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Digital Dye Transfer-Work in Progress 

By Sharon Brazil and Bruce Richardson 

hrolllax, Inc., an K&D colllpally. Ch n\ ,' experimented with a digital 
iiiibibition system (DIBS) that exposes 
matrix film through the use o f  digitnl 
imaging l'ilin recorders (cathotlc ray 
tube and laser) aiid li)und that it is pos- 
sible to elcctronically, instead o f  opti- 
cally ancl cheriiically. control color bal- 
ance. A digital system permits cus- 
tomizing the contrast curves, crossovcr 
cffccts, antl tonal reproduction before 
printing. It also provides a way o f  prc- 
viewing iningcs originating I'rotri f i lm 
negative. positive, l,lack-~iti~l-white sep- 
arations. o r  digital liles; and by ;ipply- 
ing look-up-tables ( I  .U'Ts) dgorithins 
to the image tiles. i t  ollows previsualiz- 
ing the print on ii color-calihr:itcd mon- 
i t o r .  'l'hc digital controls iillow for 
i m age iii ii t i  i pu I at i o 11, re s t o r a  t i o 11. and 
t i  ti1 i ng i n the digit ii I do  111 a i n be fore 
exposing the matrices from which dye 
prints arc irinde. 

Digital Dye Transfer System 
The patented DIBS process (U.S .  

Patent No.  5.574.659) provides ii  print- 
ing system that enhances the inherent 
advantages of dye tniiisl'er. I t  applies 
recent developmcnts in  digital iiiiagitig 
to iiiaiiipulatc clectronicnlly sc~iiined or 
generated images t o  create edited digi- 
tal image files. These ciin t h e n  he 

rccortlcd onto matrix film to control the 
color rendition 01' dye transfer prints. 
The D113S systciii yields an extcndcd 
tonal scale with blacker blii 
whiter whites. resulting i n  
tlynnmic range. 

In digital IR printing, the positive 
matrix separations (cyan, riiagenta. and 
yellow) ;ire muck with a film recorder 
exposing the image o n  matrix film. 
After processing, the image (on the 
matrix film) exists i n  the foriii of ;I 

gclotin relief, consisting of a thrcc- 
d i rile t i  s i on ii I topography of hi 11 s i ind 

valleys, the relief ( o r  thickness) of  
which is proportional to image density. 
During the printing procedure, the 
matrix film is soaked in dye, rinsed t o  
re 111 ove sit r face c o l ice n t r a t  i o ns, ii nd 
brought into registered contact with :I 
iiiordiiiited bl ;in k f i  I t t i  stock ( mordaii t 
chemistry hiis ulreacly been incoipornt- 
ed into the filiii emulsion during iiiaiiii- 

facture). 'Ihc dye diffuses lroni the 
matrix f i lm into the blank to form ii 

imngc; ii colored picture 
ftcr the third dye is transferred 

from the matrix film to the b l a n k  
receiver. 

Color Processing Methods 
In the early history of printing color 

rri or i on pic t 11 r e  s . v a r i o 11 s systems 
offcrcd commcrcinl methods o f  process- 
ing release prints i n  color. I n  the IWk, 
the Technicolor name became synoiiy- 
iiioiis with "glorious color" antl became 
the industry standnrd with :I thrcc-color 

dye tnuisfcr pi-occss. Traditional dye 
transfer printing was displaced i n  the 
1970s by ;I mechanically simpler color- 
coupleil process, still in use today, 
whereby dye precurxors iiicorporatcd 
into the filni during mriiiiifucturc arc piit 
t hro ti g h v ar i oit s rciic t ions clu ring the 
tlevelopnient proccss to yield images 
d i I-cct I y c m LI I s  i o i l .  

(Tech t i  i col or has recent I y rev i vet1 their 
traditional dye translct- process. where- 
by thrcc optically exposed matrices are 
printed o n t o  blank f i l m  to form an 
i magc. much like I ithographic printing ). 

A It hou  g h co t i  vcn t i oi1; i  I col or-co LI- 

pled processing has not  changed appre- 
ciatively for the past few dcc:idcs. post- 
prod i t  c t i o n hiis iii o v ed r a p  i d I y i n to 
reliance on digital imaging. and film 
sc ;in n i ng antl record i n g tcc hno I o g  i es  . 
There is currently an urgent need f o r  
reconciling the c m r d  methods o f  digi- 
tal  post-protltrctioii with the optical. 
rnec hnn ical , and chcm ical controls wed 
by film laboratories. An emerging c u -  
tiire now tlemands bcttcr image qiiality 
and cliiantifinblc standnrds to establish ;I 
m o re tl i re c t i ii t e r fac c be t w e e n post 
houses and labs. 

Innovative technology, therefore, is 
critical t o  integrate digital and film 
tech no I og ics . LJ nde rst andn b I y . post - 
pi-ocluction needs ;I system that is tcch- 
n i c n I 1 y 111 an age ab I c w h i I e add rcss i ng 
sclicdu I i ng. qua1 ity. and price iletnands. 
A digital dye transfer system presents 
an opportiioity to achieve this scairiless 
intcrfxc.  I t  also offers better image 
qtinlity, greatcr tcchnical controls, sim- 
plified processing, fewer intermediate 
steps. and archival perniancncc. What's 
not to like? 

Comparative Advantages 
TIic DlRS process offers distinct 

idvantages with features and benefits 
no t  present with conventional color-- 
coupled o r  tl.nditional dye transfer pro- 
cessing. A digital systcni combines the 
attributes of 1B printing and applies 
recent devclopinents i n  digital image 
manipulation Iscanned negative, posi- 
tive, iiiastcr separations, or  computcr- 
generated iiiiage files ( C G I ) ]  and 
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rlectroriiechniiic~il feedback systems t o  
control the color rendition o f  dye trans- 
lirr prints. When comp;iretl with color- 
coupled technology iiticl traditional dye 
transfer printing. the digital system 
oll‘ers unirltic control over the dynamic 

digital color crossover corrections, non- 
I i near i t y . t i  iii i 11 g , ;I nd previewing o I’ 
iiiiagcs. T h c  digital l i n k  also permits 
designing Hurter ;itid Drifficld (HKLI)) 
Cllrves to control the color shoulder, 
slope, and toe indcl>ciideiitly. 

In coiiipiirison with traditional opti- 
cal dye transfer printing, the udvantage 
of it digital system is the elitiiiii~itioti of 
the generat ionnl  losses t-csiiltitig from 
numerous optical steps. Digitally gcn- 
era t e d 111 a t  r i x sc p x ; i  t i o n  s avoid t ti e 
contrast. grain, and shqxicss probleins 
i t i  cornpiirison with opt iciilly cxposcd 
matrices by eliminating the interiiiedi- 
ate processing stcps [ intermediate p i -  
t ivcs and negatives ( I P S  and INS,  
respectively) m d  masking1 between the 
ciiiiicr;i original and the matrices. In 
it d d i t i o 11, se pa rat  i o ii 111 ;it r i c c s o 11 t p LI t 
with a digital f i l i i i  recorder require oiily 
one matrix filnistock m c l  ;I monochro- 
matic sotircc of  cxpos~tre (i.e.. ii recl- 
laser film recorder can be used t o  
expose rccl sensitive m;itrix f i l t i i  with 
the cyan image separation record; a 
second length of red-sensitive matrix 
l‘ i lni  can then be exposed with the 
niagetita record, atid ;I third with the 
yellow). By way of comparison, tracli- 
tiotial optic:il dye transfer processing 
LMS three matrix filmstocks o f  tlil‘lirrcnt 
spectral sensitivitics exposed through 
corresponding separation filters o f  an 
optical printer that introtluces variables 

c LI 1 1 a11 (1 c 11 Ill be 1x0 I l lC to 
control. 

A digital dyc system greatly simpli- 
f‘ics process i rig o pcra t i oil s . w hci-cus 
both color-coupled atid traditional dye 
transfer proccsscs involve soundtrack 
negatives, optic;d exposures, ~ i i i t l  pro- 
cessing 01’ silver liulirle rclcasc print 
filiiistocks. The DIBS process, liowcv- 
cr. LitiliLcs digital sourirltrtick records t o  
expose the soundtrocks onto the matrix 
fi I n 1  with the saiiie Inscr fi I ti1 recorder 

sc the im;igc separations. 
ind iriiagcs iirc then siriitrl- 

tancoiisly printed onto nonsilver blank 
receiver. The use of nonsilvcr filmstock 
significantly rcduccs the cost of high 
voluiiic release pi-int stock. antl climi- 
nates pretraiisfcr processing. 

r;ttige ttntl color g:inlLtt o f  pl.ints through 

A digital dye transfer print is cqxiblc 
of  ii larger tlynaiiiic range (0.03 to S.0, 
- I 6  stops) t h m  a color-coupled print 
(0. IS to  3.4. - I0 stops); the minimum 
density of :i dye print is theoretically 
the density o f  the clear blank stock. antl 
the iii;ixiiiiittii density can reach vdues 
of 5.0 due to the high concentrations o f  

let- printing offers the ability to dter the 
color gatiiut o f  the reproduction by 
using different clyc combinations. an 
option not prcsent in color-coupled l‘iliii 

printing. Another advantage is the per- 
iiiaiieiice of the clyc print that is due, in  
part, to the stability of the dyes them- 
selves, atid in  part to the simpler chemi- 
cal processes o f  dye trLulsfer that leave 
few residual contaminants in the print. 

Test Experiments 
The p~ t rpose  of the t e s t s  was to 

tletiionstnitc the ~ i se  of digital exposing 
tec ti 11 i qites be fore procc ss i n g 3 5 iii iii 
and 7~) l i i l i i  dye  transfer prints. 
Experiiiients wcrc organized ;iround the 
use of digitally scanned images record- 
ed onto blue-sensitive inatrix film stock 
with ii cathode ray tube (CRT)  film 
rccorder. 

Most  images were s h o t  on Kodak 
Ektar I S 0  35 with ii  3 S ~ i i ~ i i  still cii1iierii. 

Khythm K L  I-Iucs Studios scanned the 
images. made custom LUTs. and outpiit 
the 351iiiii matrix sepitriltions on ;I 

Man;igeriient Graphics Film Recorclcr- 
Cine 1 1 1 .  The images wct-c then refor- 
innttccl to hSmm antl outpiit using an 
MSM 6Snini niultiformnt caiiietx on ii 

Ci tic I I I recorder. 
Film tests were conducted using 

K od a k ’ s c x pc r i iii c ti t 31 tl y e t rii t i  s fc r 
matrix and blank sto  
base. also in use by l’echnicolor. Of 
the thrcc matrix (red, green. and blue 
setis i t i ve) fi I m s tock s forin ti I ;I tcd for ;I t i  

optical process. the blue sensitive wiis 
selected tor these tests because of its 
higher speed, which i i l l ~ w c d  CKT 
cxpositt-es. Recousc notic of the I‘iIni 
saniplcs were available, however, i n  
7 h i  Ill 111 at ri x atid rcce i v i 11 g bl it n k, 
Cliroiiiax slit and pcrlkd the stocks in- 

7-ill. web rolls. [During previoLts tests 
wheri riioclcrn f i l n i  s tocks  were 
it 11 avai I able . C‘liroiiiax made its ow ti 
t i  In1 coatings s y 11 t hes i zed mord:int s. 
did cxperiiiientnl test draw-clowns of 
eiiiulsion coatirigs. u i d  had final test 
coatings donc at Anitek ( a  division o f  

dye that c;iti be tr;l~isfeITecl. Dye IrLitis- 

house (35 ,  6s. Uld 7~)tll l l l)  fl~Otl1 5 L l l l d  

I 11 tc r t i  ;I t i o t i  a I l’a pe I. i n B i t i  g h ii iii ton , 
NY ). 

Pi-elitiiinnry sclcctioiis of dyes were 
andyzed through the w e  o f  ;I f lcwlctt 

trophototiictcr ( 3 0 0  to 800 11111 range 
with 10 11111 resolution). Ilyes were 
selected on the basis of their color 
purity, spectral crossover charnctcris- 
tics , stab i I it y . pe r iii Line nce . ;I ntl co 111- 
pntibility with process chemistry and 
filnistocks. Step wedge cxpos~tres were 
iiscd to determine the sensitivity of the 
film stocks and gave preliiiiinary data 
for  crca t i ng Lll‘l’s. C i t  s tom process 
chemistry involved thc formulation of 
tlevclopcrs. rinses, atid washes. 

Final dye truisfcr printing was tloiir 
via ;i mcc1i:iiiizetl Inboratory system for  
3Smm and 7Omm. The challenge i n  
perfortiiing the prototype mechanicul- 
c 11 e m i c ;I I process i t i  g i n s t o 13- iii o t i o t i  

wiis sitiiilar to flight testing an !;-I4 iii 

ii garage, when it should have been ii 

tlynaiiiic physics process occurring in  ii 
c I osc d e 11 v i 1 0  11 iii e t i  t w i I 11 co t i  t i 11 UOII s 
feed huc k c o  11 t r o  I s . W ti ;I t a p p c m  ii  t 
first glance t o  be ii straightforward 
chem icnl process combi tied with I i t ho- 
graphic iiicclinnical priiiling is in  fact 
iiiore akin to applied physics tloniinat- 
cd by close tolerances in registration. 
tc m pc rature, c hei ii icn I i 11 tcrxc t ion s. ;I nd 
digital controls. 

Operations 
T h e  C h ro tiia x test liw i 1 i t  y rcsciii hl ed 

;I Iahol-atory inspired by Jules Vcrnc. In 
a iiiultipurposc garage (iised as ;I cliciii- 

istry lab, machine shop, plioto-lab/tl;irk- 
r o o i i  1. m d  ccn tral process i iig iircii). spe- 
c i :iI i zed eq ii i p I iicn t was tlcs i g lied ;I nd 
c ti s tom hu  i It i tic I ud i rig ii pnc 11 ti1 a( i c 
f i l m  perl.orntor and mechnnizccl dye 
tratisfcr ccpipiiient. I n  itcldition. ;I con- 
vcntionul film slitter arid 3Smm ultr;i- 
sonic splicer were modificd to iiccoiii- 

modate 111 ti It  i l i l i i i  1i)rmats. 
Tl ic  f i l m  perforator punched ;ill 

3Smm and 701nm t’orm;its (iticluding 
Im:ix). Because acciiratc registr. ‘I I’ ton 
was iiiiportant. the pert’s needed to 
exceed SMPTE stiuidards with an iiccii- 
racy o f  &.OOO? in. cuiiiulative error in 
IS perfs. The t o t a l  cuiiiulotivc error  
was I / l O t l i  allowccl hy SMPTFVANSI 
Stuitlnrcls. (‘l’his task brought to mint1 ;I 

statement iiiaclc by Me1 Brooks. 
“What’s the toughest thing about iiiak- 
ing filtii-putting in  the little holes.”) 

With the use of a tlieriiiost~ttic~illy 

Piic k iird I ~ 1 3 0  I‘;L t 0 ry re se ~i YC h s pc c - 
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controlled prototype transfer board, 
three digitully exposed arid dye-soaked 
matrices (cyan, magenta, and yellow 
dyes) were sequentially laid down on 
the receiving blank. thus creating a 
final positive image. Registration of 
each dyed matrix took place on full-fit 
pins on one edge of the film with travel 
pins on the opposing edge to iicconinio- 
date either 3Smm or 70mrn. With the 
iisc of ii drive system with a gear-motor 
driven ball-bearing lead screw, ii pres- 
su r i zed rol I c  r carriage mec h a t i  i sin 
pressed the dye-soaked matrix into con- 
tact with the receiving blank. The dye 
was then absorbed or imbibed (hence 
the term, imbibition) onto the receiver. 

Test Results 
The DlBS test results demonstrotcd 

the color range a dye system can cap- 
ture from subtle skin toiles to dynamic 
saturated colors arid dense blacks. The 
use of modern film stocks and prccisioti 
ninchitiing helped maintain the consis- 
tency of transfers and accuracy in  rcgis- 
tration to resolve up to 40 line 
pairs/mm. I n  addition, the use of digi- 
tally generated matrix separations 
reduced the difl'iculties and genera- 
t i onu l  effects ( i  . e., con trast , gra i t i ,  

sharpness, and multiple film stocks) in  
comparison with optically exposed 
matrices. 

A variety of test images inclutletl ;I 

U.S. Patent Nov. 12. 1996 

range 0 1  scenes under different lighting 
conditions that exhibited skin tones, 
nietallic surfaces, Christmas otnanients, 
f lowers,  f o  I i age ,  and st ;I rl'i e I tl s . 
Aceitrate color is one of the strengths ol' 
a digital dye system, including bcttcr 
color rendition ( a s  evidenced by hues 
ol' pink, green, and periwinkle), plus 
superior color separation. clear higli- 
lights, a n d  good shadow detail. The 
tests resulted i n  images with ii wider 
color gamut. deep saturated colors, 
blacker blacks. whiter whites, and 
greater dynamic range (0.03 to 4.8, - I h 
stops) thun conventional processing. 

There were limitations, however, in  
using the blue-sensitive matrix and 
C K'I' recorder . The b 1 u c - s c t i  s i I i v e 
matrix proved tl i sappoi nt  i ng bccait se of 
its limited rcsolution nncl pronounced 
grain. ('l'hc blue-sensitive matrix was 
designed for the yellow record. where 
resolution and grain are not critical.) 
AlthoLtgh i t  was thought that the rcd- 
Litid green-sensitive matrix filinstockx 
w o u  Id have sit per i o r  re sol u t i o n  and 
finer grain, the blue sensitive was 
selected due to its higher ISO, which 
allowed exposures with a CIK'I. The 
chief prohlcms encountered with the 
CKT, in addition to the long expos~trc 
time a n d  limited throughput, were 
phosphor blooin atid image drift 
be t w cc n sc para t i o n s . Con sccl i t  e 11 t I y , 
color rri rigi ng was frequent I y iippare tit 

5,574,659 

Figure 1 .  Conventional methods of processing motion picture release 
prints. 

ai-ound ob.jccts due to drift and bloom. 
In certain images, the contrnst wiis 

too high. and highlights appeared 
washed out due to inappropriate curves 
i n  the LUTs. The solution. however, is 
to create new 12LJTs that cxtcnd the 
dynamic range. and redesign the HKtD 
curve to digitally control the shoulder, 
slope, arid toe independently, thereby 
increasing the gamma in  the shoulder. 
maintaining the slope g;ininia, while 
decreasing the gatiinia in  the toe. This 
will produce grcatcr separation i n  very 
dense areas of the image, create nntur- 
i d  - I ook i ng co t i  t ras t i t i  in id range , antl 
distinguish subtleties i n  the highlights. 

Work-in-Progress 
'I'hc present otjective is to  improve 

the resolution, grain. and contrast chnr- 
acteristics of test prints with higher res- 
olution filmstocks and ;I laser Film 
recorder to eli mi natc the bloorn arid 
tl ri f t  prob I c in s ap parcn t i n  pie v i oit s 
C'K'I exposures. Current experiments 
arc being conducted to test the slower 
red- and green-sensitive mntrix film- 
stocks (which are thought to have reso- 
1 t i t  ion and grain characteristics si mi hi- 

to intermediate filiii stock). In addition, 
new soliware and LlJ'l's iirc bcirig cre- 
ated for producing 7~~ l i l l n  digital dye 
transfer test prints. 

In the near future, the devclopmcnt 
of ;I 70min laser recorder will permit ;I 

I Irnagng Computer 
17 I 

Digtal Film Recorder 

Separation Separation 

Master Film Master Film Master Film 

ophd Printer 
22 

Red Matnx 
Film 

Cvan D v e  
Pnnte; 

Figure 2. Chromax DlBS method of processing motion picture 
release prints. 
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Figure 3. Chromax digital imbibition system (DIES) transfer printer. 

direct iiicthod of matrix film exposure 
(Fig. I ) and thereby eliminate interme- 
diate and optical s t e p s .  Because a 
70mm laser recorder is not yet coi11- 
tiierc i a1 I y iiva i lahl e , how c ver , c ti rre 11 t 
tests arc being conducted around an 
indirect method (Fig. 2) through the use 
of ;I 35mm digital (laser) film recorder 
t o  expose VistaVision separation nega- 
tives. An optical printer is then used for  
fomiat conversion to print-up from the 
35 m ni V i s taV i s i o ti scpara t i oris to 

matrix fi lm 
Through andysis o f  the dnta from 

the initial test prints, information is 
then applied to the next iteration of 
LlJTs. Successive laser exposures and 
optical printings are repeated until 
achieving the desired H&D curves. The 
completed 1,IJ'rs arc then tisecl t o  
cxpose a new series o f  test iniages. 

The final step will be the devclop- 
m e n  t o f  a t i  auto  ni at ed con1 iiie rc i ;I 1 
printing system (Fig. 3) clcsignetl as a 

contaiiicd un i t  that is single-story con- 
struction. easy to install, and capable of 
exploiting the advantages of new devel- 
opments i n  technology. I t  will utilize 
noncontuct registration alignment tech- 
niques, currently i n  use for integrated- 
circuit maiiuficturing, continuous fcecl- 
hack systems such as realtinic niicro- 
dens  i t ome  t 1-y to co 11 t ro I 1 1  ow - t h t-u 
cheiii i st ry ad-i us t me tits with nontoxic 
chemistry, and reduced water con- 
sumption. The entire printing process 
will take place i n  a self-containcJ 
clean-room environment provided by 
I he sy s ten1 ' s cnc losurc. 

70lillll 5 perf alld Il1l:lX fOrlllatS 011 

compact (8 x 1 0  x 3s 1.1). niodular, sclf- 

Summary 
A digital dye transfer system coin- 

bines the qunlities of' traditionid dye 
transfer printing with modern digital 
technology. Chroniax has demonstrat- 
ed, through laboratory testing, that it  is 
technically feasible to perl'orm dye 
transfer printing that allows the digital 
inan ipit lation of  images before pri nti rig. 
Digital imaging creates an output cap-  
b i 1 i t y  for elcc t rot1 ical I y o r i  gi ii atctl 
images that bypasses any interinediatc 
stage. Because the digital correction is 

crent i n  range and nature than 
chemical and optical coi-rections trad- 
t ional ly  available, it is possible to have 
inore finely adjusted variables in a dye 
printing system than ever before. 

The D113S system offers distinct 
ad va titages with feat urcs and bcnel'i ts 
n o t  present with conventional color- 
coupled or traditional dye transfer pro- 
cessing. Digital dyc prints are cnpahle 
of more brilliant saturated colors, witlcr 
dynamic range (0.03 to 5.0, -10 stops), 
blacker blacks, whiter whites. greater 
shadow detail, and clearer highlights 
than con ve ti t i o ti ii I re I ease pr i t i  t s . I n  
comparison with triiditional dye trans- 
fer printing, the advantage of ii digital 
systcm is the elimination o f  gcnera- 
tional losses f r o m  numerous optical 
steps. Digitally generated matrix sepa- 
rations avoid increased contrast, grain, 
arid loss 01' shnrpncss i n  coniparison 
with optically exposed inntrices by 
e I i ni i nat ing t he i n tcrmcdi ate process i ng 
steps (It's. INS, masks), thus shortening 
the path between t h e  carncra and 
release prints. 

A digital  dye  systcm off'crs the 

capability to produce a release print ot' 
h igher  quali ty arid permanence .  
Allhough the hnllmnrk of a digital dye 
print is accurate tonal reproduction 
m c l  archival stability, expanded color 
choices also increase the visual iinpact 
for both animation and CCiI images. In 
addition to improved visuul effects for  
t heat rica 1 iiii tl spec i ii I vc t i  uc s ex ti i b i - 
t i o n ,  the advantage of ;I digital dye 
pri n t ' s ex p a n  d c d i m age i n f o r  in at i o ii 
can include 

Better videddigital versatile disk 
(DVD) color cluplication. 

Enhanced high-cletiiiition television 
(HUTV) broadcasting. 

A permanent color record for  film 
librarics. 

A digital 113 system proposes a solu- 
t ion for the quest of the all-digital stil- 
dio t o  create the future :tiid preserve the 
p s t .  
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