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p hotog rap hic d ocumentation to  
d e te rmine  the  ap p earance  of an 
artwork in the  p ast?
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Context
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Historic Photog rap hic Docume ntation

• Film d ocume ntation of
p ainting s was 
wid e sp read from the
1960s until the d ig ital 
re volution

• Diffe re nt film stocks
have d iffe re nt 
chromog e nic p roce sse s

Kod ak Ektachrome film (1995)

Junger Prole tarie r (1919), b y 
Paul Kle e , Ze ntrum Paul Kle e

Dig ital imag e  (2005)

Ciortan, I. M., & Trump y, G. (2024, Ap ril). 
FILM2PAINT: Transforming  Photog rap hic
Documentation on Reve rsal Film into Painting s’ 
Accurate Colors. In Archiving  Confe rence (Vol. 
21, No. 1, p p . 17-22). IS&T 7003 Kilworth Lane , 
Sp ring fie ld , VA 22151 USA: Socie ty for Imag ing
Science  and  Technolog y.
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Historic Photog rap hic Docume ntation

• Diffe rent films, 
(slig htly) d iffe rent 
colours

Coloraid It-8 on Ag faRSX Coloraid It-8 on Ve lvia, Astia, Se nsia

Ciortan, I. M., & Trump y, G. (2024, Ap ril). FILM2PAINT: Transforming  Photog rap hic Documentation on Reve rsal Film into Painting s’ Accurate Colors. In Archiving  
Confe rence (Vol. 21, No. 1, p p . 17-22). IS&T 7003 Kilworth Lane , Sp ring fie ld , VA 22151 USA: Socie ty for Imag ing Science  and  Technolog y.
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Historic Photog rap hic Docume ntation

• Prior to the 1980s, d ie s 
we re more fug itive

• And   co lo ur co ntro l
p a tche s we re not ye t
stand ard ize d

• Thus, not re liab le  e noug h
for p e rforming color 
corre ction (Leao A.)

Dig ital Imag e  (2017)Kod ak Ektachrome (1971)

Loss of 
cyan 
d ye

Leao, A. C. (2011). Restauração cromática digital de 
fotografias em filme a partir da cartela Kodak Q-13: Estudo 
de caso do acervo do Projeto Portinari. 

The  Scream (cca. 1910) b y Ed ward  
Munch, Munch museum
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How to  d e sig n the  Film2Paint transformation?

Case  1: re lying  on the  
co lour contro l p atches in 

the  film

Case  2: re lying  on 
conse rvation stud ie s that 

show what chang ed
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Case  1: Colour Contro l Patches

• Refe rence  sp ectral measurements (from 1989) b y 
Rob in Myers 

Kod ak Color Contro l Patches, sp ectral measurements 
http s:/ /www.chro maxion.co m/information/kod ak_co lor_contro l.html

Junger Prole tarie r (1919), b y 
Paul Kle e , Ze ntrum Paul Kle e

Kod ak Ektachrome film (1995)
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• Arrows from the  film colours
to  the  re fe rence  measured  
colours, for the  Kod ak 
contro l p atches
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Transformation mod e ls

• Base line : look-up  tab le  and  first-ord e r p o lynomial (3x3 
matrix)

• Poly2D: Second -ord e r p o lynomial
• Poly3D: Third -ord e r p o lynomial
• NN: Shallow feed  forward  neural ne twork 
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Colour corre cted  
film

Base line Poly2D NNPoly3D

Not corrected Test Klee 14.08 
Baseline Train 4.91 
Baseline Test Klee 12.5 
NN Train  0.80 
NN Test Klee 11.17 
POLY2D Train  3.34 
POLY2D Test Klee 13.36 
POLY3D-Train 2.69 
POLY3D- Test Klee 11.93 

 

Dig ital 
scan of the  
p ainting  
(2005)

Averag e  
color 
d iffe rence
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Colour d iffe re nces wrt d ig ital scan of the  p ainting
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Possib le  conse rvation treatment b e fore  the  d ig ital scan?

Kod ak Ektachrome film (1995)
Dig ital imag e  (2005) NN corrected  film
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Case  2: transformation 
informed  b y conse rvation 
stud ie s 

• Conse rvation scie ntists d e te cte d  co lo r chang e s 
in areas that corre sp ond  to  ce rtain p ig me nts 
(ve rm ilio n  and  cad m ium  ye llo w )

• The n with e le me ntal analysis (Macro  X-Ray 
fluore sce nce ), the  corre sp ond ing  p ig m e nts we re  
id e ntifie d  and  map p e d

• Re sulting  in a map  of p oints in the  p ainting  that 
have  chang e d

The  p ainting  The  Scream (ca. 1910) 
b y Ed vard  Munch, Munch muse um

Cartechini, L., Sand u, I. C. A., Rosi, F., Grazia, C., Monico , L., Romani, A., De  Fre itas, R. P., God zimirska, M., Chan, E., 
& Land ro , G. (2019). The  “Scream” b y Ed vard  Munch (1910): Non-invasive  integ rated  sp ectroscop ic investig ations 
of the  p ainting  mate rials. Ma-XRF Confe rence , 1(2).
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Map  of chang es

Cad mium Ye llowVermilion
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Use  the  p a in t ing  a s re fe re nce
• Chang e s occurre d  in:

– Areas that ove rlap  with se nsitive  p ig me nts
– And  b ottom le ft corne r

• The  re st  chang e d  ve ry little

Map  of chang e d  areas in the  p ainting

Ciortan, I., Trump y, G., Sand u, I., & Bjørng ård , H. (2023). The  Scre am (ca. 1910) throug h the  Ye ars: from Photog rap hic Docume ntatio n to  Sp atio -Te mp oral Mod e lling .
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Use  the  p a in t ing  a s re fe re nce

• Use  the  un-chang e d  a re a s as re fe re nce
anchor p o ints…

• …to comp ute  a film -to -p a in t ing  
transfo rm atio n…

• …b e twe e n the  last d ig ital scan of the  
p ainting  in 2017 and  the  1971 film

Stab le  areas in the  p ainting  b e come  
anchor p oints

Ciortan, I., Trump y, G., Sand u, I., & Bjørng ård , H. (2023). The  Scre am (ca. 1910) throug h the  Ye ars: from Photog rap hic Docume ntatio n to  Sp atio -Te mp oral Mod e lling .
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Imag e  cap ture
• The  film was scanned  with a transmittance  

hyp e rsp ectral imag ing se tup
• The  p ainting was p reviously cap tured with a 

re fle ctance hyp e rsp e ctral imag ing se tup
(Cartechini e t al.)

• Co lo r im ag e s we re ob taine d b y inte g rating
the re fle ctance sig nal for D65 stand ard
illuminant and  CIE 1931 stand ard ob se rve r

• The  film and  d ig ital imag e  were  g eometrically 
alig ned  and  reg iste red

HySp e x VNIR-
1800
cap ture s 186 
sp e ctral b and s 
for e ve ry p ixe l.

The  films we re  
b acklit b y a 
halog e n lig ht 
source .

While  move d  
b y a 
translational 
stag e .

Transmittance  imag ing  se tup

Cartechini, L., Sand u, I. C. A., Rosi, F., Grazia, C., Monico , L., Romani, A., De  Fre itas, R. P., God zimirska, M., Chan, E., & Land ro , G. (2019). The  “Scream” 
b y Ed vard  Munch (1910): Non-invasive  integ rated  sp ectroscop ic investig ations of the  p ainting  mate rials. Ma-XRF Confe rence , 1(2).
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Pre -p rocessing  
ste p

• Ad justment of the  
sp ectral d ensitie s 
of the  d yes so  
that they match 
the  orig inal 
concentrations

Chatte rjee , S., Trump y, G., & 
Rued e l, U. (2023). Dig ital 
unfad ing  o f chromog enic film 
informed  b y its sp ectral 
d ensitie s. He ritag e , 6(4), 3418-
3428.
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Film to  p ainting  transformation using  NN
1971 film showing  the  loss of cyan d ye Afte r the  co lor transform, the  film 

re se mb le s more  the  p aintingPainting  2017
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The  corre cted  1971 film
Film 1971 corre cte d ΔEStab le  areas in the  p ainting  
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Conclusions  
• Method s from trad itional co lor manag ement 

can b e  ad op ted  to  imp rove  the  accuracy o f 
analog ue  re cord s o f p ainting s

• The  co lour contro l p atche s used  in analog ue  
p hotog rap hy are  re liab le  as re fe rence  only to  
a ce rtain extent

• Mate rial characte rization and  ag ing  analysis 
can p rovid e  the  re fe re nce for co lor correction

• Potential limitations in ove rcoming  d iffe rence  
in g eometrical and  op tical se tup s (for 
examp le , focus) b e tween the  film and  d ig ital 
cap tures

Is it p ossib le  to  use  analog ue  
p hotog rap hic d ocumentation to  
d e te rmine  the  ap p earance  of an 
artwork in the  p ast?
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