameras,  typical l y au tomatic or remotely control l ed ,  are  used  to  be  able  to  broadcast many l i ve  
sports  even ts  seen  from  many d i fferen t ang les.   

Cameras  incorporating  sol id  state  CCD (charge-coupled  device)  imagers  were  in troduced  i n  the  
m id -1 980s.  They became an  a lmost i nstant success  primari l y because  when  compared  wi th  
cameras  that rel ied  on  cathode  ray tubes :   

  they had  greater stabi l i ty;  

  they were  l ess  l i ke ly to  d ri ft;  

  they d idn ' t  requ i re  a  warm-up  or cal ibration  time  prior to  use;   

  they were  not prone  to  image  burn -in  or l ag  caused  by very brigh t l i gh t sources  in  the  frame.   
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Professional  video  cameras  typical l y i ncorporate  an  optical  prism  b lock d i rectly be h ind  the  lens.  
Th is  prism  block,  i s  a  trichroic assembly,  typical l y consisting  of two  d ichroic prisms  –  that 
separates  the  image  captured  i n to  the  three  RGB (red ,  g reen ,  and  b lue)  primary colours.  The  
trichroic assembly d i rects  each  colour i n to  a  separate  charge-coupled  device  (CCD)  or acti ve  
p ixel  sensor (complementary metal  oxide  semiconductor or CMOS image  sensor)  wh ich  i s  
mounted  to  the  face  of each  prism.  An  active-pixel  sensor (APS)  i s  an  image  sensor that 
consists  of an  i n tegrated  ci rcu i t  that i nclud es  an  array of p ixel  sensors.  Each  pixel  typical l y 
con tains  a  photo  detector and  an  active  ampl i fier.   

The  comparatively weak s ignal  created  by the  sensors  i s  subsequently ampl i fied  before  being  
encoded  in to  analogue  signals  for use  by the  viewfinder and  m on i tor ou tpu ts.  I t  i s  a lso  encoded  
i n to  d ig i tal  s ignals  for onward  transmission .   

E lectron ic F ield  Production  (EFP)  cameras  are  versati l e  and  can  be  shou lder -mounted  wh ich  
makes  them  ideal  for use  by the  ‘mobi le ’  cameraman  posi tioned  on  the  s ide  of the  pla ying  area.  
They typical ly have  long  focal  l eng th  zoom  lenses ,  bu t do  not have  an  in trinsic record ing  faci l i ty 
usual l y transmi tting  thei r s ignals  back to  the  broadcast truck.  Remote  cameras  are  typical l y 
very smal l  camera  heads  designed  to  be  operated  by remote  control  and  are  find ing  increasing  
uses  i n  the  te levis ing  of sport.   

Super-slow-motion  (Super-Slo-Mo;  SSM)  cameras  operate  at a  frame  rate  of 75  frames  per 
second  compared  wi th  25  frames  per second  for standard  Phase  Al ternating  Line  (PAL)  
cameras.  As  a  resu l t,  the  sensi tivi ty of the  SSM  camera  i s  l ower by 2  f-stops  compared  to  
standard  cameras ,  the  f-number being  the  ratio  of focal  l ength  to  apertu re  open ing .  A m in imum  
vertical  i l l uminance  of typical l y 1  400  l x towards  SSM  camera  posi tions  i s  cri tical  for acceptable  
performance.  F l icker can  be  a  problem  wi th  l i gh t sources  ( i nclud ing  l i gh t emi tting  d iodes  
(LEDs)).  Th is  i s  d iscussed  i n  detai l  i n  2 . 4 .  

The  development of special i zed  te levision  cameras  includ ing  the  robot cameras  and  poin t -of-
view (POV)  cameras  has  l ed  to  add i tional  faci l i ties  for te levis ion  production  teams  to  enhance  
the  qual i ty of thei r programmes.  Aerial  shots  often  employ hel icopters  wi th  gyrostabi l i zed  
cameras,  2D  and  3D  cablecam  systems  and  ( i ncreasing ly)  d rones.  

NOTE  ‘ fps’  i s  an  abbreviation  for ‘ frames  per second ’  bu t can  be  confused  wi th  ‘ fi e l ds  per second ’ .  Th is  
document uses  the  former when  referri ng  to  camera  speed .   

1 .4 Signal  transmission  

Commun ications  satel l i tes  located  i n  geostationary orbi t  about the  Earth  are  used  to  transmi t  
te levis ion  s ignals  d i rectly to  the  homes  of viewers  using  a  form  of s ignal  transmission  referred  
to  as  d i rect broadcast satel l i te  (DBS)  te levision .  The  end  user receives  data  from  a  h igh -
frequency satel l i te  i n  geosynchronous  orbi t  (GEO).  

The  term  ‘geosynchronous’  refers  to  the  satel l i te 's  orbi ta l  period  being  exactly one  s idereal  day ,  
i . e .  i t  has  an  orbi ta l  period  equal  to  the  Earth ’s  rotation .  For a  satel l i te  to  a l so  be  ‘ geostationary ’  
i t  must be  p laced  in  an  orbi t  that pu ts  i t  i n  the  vicin i ty over the  equator.  The se  two in  combination  
make  the  satel l i te  appear i n  a  constan t area  of vi sibi l i ty when  viewed  from  the  surface  of the  
Earth  thereby enabl i ng  con tinuous  operation  from  one  poin t on  the  ground .  The  special  case  of 
a  geostationary orbi t  i s  the  most common  type  of orbi t  for commun ications  satel l i tes.  

A geostationary orbi t  i s  a  ci rcu lar orbi t  approach ing  36  000  km  above  the  Earth 's  equator.  
Commun ications  satel l i tes  use  geostationary orbi ts,  so  that the  satel l i te  an tennae  that receive  
the  te levision  si gnals  do  no t have  to  constan tly move  to  track the  satel l i tes,  bu t can  be  poin ted  
permanently at the  posi tion  i n  the  sky where  they appear to  be  stationary.   

Transmission  occurs  in  the  Ku band  wh ich  i s  a  portion  of the  e lectromagnetic spectrum  in  the  
m icrowave  range  of frequencies.  Ku band  i s  primari l y used  for satel l i te  communications  at  
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frequencies  of approximately 1 2  GHz.  At these  frequencies  the  receiving  an tenna  i s  a  smal l  
d i sh -shaped  assembly,  typical l y 46  cm  i n  d iameter.   

D ig i ta l  te levis ion  has  expanded  the  scope  of broadcasting  that,  when  considering  the  te levising  
of sports  even ts,  a l lows viewers  to  experience  g reater i n -depth  game  effects  together wi th  
improved  screen  and  sound  qual i ty.  Most cable  te levision  programmes are  d istribu ted  over 
commun ication  satel l i tes.   

The  basic recommendations  for sports  l i gh ting  are  g iven  i n  th is  document whereas  CIE  
1 69:2005  (CIE,  2005a)  g ives  practical  advice  to  arch i tects,  consu l tan ts  and  l i gh ting  designers  
on  the  real i zation  of good  qual i ty i nsta l lations  for sports  l i gh ti ng  for colour te levis ion  and  fi lm ing .  

2  Camera technology 

2.1  In troduction   

Th is  clause  i s  i n tended  to  provide  the  l i gh ting  designer wi th  a  general  overview of camera  
technology.  Modern  te levision  cameras  u ti l i ze  e lectron ic l i gh t sensors  wh ich  produce  an  ou tpu t 
d i rectl y proportional  to  the  l i gh t they receive.  

2.2 CCDs  and  CMOS active  pixel  image sensor technology 

CCDs (Charged  Coupled  Devices)  were  used  extensively i n  earl ier broadcast cameras.  
However,  there  are  many advantages  of CMOS (Complementary Metal  Oxide  Sem iconductor)  
imagers  compared  wi th  CCD,  i nclud ing  h igher resolu tion ,  h igher frame rates  and  no  ‘smear’  
under extreme l i gh ting  cond i tions.  The  CCD  can  show unwanted  smear as  a  verti cal  stripe  
above  and  below the  h igh l igh t.  CMOS imagers  do  not show any h igh l i ght smear.  

Rol l i ng  shu tters  used  in  TV cameras  a l low  image  sensors  to  continue  to  gather photons  du ring  
the  acqu isi tion  process.  Th is  effectively i ncreases  sensi tivi ty and  i s  found  on  many d ig i ta l  sti l l  
and  video  cameras  using  CMOS  sensors.  The  effect i s  most noticeable  when  imag ing  extreme 
cond i tions  of motion ,  e . g .  sporting  action .  Wh i le  some CMOS sensors  use  a  g lobal  shu tter,  the  
majori ty found  i n  the  consumer market u ti l i ze  a  rol l i ng  shu tter.  

2.3 Slow-motion ,  super-slow-motion  and  u l tra-slow-motion  cameras  

Orig inal l y s low-motion  replay cl ips  were  accompl ished  wi th  a  normal  speed  camera  record ing  
wh ich  was  then  s lowed  down  during  the  replay.  The  resu l tan t image  was  often  b lu rred  and  jerky.   

The  fi rst generation  s low-motion  camera  was  a  standard  ( l i ve)  broadcast camera  that captured  
the  motion  three  times  faster than  the  standard  25  fps  or 30  fps  i n  National  System  Televis ion  
Commi ttee  (NTSC)  countries.  NTSC is  the  video  system  or standard  used  in  North  America  and  
most of Sou th  America.   

The  action  i s  therefore  captured  on  separate  images  at th ree  times  the  normal  speed .  When  
played  back at normal  speed ,  the  effect i s  to  create  smooth  s low  motion  wi thout b lur or 
j erkiness.  The  pictures  have  the  same qual i ty as  a  standard  speed  camera.  However,  as  super-
slow-motion  footage  i s  based  on  an  i ncreased  number of frames  per second ,  th is  i nevi tably 
means  that the  l i gh ti ng  levels  need  to  be  increased  for the  same  qual i ty image .  

Th is  type  of broadcast SSM  type  camera  i s  able  to  equal ly operate  at (1  ) ,  (2 ) ,  (3 )  and  (6 )  
speeds.  Advances  in  te levision  technology has  seen  the  development of cameras,  derived  from  
the  m i l i tary envi ronment,  where  the  action  i s  recorded  at very h igh  speeds  (up  to  1 00  000  fps  
bu t practical  HD  broadcast l im i ts  of 1  000  fps)  and  then  p layed  back when  requ i red .  Th is  u l tra-
slow-motion  (USM)  camera  i s  not a  ‘ l i ve’  camera  and  i s  on ly used  for replays.  There  i s  a lso  a  
broadcast camera  that can  be  used  as  a  l i ve  camera  as  wel l  as  a  s low  motion -replay camera  
wi th  speeds  of up  to  1  000  fps.  
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2.4 Effects  of replaying  super-slow-motion  footage showing  cycl ic  variation  in  
electrical  supply –  fl icker 

One  of the  b iggest chal lenges  of using  SSM  cameras  i s  the  so -cal led  mains  fl icker.  H istorical l y,  
a lmost every major or l arge  sports  venue  uses  or has  used  h igh  i n tensi ty gas  d ischarge  (H ID)  
l amps  operated  on  AC mains  frequency (50  Hz/60  Hz).  The  double  speed  camera  does  not 
have  a  problem  because  the  frame  rate  i s  an  exact mu l tip le  of the  mains  power frequency.  The  
trip le  speed  camera  and  faster cameras  do  however have  a  problem  wi th  mains  fl icker.   

A wel l  ba lanced  s ing le-phase  l amp/luminai re/bal last l i gh ti ng  system  on  a  three -phase  power 
system  can  a l leviate  the  problem  for the  (3 )  SSM  camera  bu t not en ti rely el im inate  i t.  Three  
s ing le-phase  l uminai res  wi th  the  same beam  d istribu tion  each  on  a  d i fferent phase  a imed  at the  
same  poin t i s ,  theoretical l y,  the  best that cou ld  be  ach ieved  –  a l though  in  real i ty a  s ign i ficant 
pragmatic chal lenge.  

Cross  a iming  and  balancing  the  a im ing  across  the  three  p hases  can  produce  reasonable  resu l ts  
for the  3  cameras,  bu t the  i ssue  becomes  i ncreasing ly a  problem  for the  u l tra-slow-motion  
cameras  –  i rrespective  of the  i ncreased  need  for add i tional  i l l um inance  as  the  p ictures  become 
unstable.   

The  fl icker i ssue  i s  more  noticeable  i n  relatively smal ler fie lds  of p lay –  e . g .  basketbal l ,  tenn is ,  
etc. ,  compared  wi th  the  larger stad iums ,  e. g .  ath letics,  footbal l .  The  larger arenas  benefi t  from  
the  inheren tly l arger number of l um inai res  involved  –  u sual l y mounted  at varyin g  d istances  and  
heigh ts  from  the  fie ld  of p lay (FOP)  –  and  the  increased  effect from  i n ter-reflections  and  the  
g reater number of l um inai res  a imed  wi th in  the  same  vicin i ty (on  d i fferent phases)  due  to  the  
i ncreased  d istances  involved .  

2.5 Apparent luminance of sporting  scene on  television  compared  wi th  actual  
scene  

The  human  eye  can  d istingu ish  a  vast range  of l um inance  l evels.  I n  comparison ,  the  te levis ion  
camera  and  the  TV receiver covers  a  very much  smal ler range.  

The  term  used  to  describe  th is  phenomenon  i s  ca l led  "dynamic range".  I n  o lder TV systems,  
th is  problem  was  exempl i fied  wi th  the  classic shot of a  footbal l  being  kicked  from  brigh t dayl ight 
i n to  the  stad ium  shadow.  The  current dynamic range  of television  images  i s  vastly improved ,  
though  sti l l  l ower than  that experienced  by the  human  eye  in  the  real  world .  New technology i s  
con tinuously improving  and  addressing  those  l im i tations,  expand ing  the  ratio  between  the  
l i gh test and  darkest parts  of the  video  image.  

Standard  defin i tion  d ig i ta l  equ ipment had  a  s l i gh t improvement over analogue ,  bu t the  HD  
cameras  and  HDTV screens  are  i n tegrating  technology known  as  h igh  dynamic range  (HDR)  –  
a lmost doubl ing  the  l uminance  steps  range.  

Particu larl y su i table  to  sports  broadcasts,  HDR i s  s ign i fican tly d i fferent becaus e  i t  a l ters  the  
p icture.  B lacks  appear deeper,  wh i tes  wh i ter and  i n  general  colours  more  vibran t and  objects  
more  defined .  Hues  are  more  pronounced  between  warm  and  cool  tones  i n  the  same  p icture  
image.  HDR a l l ows  for a  more  vivid  and  natural  l ooking  image  bring ing  p ictures  closer to  what 
the  human  eye  sees.  

The  need  for HDR is  vi ta l  to  u l tra -h igh -defin i tion  (UHD)  4K television  systems.  H igher resolu tion  
i s  not enough ,  nor i s  i ncreased  frame rates  –  the  desi re  for more  natural  l ooking  images  i s  
equal l y important.   
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