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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternational  Commiss ion  on  I l l um inati on  (CIE)  i s  an  organ i zation  devoted  to  i n ternational  co -operation  and  exchange  
of i n formation  among  i ts  member coun tries  on  a l l  matters  re l ati ng  to  the  art  and  science  of l i gh ti ng .   I ts  membersh ip  
cons ists  of the  National  Commi ttees  i n  abou t  40  coun tri es.  

The  obj ectives  of the  CI E  are:  
1 .  To  provide  an  i n ternational  forum  for the  d i scuss ion  of a l l  matters  re lati 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 terchan ge  of i n formation  i n  these  fi e l ds  between  coun tries.  
2 .  To  develop  basic  s tandards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provide  gu i dance  i n  the  appl i cati on  of princip l es  and  procedures  i n  the  development of i n ternational  and  nat i onal  

s tandards  i n  the  fi e l ds  of l i gh t  and  l i gh ting .  
4 .  To  prepare  and  publ i sh  s tandards,  reports  and  other publ i cations  concerned  wi th  a l l  matters  re l ati 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 .  
5 .  To  main tai n  l i a i son  and  techn i cal  i n teracti on  wi th  other i n ternational  organ i zati ons  concerned  wi th  matters  re l ated  to  

the  science,  technology,  s tandard i zati on  and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ting .  

The  work of the  CI E  i s  carried  ou t  by Techn ical  Commi ttees,  organ i zed  i n  seven  Di v is i ons.   Th i s  work covers  subj ects  
rang ing  from  fundamental  matters  to  a l l  types  of l i gh ti ng  appl i cati ons.   The  standards  and  techn ical  reports  developed  by 
these  i n ternational  D i vi s ions  of the  CI E  are  accepted  th roughou t  the  world .  
A p l enary session  i s  h e ld  every fou r years  at  wh ich  the  work of the  D iv i s ions  and  Techn ica l  Commi ttees  i s  reported  and  
reviewed ,  and  p l ans  are  made  for the  fu tu re.   The  CI E  i s  recogn i zed  as  the  au thori ty on  a l l  aspects  of l i gh t  and  l i gh ting .   
As  such  i t  occupies  an  important pos i tion  among  i n ternational  organ i zati ons.  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Commiss ion  I n ternationale  de  l 'Ecla i rage  (CIE)  est une  organ isati on  qu i  se  donne  pour bu t  l a  coopérati on  
i n ternationale  et  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  questions  re l atives  à  l 'art  et à  l a  science 
de  l 'écl a i rage.   E l l e  est  composée  de  Com i tés  Nationaux représen tan t  envi ron  40  pays.  

Les  ob j ecti fs  de  l a  CI E  son t :  
1 .  De  consti tuer un  cen tre  d 'étude  i n ternational  pour tou te  matière  re levan t  de  l a  science,  de  l a  technolog ie  et  de  l 'art  

de  l a  l um ière  et  de  l 'écla i rage  et  pour l 'échange  en tre  pays  d ' i n formations  dans  ces  domaines.  
2 .  D 'é l aborer des  normes  et  des  méthodes  de  base pour l a  métrolog ie  dans  l es  domaines  de  l a  l um ière  et  de  

l 'écla i rage.  
3 .  De  donner des  d i recti ves  pour l 'appl i cation  des  pri ncipes  et  des  méthodes  d 'é laborati on  de  normes  i n ternationales  

et  nati onales  dans  l es  domaines  de  l a  l um ière  et  de  l 'écla i rage.  
4 .  De  préparer et  pub l i er des  normes,  rapports  et  au tres  textes,  concernan t  tou tes  matières  re l atives  à  l a  science,  l a  

technolog ie  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  l 'écl a i rage.  
5 .  De  main ten i r une  l i a i son  et  une  col l aborati on  techn ique  avec l es  au tres  organ i sati ons  i n ternationales  concernées  

par des  su j ets  re l ati fs  à  l a  science,  l a  technolog ie,  l a  normal i sati on  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'écla i rage.  

Les  travaux de  l a  CI E  son t effectués  par Com i tés  Techn iques,  organ i sés  en  sept D iv is i ons.   Les  su j ets  d 'études  
s 'étendent  des  questions  fondamentales ,  à  tous  l es  types  d 'appl i cati ons  de  l 'écl a i rage.   Les  normes  et l es  rapports  
techn iques  é l aborés  par ces  Div is ions  I n ternationales  de  l a  CI E  son t  reconnus  dans  l e  monde  en tier.  
Tous  l es  quatre  ans ,  une  Sess ion  p l én ière  passe  en  revue  l e  travai l  des  D iv i s i ons  et  des  Comi tés  Techn iques,  en  fa i t  
rapport  et  établ i t  l es  proj ets  de  travaux pou r l 'aven i r.   La  CI E  est  reconnue  comme  l a  p l us  hau te  au tori té  en  ce  qu i  
concerne  tous  l es  aspects  de  la  l um ière  et  de  l 'écl a i rage.   E l l e  occupe  comme te l l e  une  pos i tion  importa n te  parm i  l es  
organ isations  i n ternationales.  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  

Die  I n ternationale  Be leuch tungskommiss ion  (CI E)  i s t e i ne  Organ i sati on ,  d ie  s i ch  der i n ternationalen  Zusammenarbei t und  
dem  Austausch  von  I n formationen  zwischen  i h ren  M i tg l i eds ländern  bezüg l i ch  der Kunst  und  Wissenschaft  der L ich ttechn ik 
wi dmet.   D i e  M i tg l i edschaft  besteh t  aus  den  Nationalen  Kom i tees  i n  rund  40  Ländern .  

D ie  Zie l e  der CI E  s i nd :  
1 .  E in  i n ternationales  Forum  fü r D i skuss ionen  a l l er Fragen  au f dem  Gebiet  der Wiss enschaft,  Techn ik und  Kunst  der 

L i ch ttechn ik  und  fü r den  I n formationsaustausch  au f d i esen  Gebieten  zwischen  den  e i nze lnen  Ländern  zu  sein .  
2 .  Grundnormen  und  Verfahren  der Messtechn ik au f dem  Gebiet  der L i ch ttechn ik zu  en twickeln .  
3 .  Ri ch tl i n i en  fü r d ie  Anwendun g  von  Prinzip ien  und  Vorgängen  i n  der En twickl ung  i n ternational er und  nationaler 

Normen  au f dem  Gebiet  der L ichttechn ik  zu  erstel l en .  
4 .  Normen ,  Berich te  und  andere  Publ i kati onen  zu  erstel l en  und  zu  veröffen tl i chen ,  d i e  a l l e  Fragen  au f dem  Gebiet der 

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

der Wissenschaft,  Techn ik,  Normung  und  Kunst  auf dem  Gebiet  der L i ch ttechn ik  zu  tun  haben .  

D ie  Arbei t  der CI E  wi rd  du rch  Techn ische  Kom i tees  ge le istet,  d i e  i n  s i eben  Div is i onen  organ i s iert  s i nd .   D i ese  Arbei t  
betri fft  Gebiete  m i t g rund legendem  I nhal t  b i s  zu  a l l en  Arten  der L i ch tanwendung .   D i e  Normen  und  Techn ischen  Beri ch te,  
d ie  von  d i esen  i n ternational  zusammengesetzten  D iv i s i onen  ausgearbei tet  werden ,  s i nd  au f der ganzen  Wel t  anerkann t.  
Al l e  v ier J ahre  fi ndet  e i ne  Sess ion  s tatt,  i n  der d ie  Arbei ten  der D iv is i onen  berich tet  und  überprü ft  werden ,  sowie  neue  
P läne  fü r d i e  Zukunft ausgearbei tet  werden .   D ie  CI E  wi rd  a l s  höchste  Au tori tät fü r a l l e  Aspekte  des  L ich tes  und  der 
Beleuch tung  angesehen .   Au f d i ese  Weise  un terhäl t  s ie  e i ne  bedeu tende  Stel l ung  un ter den  i n ternationalen  
Organ isati onen .  
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I I  

Th is  Techn ical  Report has  been  prepared  by CIE  Techn ica l  Committee  8-07  of D ivis ion  8  
" Image  Technology"  and  has  been  approved  by the  Board  of Adm in istration  as  wel l  as  by 
D ivis ion  8  of the  Commission  I n ternationale  de  l 'Ecla i rage .  The  document reports  on  current  
knowledge  and  experience  wi th in  the  speci fic fi e ld  of l igh t and  l i gh ting  described ,  and  is  
i n tended  to  be  used  by the  CIE  membersh ip  and  other i n terested  parties.  I t  shou ld  be  noted ,  
however,  that the  status  of th is  document i s  advisory and  not mandatory.   

Ce  rapport techn ique  a  été  é laboré  par l e  Com ité  Techn ique  CIE  8-07  de  l a  D ivis ion  8  
"Technolog ie  des  images"  et  a  été  approuvé  par l e  Bureau  et D ivis ion  8  de  la  Commission  
I n ternationale  de  l 'Ecla i rage .  Le  document expose l es  connaissances  et  l ' expérience  actuel les  
dans  l e  domaine  particu l ier de  l a  l um ière  et de  l 'éclai rage  décri t i ci .  I l  est destiné  à  être  u ti l i sé  
par l es  membres  de  l a  CIE  et par tous  l es  i n téressés.  I l  fau t cependant noter que  ce  
document est  ind icati f et  non  obl igatoire.   

D ieser Techn ische  Bericht i s t vom  Techn ischen  Kom itee  CIE  8-07  der D ivis ion  8  
"B i ldverarbei tung "  ausgearbei tet und  vom  Vorstand  sowie  D ivis ion  8  der Commission  
I n ternationale  de  l 'Eclai rage  gebi l l i g t  worden .  Das  Dokument berich tet  über den  derzei ti gen  
Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet von  L icht und  Beleuchtung ;  es  
i st  zu r Verwendung  durch  CIE -M i tg l i eder und  durch  andere  I n teress ierte  bestimmt.  Es  sol l te  
j edoch  beachtet werden ,  dass  das  Dokument  e ine  Empfeh lung  und  ke ine  Vorschri ft  i st.   

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

Toute  mention  d 'organ isme ou  de  produ i t  n ' impl i que  pas  une  préférence de  la  CIE.  Malgré  l e  
soin  apporté  à  la  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 Erzeug n issen  bedeu tet keine  B i l l i gung  durch  d ie  CIE.  
Obg leich  große  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 ls tänd ig  s ind .   
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VI  

MULTISPECTRAL IMAGE FORMATS  

Summary 

This  techn ical  report  describes  the  bas ic  model  of mu l tispectral  imag ing  technology fo l lowed  
by the  requ i rements  and  the  examples  of mu l ti spectral  image  formats  su i table  for colour 
imag ing  appl ications.  Four example  formats  are  i n troduced  and  compared  i n  typica l  use  cases:  
JPEG  2000,  Spectral  B inary F i l e  Format,  Natural  Vision ,  and  mu l tispectra l  image  fi l e  format 
AIX.  The  speci fications  of those  formats  except for JPEG  2000  are  provided  i n  the  Annex.  

 

FORMATS DES IMAGES MULTISPECTRALES  

Resume 

Ce rapport techn ique  décri t  les  bases  technolog iques  en  imagerie  mu l tispectrale  pu is  donne  
l es  exigences  et des  exemples  en  termes  de  formats  appropriés  d ' images  mu l tispectrales  
pour des  appl ications  en  imagerie  cou leur.  Quatre  exemples  de  formats  – JPEG  2000,  l e  
format de  fich ier spectral  b inai re,  Vis ion  Naturel l e  et l e  format d ' image mu l tispectrale  AIX -  
son t i n trodu i ts  et comparés  dans  des  cas  typiques  d 'u ti l i sation .  Les  spéci fications  de  ces  
formats,  à  l 'exception  de  JPEG  2000,  sont  fourn is  en  annexe.  

 

FORMATE FÜR MULTISPEKTRALE BILDER 

Zusammenfassung  

Dieser techn ische  Bericht  beschreibt  das  grund legende  Model l  der Mu l ti spektral techn ik und  
d ie  daraus  resu l ti erenden  Anforderungen  an  mu l tispektrale  B i ld formate  für Anwendungen  i n  
der Farbbi l d techn ik.  Es  werden  vier geeignete  B i ld formate  e ingeführt:  JPEG  2000,  Spectral  
B inary Format,  Natural  Vis ion  und  das  Mu l tispektral format AIX.  D iese  vier Formate  werden  
anhand  typischer Anwendungsfäl le  m i te inander verg l ichen .  D ie  Spezi fikationen  von  Spectral  
B inary Format,  Natural  Vis ion  und  AIX s i nd  im  Anhang  gegeben .  
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1  Background  

I ncreasing l y,  colour imag ing  is  being  done  wi th  cameras  capable  of capturing  more  than  three  
channels  or bands.  W i th  i ts  focus  on  promoting  colour science,  CIE  D ivis ion  8  " Image  
Technology"  establ ished  a  techn ica l  committee  on  "Mu l tispectral  Image Formats"  to  address  
i ssues  re lated  to  such  imag ing .   

For the  purposes  of th is  d iscussion ,  a  mu l tispectra l  image wi l l  be  cons idered  to  be  an  image  
wi th  more  than  three  channels  or bands  of waveleng ths.  The  vis ib le  wavelength  range  i s  the  
main  concern ,  bu t the  spectral  channels  may include  bands  in  the  u l traviolet or i n frared .  The  
term  hyperspectral  image  is  sometimes  used ,  and  a  hyperspectral  image  i s  usual l y 
considered  as  having  more  channels  (for example,  more  than  50)  than  a  mu l tispectral  image .  
A hyperspectral  image  i s  often  thought to  be  one  that  a l l ows  an  almost con tinuous  spectrum  
to  be  obta ined  wi thout waveleng th  i n terpolation ,  bu t  a  con tinuous  spectrum  in  each  p ixel  can  
often  be  reconstructed  from  a  mu l tispectral  image ,  as  described  i n  3 . 4 .  However,  the  
boundary between  mu l ti spectral  and  h yperspectral  i s  not accuratel y defined ,  so,  i n  th is  
techn ical  report,  mu l tispectral  and  hyperspectral  images  are  not d is tingu ished  and  the  term  
"mu l tispectral "  i s  used  for s impl ici ty.  Furthermore,  the  term  "spectral  image"  refers  to  a  
mu l tispectral  image,  a  h yperspectra l  image ,  or an  image wi th  reconstructed  con ti nuous  
spectra.  Th is  document deals  wi th  two-d imensional  (p lanar)  mu l tispectral  images  on l y.   

Spectral  imag ing  is  found  in  many appl ications  i nclud ing  med ical  imag ing ,  document 
preservation ,  fash ion  design ,  au tomobi le  manufacturing ,  recycl i ng ,  science ,  and  remote  
sensing .  I t  i s  desirable  to  have  a  common  format that can  be  used  to  share  spectral  images  
between  various  users.  Cand idate  formats  i nclude  those  a l ready standard ized  by other 
organ izations  as  wel l  as  nati ve  formats  that are  currentl y used  by a  ve ry select  group  of 
i nd ividuals  or organ izations.  

The  scope  of th is  report  i ncl udes  the  study,  development,  and  recommendation  of encod ing  
techn iques  and  data  formats  for the  exchange  of mu l tispectral  images ,  as  wel l  as  testi ng  and  
evaluation .  

2  Terms,  defin i tions  and  abbreviations  

For the  purposes  of th is  document,  the  terms ,  defi n i tions  and  abbreviated  terms  g iven  i n  CI E  
S  01 7/E: 201 1  and  the  fol lowing  appl y.   

2.1   
lossless  compression  
method  of data  compression  that perm i ts  reconstruction  of the  ori g inal  data  exactl y,  b i t -for-b i t  

[SOURCE:  I SO/IEC 1 5948: 2004]  

2.2  
lossy compression  
method  of data  compression  that perm i ts  reconstruction  of the  orig inal  data  approximatel y,  
rather than  exactl y  

[SOURCE:  I SO/IEC 1 5948: 2004]  

2.3  
LUT 
look-up  table  
col l ection  of values  used  for translati ng  data  samples  from  one  value  to  another,  in  wh ich  the  
run -time compu tation  of arbi trary transformation  i s  replaced  wi th  the  tab le  reference of pre-
calcu lated  values  

2.4  
LZW 
Lempel–Ziv–Welch  
name of a  l oss less  data  compress ion  a lgori thm  
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2.5  
metadata  
data  associated  wi th  a  d ig i ta l  image  as ide  from  the  p ixel  va lues  that comprise  the  d ig i tal  
image  

[SOURCE:  I SO  1 2231 : 201 2 ]  

Note  1  to  en try:  I n  mu l ti spectral  images,  the  metadata  may i nclude  the  number of channels ,  the  spectral  
characteristi cs  of channels,  the  number of p i xel s  i n  hori zon tal  and  verti cal  d i rections,  the  number of b i ts  
i n  each  sample,  and  the  spectral  characteri sti cs  of channels  data.  

2.6  
Moore–Penrose pseudo-inverse  
one  of the  common  types  of matrix pseudo-inverse,  wh ich  is  the  general i zation  of the  i nverse  
matrix  orig inal l y defined  wi th  respect to  a  non -singu lar and  square  matrix  to  an  arb i trary 
matrix  

2.7  
PCA 
principal  component analysis  
mathematical  process  that transforms  correlated  variables  i n to  uncorrelated  ones  

2.8  
pixel  value  
d iscrete  value  that represents  colour,  i n tensi ty,  or other attribu te  of a  p ixel  

[SOURCE:  I SO  1 2231 : 201 2 ]  

Note  1  to  en try:  I n  mu l ti spectral  images,  a  p i xel  consis ts  of mu l ti p le  channels .  The  p i xel  va lue  of each  
channel  may represen t the  rad iance,  rad iance  factor,  refl ectance  factor,  or refl ectance,  sometimes  
mu l ti pl i ed  wi th  a  certa in  sca l i ng  factor.  

2.9  
reconstruction  matrix 
matrix for the  spectral  reconstruction  from  mu l tispectral  channel  data  

2.1 0  
spectral  reconstruction  
spectral  estimation  
process  to  reconstruct con tinuous  (or densel y sampled)  spectral  data  from  d iscrete  
mu l tispectral  channel  data  

Note  1  to  en try:  Spectral  reconstruction  i s  s im i l ar to  i n terpolation ,  bu t more  advanced  reconstruction  
techn iques,  such  as  Wiener estimation ,  are  avai l able .  

2.1 1   
spectral  unmixing  
process  for the  decomposi tion  when  m ixing  mu l tip le  spectral  components  i n  a  p ixel   

2.1 2  
Wiener estimation  
method  to  estimate  the  orig inal  s ignal  from  the  observation  based  on  the  m in imum  mean  
square  error cri terion ,  assum ing  that the  ori g inal  s ignal  and  noise  are  model led  as  random  
processes   

Abbreviations  

API  Appl ication  Program  I n terface  

BSQ Band  Sequentia l  

B I L  Band  I n terleaved  by L ine  

BIP  Band  I n terleaved  by Pixel  

ICC  I n ternational  Color Consorti um  

International  Commission  on  I l lumination

Provided by IHS Markit under l icense with  CIE

 

Full document details: CIE 223-2017

http://www.avadocuments.com/doc/cie-223-2017
http://www.avadocuments.com/doc/cie-223-2017


CIE  223: 201 7  

3  

PCS   Profi l e  Connection  Space  

TIFF   Tagged  Image  F i l e  Format  

XML  eXtens ib le  Markup Language  

XMP  eXtens ib le  Metadata  Platform  

ZIP  The  name of a  fi l e  format that su pports  l ossless  compression  

 

3  Mul tispectral  image model  

3.1  Mul tispectral  image appl ications  

Before  considering  the  general  model  of mu l tispectral  imag ing ,  various  mu l tispectral  imag ing  
appl ications  are  reviewed :  

  Spectral  or colour measurement  (poin t-based  or image-based)  (S impson  and  Jansen ,  
1 991 ;  H i l l  and  Vorhagen ,  1 994 ;  Burns  and  Berns ,  1 996)  

  Object detection ,  recogn i ti on ,  or pattern  classi fication  (Tom inaga,  2002 ;  LI  et  a l . ,  2008;  
Gomez et a l . ,  2007)   
(Spectral  s ignature,  spectral  texture,  m atch ing  of reflectance,  segmentation )  

  Spectral  component analys is  (Vrhel  and  Trussel l ,  1 992;  Tsumura  et.  a l . ,  1 999;  Rabinovich  
et  a l . ,  2004) ,  spectral  u nm ixing  (M iao  and  Qi ,  2007)   
(PCA,  I ndependent Component Analysis ,  Nonnegative  Matrix  Factorization ,  etc. )  

  Narrow band  imag ing  (Gono  et a l . ,  2003  )  

  Fa lse  colour image  d isp lay  

  Spectral  image enhancement (M i tsu i  et.  a l . ,  2005)  

  I l l um inant estimation  (Tom inaga  and  Wandel l , 1 989;  Maloney and  Wandel l ,  1 986)  

  Colour reproduction  (d i fferen t I l l um inan t,  appearance  mod el ,  etc. )  (H i l l ,  1 998;  Yamaguch i  
et  a l . ,  1 997;  H ardeberg  et a l . ,  1 998)  

  Spectral  imag ing  (spectra l  prin ting ,  imag ing  s imu lation ,  etc. )  (Yamaguch i  et.  a l . ,  2008;  
Imai  et  a l . ,  2001 ;  Tzeng  et.  a l ,  2000)   

  Spectral  rendering  (arti ficial  spectra l  image)  (Peercy,  1 993;  Tom inaga,  1 996)   

  D ig i ta l  arch iving  (Cotte,  2006;  Ribes  et  a l . ,  2005)   

I n  some of the  above  appl ications,  the  spectral  rad iance  of the  object i s  reconstructed ;  i n  
others  spectra l  reflectance  or spectral  transm i ttance  can  be  the  aim  of the  reconstruction .  
Spectral  reconstruction  i s  expla ined  i n  3. 4.  I n  other classes  of appl ications,  the  mu l tichannel  
data  are  transformed  i n to  a  colour image,  where  the  nature  of the  transformation  is  
determ ined  by the  appl ication 's  requ irements .   

3.2 Generic model  for mul tispectral  imaging  systems  

Mul tispectral  images  can  be  captured  by mod i fyi ng  the  spectral  sens i ti vi ti es  of the  imag ing  
sensors .  A s imple  imag ing  model  (Burns  and  Berns,  1 996;  Maloney,  1 986 ;  Wandel l ,  1 987)  
can  be  described  by  

   k k kg a f s





   
max

min

e d  (1 )  

or,  speci fical l y for reflecti ve  objects,   

     k k kg a f S s





    
max

min

 d  ,  (2) 
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where  the  spatia l  coord inates  are  om i tted  for s impl ici ty.  I n  Eqs.  (1 )  and  (2) ,  fe()  i s  the  
spectral  power d istribution  of the  captured  l i gh t from  an  obj ect.  I t  i s  usual l y g i ven  by  fe()  =  
ae  L,  where  L  and  ae  denote  the  spectral  rad iance  of the  obj ect and  a  constan t wh ich  
depends  on  the  observation  geometry,  respective ly .  sk()  i s  the  spectral  sens i ti vi ty of the  k-th  
channel  of the  imag ing  sensor,  S()  i s  the  spectral  power d istribu tion  of the  i l l um inan t,  and  gk  
i s  the  detector ou tput of the  correspond ing  pixel  of the  captured  mu l tispectral  image.  ak  i s  the  
scal ing  factor that  converts  the  phys ica l  quanti ty i n  rad iometric  un i t  i n to  the  range  of d ig i tal  
va lue.  f()  represents  the  spectra l  reflection  property of the  object,  e . g . ,  the  spectral  rad iance  
factor i f the  sol i d  ang le  of the  em i tted  l i gh t captured  by the  camera  i s  smal l  enough.  When  the  
sol i d  ang le  i s  l arger,  i t  can  be  the  spectral  reflectance  fac tor (Lee,  2005) ,  or for Lambertian  
surface,  f()  can  be  considered  as  the  spectral  refl ectance.  The  d i fference among  them  is  
often  d isregarded  because  i t  depends  on  the  observation  geometry,  and  thus  f()  i s  referred  
to  as  "spectral  reflectance"  hereafter.  I n  the  case  of transm iss ive  obj ect,  i t  represen ts  the  
transm ittance  of the  obj ect.  The  i ndex k =  1  …  K,  where  K i s  the  number of channels .  The  
l im i ts  mi n  and  max  d enote  the  shortest and  l ongest wavelengths  of the  considered  wavelength  
range;  in  the  case  of vis ible  rad iation  imag ing  the  l ower l im i t  i s  taken  between  360  nm  and  
400  nm  and  the  upper l im i t i s  taken  between  760  nm  and  830  nm  (CIE,  201 1 ) .  I t  i s  a lso  
possib le  to  mod i fy the  i l l um ination  spectrum  i nstead  of the  spectral  sens i ti vi ty of the  imag ing  
sensor.  I n  th is  case,  in  Eq .  ( 2) ,  S()  i s  replaced  wi th  Sk()  and  sk()  i s  replaced  wi th  s() .  The  
detector ou tpu t a lso  depends  on  some other factors ,  e. g .  transm ittance  of the  a i r and  the 
optics  between  the  source  and  the  sensor,  wh ich  are  om i tted  i n  Eqs.  ( 1 )  and  (2)  for s impl ici ty.  
I n  add i tion ,  the  photoelectric  transfer characteristic,  or tone  curve,  of the  imag ing  sensor is  
assumed  to  be  l i near in  Eq s  (1 )  and  (2) .   

I f we  consider a  fluorescen t object,  the  model  becomes  rather compl icated :   

     
max max

min min

 

, ,   ,    d  dk l k l l kg a f S s

 

 

         (3) 

where  the  subscript  l  =  1  …  L  denotes  the  i ndex for the  exci tation  l i gh ts ,  L  i s  the  number of 
the  d i fferent exci tation  l igh ts  used  i n  the  imag ing ,  ak, l  i s  the  scal ing  factor,  and  f(,)  
represents  the  fl uorescence characteristics ;  i t  may be   f a     f,  ( ) ,  where   ( )  and  a f

denote  the  b ispectral  rad iance  factor and  a  constan t that depends  on  the  observation  
geometry,  respectivel y.  The  variables    and    correspond  to  the  wavelengths  of exci tation  
and  em iss ion  l i ghts  wi th  [mi n ,  max]  and  [mi n ,  max]  be ing  the ir respective  ranges.   

3.3 Input of mul tispectral  images   

The  i npu t process  of mu l tispectral  images  can  be  mathematical l y model led  by Eq .  ( 1 )  i n  3 . 2 .  
However,  i n  real  mu l tispectral  image  capture,  some characteristics  of the  imag ing  device  
shou ld  be  cons idered .  These  i nclude  camera  gain  (bk) ,  dark current  (bdc) ,  noise  (nk)  and  tone  

curve  (    T  ) .  Then  Eq .  (1 )  i s  rewri tten  as  

   k k k k kg a T b f S b n





  
 
 

   
  


max

min

d, e dcd ,  (4) 

where  gd ,k  i s  the  device  p ixel  va lue  of the  mu l tispectral  image ,  and  ak  i s  the  scal ing  factor.  To  
derive  the  spectral  rad iance,  reflectance,  or transm i ttance  of the  obj ect,  i t  i s  necessary to  
characterize  the  mu l tispectral  imag ing  device.  I n  some cases,  the  geometrica l  d is tortion  of an  
i nput device  shou ld  be  corrected  before  the  image  anal ys is.  

3.4 Spectral  reconstruction  

I f the  number of channels  i s  l arge  enough  to  represen t a  con tinuous  spectrum  in  each  p ixe l ,  
and  the  bandwid th  of the  spectral  sens i ti vi ty sk()  i s  narrow,  the  spectral  refl ectance  f()  can  
be  s impl y estimated  from  gd , k  by 
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     
   

d, d, bk
est

d, w d, bk

k k
k k

k k

g f g f
f a

g f g f






 (5) 

where  gd ,k(f) ,  gd , k(fbk) ,  and  gd ,k(fw)  are  the  mu l tispectra l  p ixel  va lues  of target,  b l ack  (bk),  and  
wh i te  (w)  obj ects,  respectivel y.  Again  ka  i s  the  scal ing  factor.  The  value  gd , k(fbk)  i s  obtained  

wi th  a  cap  on  the  camera  l ens  and  gd ,k(fw)  i s  the  mu l tispectral  p ixe l  va lue  of a  standard  wh i te  
d i ffuser.  When  measuring  spectral  transm ittance,  gd , k(fw) is  captured  by the  same device  
wi thout pl acing  any object.   

On  the  other hand ,  i f the  number of channels  i s  not enough  to  d i rectl y represent the  
con tinuous  spectrum ,  spectral  reconstruction  is  requ ired .  Various  methods  for the  
reconstruction  of spectra l  reflectance,  rad iance,  or transm ittance  from  the  mu l tispectral  image  
data  have  been  developed .  I t  i s  known  that the  spectral  reflectance  of natural  objects  can  be  
wel l  approximated  wi th  a  l im i ted  number of spectral  basis  functions  (Maloney,  1 986;  Wandel l ,  
1 987;  Vrhel  et a l . ,  1 994) .  On  th is  basis,  the  continuous  spectral  d i stributions  can  be  
reconstructed  from  the  mu l tispectral  data  of a  l im i ted  number of channels.   

The  reconstruction  methods  can  be  categorized  in to  l inear and  non l inear techn ique s.  
Examples  of l i near techn ique  are  Moore–Penrose  pseudo-inverse  (Pratt and  Manci l l ,  1 976) ,  
Wiener estimation (Pratt and  Manci l l ,  1 976)  and  PCA (Vrhel  and  Trussel l ,  1 992) .  I n  l i near 
reconstruction ,  the  spectral  refl ectance  of the  object i s  estimated  by an  equation  of the  form  

 f Mgest  (6) 

where         est 1 est 2 est 3 est(    ) tNf f f f    fest  i s  the  vector representation  of estimated  

spectral  reflectance  and  1 2 3(    ) tKg g g g g  i s  the  mu l tispectral  image data  obtained  us ing  

Eq .  (1 )  or  k k kg T g a b 1
d, dc/   from  Eq .  (4) .  M  i s  an  N K  matrix  for the  spectral  

reconstruction .  When  appl ying  Wiener estimation ,  M  i s  often  derived  from  the  spectral  
sens i ti vi ty of the  i nput  device,  i l l um inant spectrum ,  and  the  correlation  matrices  of obj ect and  
noise.   

Non l inear estimation  methods  have  more  variations,  bu t  some of them  can  be  considered  as  
combinations  of l i near estimations.  Some of the  reconstruction  methods  requ ire  an  i terati ve  
process,  such  as  the  one  based  on  compressive  sens ing  theory  (Gehm  et  a l . ,  2007) .   

3.5 Output or d isplay of mul tispectral  image  

When  the  outpu t  or d isplay of a  mu l tispectra l  imag ing  system  is  in  the  form  of an  image,  the  
mu l tispectral  image  i s  normal l y converted  to  a  colour or monochromatic image,  depend ing  on  
the  appl ication .  The  colour image  under a  certain  i l l um inant (ca l l ed  the  rendering  i l l um inant)  
can  be  obtained  from  the  estimated  reflectance  by us ing  the  CIE  colour-match ing  functions  as  

            
max

min

est r,  ,   ,  ,  dX Y Z f s x y z





        (7) 

where  the  spatia l  coord inates  are  om i tted ,  (X,  Y,  Z)  are  the  XYZ tristimu lus  va lues,  s r()  i s  the  
spectral  power d istribu tion  of the  rendering  i l l um inant,  and  (      ,  ,  x y z   )  are  the  CIE  

colour-match ing  functions.  The  tris timu lus  values  can  then  be  transferred  to  ou tput or d isplay 
devices  for colorimetric  reproduction .   

The  spectral  rad iance  fest()  sr()  can  be  used  to  derive  device  s ignals  for spectra l  d isplays,  
such  as  mu l ti -primary colour d isplays  (Murakam i  et  a l . ,  2004) ,  and  the  spectral  reflectance  
can  be  d i rectl y employed  as  the  data  for spectral  prin ting  (Tzeng  et a l . ,  2000) .  

I n  some appl ications,  ou tpu t images  are  not rendered  i n  natural  colour,  bu t  false  or enhanced  
colour.  False  colour representation  is  often  adopted  for the  resu l ts  of image  anal ysis ,  such  as  
PCA or image segmentation .  An  eas y method  of colour representation  for a  mu l tispectral  
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image is  assign ing  certain  bands  to  R,  G ,  B  channels  of a  d isplay,  for example,  {  band1  =  R,  
band4  =  G ,  band5 =  B  }  (Gono  et a l . , . 2003).  

Mu l tispectral  imag ing  is  a lso  employed  for p i gment anal ys is  of art pa in ti ngs  (Cotte,  2006;  
Ribes  et  a l . ,  2005),  b io log ica l  samples,  and  sta ined  h istolog ical  m icroscopic images.  Also  the  
decomposi tion  of fl uorescen t d ye  i s  an  important  appl ication  of mu l tispectral  imag ing  in  fi e lds  
such  as  b iomed ical  imag ing .  Those  processes  are  sometimes  cal led  colour unm ixi ng  
(Rabinovich  et  a l . ,  2004) ,  wh ich  can  be  ach ieved  very effecti vel y by mu l tispectral  imag ing .  I n  
such  cases,  the  colourization  is  based  on  the  unm ixed  component images.   

3.6 Workflow model  

From  the  above  cons iderations,  the  workflow model  of mu l tispectral  ima g ing  can  be  
schematical l y i l l ustrated  as  i n  F igure  1  (Yamaguch i  et  a l . ,  2008) .   

Once  a  mu l tispectra l  image  i s  captured  by an  input  device,  raw image data  are  obtained .  The  
p ixel  va lue  of each  mu l ti spectral  channel  depends  on  the  characteristics  of i npu t de vice,  such  
as  the  spectral  sens i ti vi ty,  dark curren t l evel ,  noi se  deviation  and  tone  cu rve  as  i n  equations  
(1 )  and  (3).  I t  a lso  depends  on  the  i l l um inant spectrum  of the  i npu t envi ronment,  wh ich  is  a lso  
requ ired  for reflectance  estimation .  The  characterist ics  of the  i nput device  may be  partl y 
corrected  after the  image is  captured ,  as  ind icated  i n  "post-process ing  (device  correction )"  
box of F igure  1 .  I n  such  cases,  some of the  i nput device  characteristics ,  such  as  the  dark 
curren t and  tone  cu rve,  can  be  d isregarded .   

To  make use  of the  s tored  mu l tispectral  data  afterward ,  i t  i s  importan t to  know such  
i n formation  abou t the  inpu t device.  For th is  purpose,  the  profi l e  data  of the  spectral  i nput 
device  shou ld  be  attached  to  the  image  data .  By appl ying  spectra l  reconstruction  techn iques ,  
the  matrix  to  estimate  the  spectral  reflectance,  transm ittance,  or rad iance  can  be  derived .  
I nstead  of storing  the  reconstructed  spectra,  wh ich  wou ld  requ i re  much  more  capaci ty,  i t  i s  
conven ient to  store  the  orig inal  mu l tispectral  image data  wi th  such  estimation  matri ces  (see  
Eq .  (6)) .   

Arti ficia l  spectral  images  can  a lso  be  cons idered .  I n  these  cases,  the  image  can  be  
accompan ied  by the  characteristics  of  the  vi rtua l  i npu t device  or spectral  reconstruction  matrix.  
For conven ience,  i t  i s  a l so  poss ib le  to  i nclude  the  matrix needed  to  estimate  the  tristimu lus  
values  under a  certa in  i l l um inan t.  

When  a  mu l tispectral  image  i s  processed ,  as  i n  enhancement,  pattern  anal ys is  and  fa lse  
colour ass ignment,  the  p ixe l  va lues  of the  mu l ti spectral  image  may be  mod i fied .  For fa lse  
colour assignment,  for example,  the  speci fication  of each  band  of the  mu l tispectral  image  is  
requ ired .  The  resu l t  of image  processing  may be  a  colour image or a  s ing le  channel  image 
when  the  processing  a ims  at v isual i zation  or quan ti fication .  I n  some cases  the  outpu t may be  
mu l tispectral .  I t  i s  sometimes  possib le  to  defi ne  the  visual i zation  method  in  metadata  wi th  
preserving  the  orig inal  or mod i fied  mu l tispectra l  image.  

I n  image  d isp lay or prin ting ,  the  tristimu lus  values  can  be  derived  us ing  the  reconstructed  
spectra  under an  arbi trary i l l um inan t.  To  make  use  of conventional  colour management 
systems,  a  s tandard  i l l um inant  (such  as  CIE  D65  or D50)  can  be  speci fi ed  for  ou tpu t to  
conventional  colour d isplay or pri n ti ng  devices.   
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Figure 1  – Workflow model  of multispectral  imaging systems 

4 Encoding  of mul tispectral  images  

I n  the  encod ing  of mu l tispectral  images,  some issues  that are  d i fferen t from  those  
encountered  for monochromatic  or colour image  encod ing  must be  addressed .   

(a)  Metadata  are essential in  the workflow of multispectral imaging systems.   

I n  contrast to  trad i tional  grey-scale  or colour images,  the  number of channels  varies  i n  
mu l tispectral  images.  The  mean ing  of each  channel  a lso  depends  on  the  imag ing  devices.  
Such  i n formation  is  requ i red  i n  appl ication s  of mu l tispectra l  imag ing ,  and  shou ld  be  stored  as  
metadata.  I n  the  encod ing  of mu l tispectra l  images,  both  the  image data  s tream  and  metadata  
shou ld  be  addressed ,  as  shown  i n  F igure  2 .  

 

Figure 2 – Structure of multispectral  image file  

(b)  More than three channels in  a  single pixel  

I n  the  image  data  stream  there  are  several  d i fferen t schemes  to  store  p ixel  data  wi th  more  
than  three  channels  used  i n  conventional  mu l tispectral  formats.  The  order of b inary data  i n  
the  image  can  be  as  fol l ows  (where  xi  and  y j  are  coord inates  of p ixe l  ( i,  j)  wi th in  each  frame) :  
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Band  sequentia l ,  "BSQ":   

     1 1 1 2 1 1 1 1,  ,  ,  ,  ,  ,  ,  ,  ,  Pg x y g x y g x y  

     1 2 1 2 2 1 2 1,  ,  ,  ,  ,  ,  ,  ,  ,Pg x y g x y g x y    

 

     1 1 2 1 1,  ,  ,  ,  ,  ,  ,  ,  ,Q Q P Qg x y g x y g x y    

1  Frame  

     1 1 2 2 1 2 1 2,  ,  , ,  ,  ,  ,  ,  ,Pg x y g x y g x y    

     1 2 2 2 2 2 2 2,  ,  , ,  ,  ,  ,  ,  ,Pg x y g x y g x y    

 

     1 2 2 2 2,  ,  ,  ,  ,  ,  ,  ,  ,Q Q P Qg x y g x y g x y    

2  Frame  

  

     1 1 2 1 1,  ,  , ,  ,  ,  ,  ,  ,K K P Kg x y g x y g x y    

     1 2 2 2 2,  ,  , ,  ,  ,  ,  ,  ,K K P Kg x y g x y g x y    

 

     1 2,  ,  ,  ,  ,  ,   ,  ,  Q K Q K P Q Kg x y g x y g x y    

K  Frame  

 

Band  i n terleaved  by l i ne,  "BI L":   

     1 1 1 2 1 1 1 1,  ,  ,  ,  ,  ,  ,  ,  ,Pg x y g x y g x y  

     1 1 2 2 1 2 1 2,  ,  ,  ,  ,  ,  ,  ,  ,Pg x y g x y g x y    

 

     1 1 2 1 1,  ,  ,  ,  ,  ,  ,  ,  ,K K P Kg x y g x y g x y    

1y  l i ne  

     1 2 1 2 2 1 2 1,  ,  ,  ,  ,  ,  ,  ,  ,Pg x y g x y g x y  

     1 2 2 2 2 2 2 2,  ,  ,  ,  ,  ,  ,  ,  ,Pg x y g x y g x y    

 

     1 2 2 2 2,  ,  ,  ,  ,  ,  ,  ,  K K P Kg x y g x y g x y    

2y  l i ne  

  

     1 1 2 1 1,  ,  ,  ,  ,  ,  ,  ,  ,Q Q P Qg x y g x y g x y  

     1 2 2 2 2,  ,  ,  ,  ,  ,  ,  ,  ,Q Q P Qg x y g x y g x y    

 

     1 2,  ,  ,  ,  ,  ,  ,  ,  Q K Q K P Q Kg x y g x y g x y    

Qy  l i ne  
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Band  i n terleaved  by p ixe l ,  "BI P" :  

     1 1 1 1 1 2 1 1,  ,  ,  ,  ,  ,  ,  ,  Kg x y g x y g x y     1 1,  x y  p ixel  

     2 1 1 2 1 2 2 1,  ,  ,  ,  ,  ,  ,  ,  Kg x y g x y g x y     2 1,  x y  p ixe l  

  

     1 1 1 2 1,  ,  ,  ,  ,  ,  ,  ,  P P P Kg x y g x y g x y     1,  Px y  p ixel  

     1 2 1 1 2 2 1 2,  ,  ,  ,  ,  ,  ,  ,  Kg x y g x y g x y     1 2,  x y  p ixe l  

     2 2 1 2 2 2 2 2,  ,  ,  ,  ,  ,  ,  ,  Kg x y g x y g x y     2 2,  x y  p ixel  

  

     1 2,  ,  ,  ,  ,  ,  ,  ,  P Q P Q P Q Kg x y g x y g x y     ,  P Qx y  p ixel  

 

Here  P  and  Q  d enote  the  numbers  of p ixe ls  i n  the  x  and  y  d i rections,  respectivel y.  

The  scheme for storing  p ixel  data  is  sometimes  selected  depend ing  on  the  imag ing  apparatus :  
for example ,  BSQ is  su i table  for cameras  wi th  a  fi l ter-wheel ,  whereas  BI L  often  matches  
imag ing  devices  wi th  grati ngs  or prism  spectrometers.  On  the  other hand ,  B IP  is  usual l y 
conven ient for spectral  processing .  

As  another way to  s tore  p ixel  data,  an  encod ing  method  compatib l e  wi th  RGB-based  imag ing  
systems has  been  proposed  (Keusen  and  Praefcke,  1 995) .  I n  th is  method ,  the  fi rst th ree  
channels  are  standard  RGB,  wh i le  the  remain ing  channels  represent the  spectral  data  that are  
orthogonal  to  the  RGB  components.   

(c)  Compression methods for multispectral images  

Compress ion  is  another importan t aspect of mu l tispectra l  image  encod ing  and  there  are  
several  d i fferen t approaches :  

  Lossless  compression  

Basical l y the  same techn iques  that  are  used  in  grey scale  image compression ,  such  as  
PNG  (Portable  Network Graph ics )  and  LZW (Lempel–Ziv–Welch),  can  be  appl i ed  to  each  
channel  of a  mu l tispectral  image.   

  Lossy,  spatia l  compress ion  on l y  

Each  channel  i s  compressed  i ndependentl y.  Techn iques  for grey scale  images  are  
appl icable,  such  as  JPEG  compression .   

  Spectral  transform  and  spatia l  compression  

A spectral  transform ,  such  as  PCA,  prior to  spatia l  compression  effecti vel y reduces  the  
redundancy i n  spectral  data.  As  the  spectra l  reflectance  of natural  objects  has  h i gh  
spectral  correlation ,  th is  approach  ach ieves  a  h i gher compression  ratio  than  methods  us ing  
spatia l  compress ion  on l y  (Markas  and  Rei f,  1 993;  Saghri  et a l . ,  1 995).  When  considering  
colour reproduction  appl i cations,  several  methods  su i table  for preserving  colour accuracy 
as  wel l  as  accurate  spectra l  reconstruction  have  been  proposed  (Keusen  and  Praefcke,  
1 995;  Yu  et.  a l . ,  2006).  

  Spectral  and  spatia l  (3D)  compress ion  

Greater efficacy may be  real i zed  by appl ying  3 -D  compression ,  considering  spectral  and  
spatia l  correlations  of the  3-D  data  cube  of a  spectra l  image.  One  method  for th is  i s  known  
as  3-D  SPIHT (Set Parti ti on ing  I n  H ierarch ical  Tree)  (Dragotti  et a l . ,  2000),  wh ich  u ti l i zes  
3-D  wavelet transforms.  
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  Spectral  video compression  

There  are  not many reports  of the  compress ions  of mu l tis pectral  video.  An  example  
approach  i s  to  apply a  spectral  transform  and  a  vi deo compression  standard  sequentia l l y  
(Takamura  and  Yash ima,  2004) .   

5 Requirements  for mul tispectral  image formats  

One of the  fi rst actions  of TC 8 -07  was  to  establ ish  a  l i s t  of des ired  cri teria  for a  mu l tispectral  
image format.  The  requ irements  are  categorized  i n to  four groups,  "basic" ,  "h i gh l y desirable" ,  
"n ice  to  have" ,  and  "optional " ,  depend ing  upon  the  importance  of each  i tem .  Table  1  
summarizes  those  cri teria.  Al though  the  requ i rements  depend  on  the  appl ication ,  the  
requ irements  shown  i n  Table  1  assume generic appl ications,  particu larl y scien ti fic use  or R&D  
purposes,  rather than  industria l ,  speci fic -purpose  systems.   

I t  i s  necessary that  the  mu l tispectral  image  data  shou ld  be  usable  i n  various  types  of 
operati ng  systems (p latform  independent)  and  royal ty free  to  a l l ow the  exchange  of data  for 
not on l y commercial  appl ications  bu t a lso  experimen tal  or scien ti fic  purposes.   

I n  most mu l tispectral  appl ications,  h i gh  accuracy is  requ ired ,  so  images  wi th  many channels ,  
many p ixe ls,  many b i ts ,  and  large  s ize  must  be  stored .   

Image compress ion  i s  therefore  essential  for mu l tispectral  image appl ications,  as  the  s i ze s  of 
data  fi l es  wi l l  be  much  l arger than  those  of conventional  grey scale  and  colour images.  S ince  
the  technolog ies  of mu l tispectra l  image compress ion  are  sti l l  under development,  both  
l ossless  and  l ossy compress ion  methods  wh ich  act i ndependentl y for each  channel  are  
categorized  as  being  of the  h ighest importance.  As  the  important appl ications  include  spectral  
measurement,  i t  i s  a lso  h igh l y des irable  to  have  the  capabi l i ty to  store  uncompressed  data.  
Other advanced  compression  technolog ies  are  categorized  as  being  of l ower importance  or 
not i ncluded .   

I n  scien ti fic  appl ications,  mu l tispectra l  images  are  sometimes  captured  by uncal ibrated  
devices  and  the  cal ibration  i s  done  us ing  the  wh i te  and  black images.  I n  such  cases,  i t  i s  
necessary to  store  raw data,  such  as  naked  camera  output,  dark current b ias  values  and  
camera  gain .  I t  i s  a lso  conven ient to  store  g eometric reg istration  i n formation  i nclud ing  a  p in  
cush ion  model  a long  wi th  a  gri d  of reg istration  control  poin ts .  I n  some measurement 
appl ications,  absolu te  rad iometric  values  are  requ i red ,  and  the  un i ts  of measurement need  to  
be  i ncluded  i n  the  data  format  after ca l ibration .  However the  un i ts  of data  are  not a lways  
necessary,  for example,  when  a  target image  is  captured  a long  wi th  reference  image  data,  
such  as  gd , k(fbk)  and  gd , k(fw)  i n  Eq .  (5) ,  and  a l l  datasets  are  stored  for la ter ca l ibration  
process ing .  I n  a i rborne  and  satel l i te  imag ing  appl ications  geolocation  i n formation  is  a lso  
necessary.   

I n  many cases,  i t  i s  necessary to  reconstruct  a  con tinuous  spectrum  from  mu l tispectral  pixel  
data.  I f l i near reconstruction  is  employed ,  as  i n  Eq .  (6) ,  the  reconstruction  matrix  i s  requ i red  
a long  wi th  the  mu l tispectral  data  of each  pixe l .  Then  the  con ti nuous  spectrum  can  be  eas i l y 
reconstructed  by j ust  mu l tip l ying  the  channels  by the  matrix  M.  For th is  purpose,  the  
reconstruction  matrix  shou ld  be  stored  i n  the  metadata  of the  mu l tispectral  image  fi le .  Th is  i s  
a  conven ien t method  for i ndustria l  appl ications.  Another re levant consideration  is  compatib i l i ty 
wi th  conventional  RGB-based  systems,  so  that the  fi rs t three  channels  i n  the  image fi l e  can  
be  d i rectl y employed  i n  conventional  systems,  wh i l e  a  mu l tispectral  image  can  be  
reconstructed  by read ing  a l l  the  data  (H i l l ,  1 998) .  Such  functional i ty can  be  stra igh tforward l y 
implemented  i n  BSQ mode,  wh ich  u ti l i zes  a  pl anar packing  of image  data.   

I t  i s  better i f the  mu l tispectra l  image  fi l e  con tains  in formation  about the  spectral  
characteristics  of fi l ters  or sensors,  as  such  i n formation  is  usefu l  for understand ing  the  
mean ing  of the  image  data  or des ign ing  spectral  reconstruction  methods.  

Functions  that are  conven ient for some appl ications  but not mandatory are  categorized  as  
"optional "  i n  Table  1 .  These  functions  include  encod ing  image data  i n  terms  of colorimetric  
va lues  under an  arbi trary i l l um inan t or ou tpu t device  s ignals  for spectral  d isplay or spectral  
prin ters.   
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Table 1  – Requirements for a spectral  image format 

Basic 

Platform  i ndependent  

Loss less  compression  (ZIP,  LZW,  etc. )  

Lossy compression  (JPEG,  Wavelets,  etc. ) ,  i ndependent for each  channel  

Geolocation  in formation  (e. g .  l ati tude  and  l ong i tude  of the  corner pixels)  

H igh  Accuracy:  many channels,  many p ixels,  many b i ts  

Abi l i ty to  store  raw data  such  as  naked  camera  outpu ts,  dark curren t b ias  values,  
camera  gain  

Uneven ly-sampled  spectral  i n terval  

Royal ty free  

F i l e  s ize  l im i tation  

Arch iving  Appl ication  (detai l s)  

Highly desirable  

Abi l i ty to  store  uncompressed  data   

Geometric reg istration  i n formation  i nclud ing  p i n  cush ion  model  a l ong  wi th  a  g rid  of 
reg istration  con trol  poin ts  

Possib i l i ty to  s tore  company speci fic  in formation  (nati ve  tags)  

Storage  compatible  wi th  L*a*b*,  RGB poss ib le  (e.  g . ,  L *,  a* ,  b* ,  ch4,  ch5,  ch6,  . . .  )  

Reconstruction  matrix s tored  as  part of the  fi l e  format  

S imple  usage,  easy spectral  reconstruction  (e. g .  j ust mu l tip l y the  channels  by a  
matrix i n  order to  yie ld  the  spectra)  

Al l  i n formation  i n  one  fi l e  

Un i ts  of the  data  (e. g .  reflectance  (per cen t or one)  or rad iance  (watts  per square  
metre,  etc. ))  

P lanar packing  avai lable  

I ndustrial  Appl ication  (s imple  reconstruction)  

Nice to have  

Spectral  characteristics  of fi l ters ,  sensors,  etc.  

D i fferen t ways  of channel  storage  

Abi l i ty to  store  outpu t device  data  

Optional 

Image  data  can  be  represented  i n  terms  of encoded  colorimetric values  under 
arbi trary i l l um inant  

Image  data  can  be  represented  in  terms  of d isplay device  s ignal  

The  tone  curve  of each  channel  can  be  e i ther l i near or not (wi th  the  curve i ncluded)  

Non l inear b i t  encod ing  avai l able  

Spatia l  subsampl ing  ( independent for each  channel )  

dark noise  i n  each  channel  (and  the  m anner i n  wh ich  i t  was  determ ined)  

API  l ibrary avai lable  

Storage  of arbi trary colour management function  

6 Candidate formats  

Cand idate  a lgori thms that were  i n i tia l l y brought  forward  for consideration  were  TIFF,  GeoTIFF,  
MUSP/AIX,  N ITF  (National  Imagery Transm ission  Format)  2 . 0,  Natural  Vis ion  Format,  HDF5  
(H ierarch ical  Data  Format 5),  JPEG,  JPEG  2000,  SPB  (SPectral  B inary)  and  E NVI  
(ENvironment for Visual i zi ng  Images) .  A matrix  was  constructed  us ing  these  formats  and  the  
format cri teria.  As  time progressed ,  many formats  were  e l im inated  from  fu ture  consideration .  
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The  remain ing  cand idates  are  JPEG  2000  (an  i n ternational  standard),  Spectral  B inary fi le  
format (a  s imple  format from  Fin land),  Natural  Vis ion  format (a  native  format from  Japan),  and  
the  mu l tispectral  Image fi le  format AIX (a  nati ve  format from  Germany)  (J etsu  et a l . ,  2005) .  
The  speci fication  of JPEG  2000  i s  avai lab le  from(ISO/I EC/ITU  2004a ;  I SO/I EC/ITU  2004b).  
The  complete  documentation  for the  Spectra l  B inary,  Natural  Vis ion ,  and  AIX formats  are  
attached  as  annexes  to  th is  report.  The  detai ls  of these  formats  are  described  i n  the  fol lowing  
subclauses.  

6.1  JPEG  2000  

General Description of JPEG 2000 

JPEG  2000  ( I SO/IEC/ITU  2004a;  I SO/IEC/ITU  2004b)  is  an  advanced  s tandard ized  image 
format wi th  a  cod ing  system  developed  to  serve  appl ications  " i n to  the  next m i l l enn ium . "  I t  was  
developed  by the  J oin t Photograph ic Experts  Group  and  was  approved  as  an  I SO  standard  i n  
Dec.  2000.  JPEG  2000  addresses  areas  where  earl i er standards  fa i l ed  to  produce the  best  
qua l i ty or performance  such  as  i n  h igh-compression  ratios  or image  scalabi l i ty.  I t  a lso  
provides  capabi l i ti es  to  markets  that previo usl y had  not used  compression  (e. g .  med ical  
imag ing) .  JPEG  2000  provides  an  open  system  approach  to  the  storage  and  transm ission  of 
imagery.  Image data  are  stored  as  wavelets  and  metadata  are  stored  in  XML.  

Old  compression  parad igms  pu t a l l  the  choices  on  the  encoder end  of the  imag ing  process.  
The  JPEG  2000  standard  a l lows  choices  on  the  decod ing  end ,  i ncl ud ing  image resolu tion ,  
s ignal -to-noise  fi del i ty,  visual  fi del i ty,  target  fi l e  s i ze,  l ossless/lossy,  reg ion -of- in terest,  and  
ti l es.  I n  fact,  the  JPEG  2000  standard  on l y speci fi es  a  decoder and  b i t -stream  syn tax.  S ince  
the  s tandard  i s  i ssued  i n  several  parts,  the  user shou ld  be  aware  that any particu lar 
implementation  may not comply wi th  a l l  parts .  

JPEG  2000  features  and  benefi ts  i nclude  the  fol lowing :  

1 )  Improved  compression  efficiency (estimated  5  %–30  %  better than  conventional  JPEG  
compress ion  depend ing  on  the  image s i ze  and  bi t  rate)  

2)  From  lossy to  l oss less  compression  (provid ing  a  selectable  qual i ty l evel  based  on  
requ irements)  

3)  Mu l tip le  resolu tion  (provides  end -user selectable  qual i ty)   

4)  Embedded  b i t-stream  (provides  progress ive  decod ing)  

5)  Reg ion  of i n terest cod ing  (reduces  the  amount of data  that must be  decompressed  when  
on l y a  smal l  area  of the  image i s  of i n terest)  

6)  Error res i l ience  (helps  ensure  no  loss  o f data)  

7)  B i t  stream  syn tax (g ives  qu ick access  to  any reg ion  or componen t of the  image)  

8)  H igh  fi del i ty based  on  options  for l arge  numbers  of spectral  components,  h igh  b i t  depth ,  
and  l oss less  compress ion  

9)  D iscrete  wavelet transform  wh ich  provides  the  fol lowing  benefi ts :  

  Mu l tip le  resolu tion  represen tation  (provides  end -user selectable  qual i ty)  

  Lossless  representation  wi th  i n teger fi l ters  (for h i gh  fi del i ty)  

  Better decorre lation  than  D iscrete  Cos ine  Transform  (DCT),  resu l ti ng  i n  h i gher 
compression  efficiency ( i ncreases  compress ion  ratio  at a  g iven  qual i ty l evel )  

  Frequency band  decomposi tion  where  each  subband  can  be  quan ti zed  accord ing  to  i ts  
visual  importance  (optim izes  compression  for human  visual  system)  

S ince  i ts  i n troduction ,  JPEG  2000  has  s lowly been  ga in ing  acceptance  i n  various  imagery 
user communi ti es.  Of particu lar note  are  the  d i g i ta l  cinema,  med ical ,  and  remote  sensing  
communi ties,  wh ich  have  al l  embraced  the  new technology.  JPEG  2000  i s  a lso  being  used  in  
document and  cu l tural  preservation ,  e . g .  the  Un i ted  States'  and  J apanese national  arch ives  
are  being  d ig i ti zed  and  converted  to  JPEG  2000  format.  JPEG  2000  a lso  extends  to  video and  
3-D  compress ion  (being  used  by the  med ical  i ndustry to  get greater compress ion  ratio).  The  
h igher complexi ty of JPEG  2000  has  been  a  d rawback to  i ts  acceptance  for commercia l  d ig i ta l  
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camera  appl ications,  where  JPEG  DCT is  perfectl y adequate.  Communi ties  that have  
embraced  JPEG  2000  technology typical l y deal  wi th  more  complex imagery (e. g .  mu l tispectral )  
where  the  advantages  of JPEG  2000  ou tweigh  the  added  complexi ty.  

JPEG 2000 vs.  CIE Established Requirements  

The fol l owing  describes  how JPEG  2000  performs relative  to  each  of the  format requ i rements  
establ ished  by the  CIE  committee.  

Basic  

  P latform  i ndependen t:  Works  across  a l l  computer p latforms.  

  Loss less  compress ion :  Yes.  

  Lossy compress ion :  Yes,  no  compress ion  l im i t.  

  Geolocation  in formation :  Yes.  

  H i gh  accuracy:  channel  l im i t (1 6  384  channels) ;  p i xel  l im i t ((2 32  −  1 )*(232  −  1 )) ;  b i t  l im i t 
(38  bi ts/pixel ) .  

  Abi l i ty to  store  raw data:  Yes.  

  Uneven ly-sampled  spectral  i n terval :  Yes .  

  Royal ty free:  Yes .  

  F i l e  s ize  l im i tation :  264  bytes .  

  Arch iving  appl ication :  I n tended  for arch iving  as  wel l  as  transm ission .  

H igh l y Des irable  

  Geometric  reg istration  i n formation :  Reference  gri d  +  grid  for each  band .  

  Possib i l i ty to  s tore  company-speci fic i n formation  (native  tags):  Nati ve  tags  can  be  
created  in  XML format.  

  Storage  compatib le  wi th  L*a*b*,  RGB:  Any spectral  represen tation  of the  data  is  
poss ib le .  

  Reconstruction  matrix:  Can  be  stored  in  metadata .  

  S imple  usage,  easy spectral  reconstruction :  Yes.  

  Al l  i n formation  i n  one  fi l e :  Yes.  

  Un i ts  of the  data:  Can  be  stored  i n  metadata .  

  P lanar packing  avai lable:  Can  be  packaged  band -by-band  or any other way.  

  I ndustrial  appl ication  (s imple  reconstruction ):  Free  J ava  viewers  can  read  and  
reconstruct.  

N ice  to  Have  

  Spectral  characteristics  of fi l ters,  sensors,  etc. :  Can  be  stored  i n  metadata .  

  Channel  s torage:  Components .  

  Abi l i ty to  store  outpu t device  data:  Can  be  stored  i n  the  metadata .  

Optional  

  Image  data  can  be  represented  in  terms  of encoded  colorimetric va lues  under arbi trary 
i l l um ination :  W i th  use  of ICC profi l es,  th is  can  be  accompl ished  wi thout  mod i fying  the  
orig inal  data.  

  Image data  can  be  represented  i n  terms  of d isplay device  s ignal :  Wi th  use  of I CC 
profi les ,  th is  can  be  accompl ished  wi thout mod i fyi ng  the  orig inal  data.  
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