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We have above idemified two principal distorions in
rock an photography: that which veeurs in the production
of u photographic record. and that which oceurs subse-

guently, during the archival storage of the record, Most of

the muny processes involved would affect each colaur or
dye uniformly, including 1 in the image of a colour
scale on the phowgraph, The principle of colour calibro
tiom and resconstitution invedves the following hasic steps:

a. Tramstate the photographic record (print, negative, slide,
(ilm. video) oo digital information, This record mus
inchede an imoge of the cabbrstion eelerence deviee
{ie, the colour scale) which has been photopraphed
together with the rock arl subjece.

b Imstruct the compuater toorecall the troe digitd colour
information contained i the reference device and
compare it with that lound en the photographed colour
chips as they appear now, The computer deternines
overall distartion irrespective of source.

c. The computer then compensales for the  disiortion
mewsured o cach  primary colour,  re-constituling

codours as reguired o re-create the known e caloues
i the photographed colour seile,

By extending the swme corrections o the rest of the
e and asswmving that distodion was aniform over
the entiee image surfiwe. the orginal subject colours are
re-consttuled by the same process.

e. The corrected image is then owl-pul o the required

forman {separations, colour pringer, electronic storage),

d

Ab the ome of writing we have conducted twelve cpse
sludies ol calour re-constitution of rock ar imsigery, and
we emphasise that tiis project is Gar fom complete, 'The
min purpese of this puper, apad from explaining the ratio-
nule of the work and presenting preliminary resulls, is w
ensure the earliest passible  dissemination of detailed
recording recommenditions guarantecing the best-possihle
conditions for future colour re-constinution, Many thou-
sunds of TFRAC Srandard Seales have pow been disin-
buwted world-wide, one veur alter the fest cdition of the
Scale was printed, und have hopefully been receivid by ap
e OO rock art rescarchers, However, in oeder o use the
Scale most effectively 10 was necessary and urgenl 1o
canduct a pilor prozram that could determine optimum
conditions ol the Scale’s wse in the feld, We have
succeeded in digial colour re-constitution sisee December
tod, and we are working oo perfecting the proceduores
with the intention ol creating customised software, At the
present time, sl calibration is sl dene muanually, bul o
considerable simplilication ol the process s possible
through progrumming its repetitive aspects so that the
aperator merely s o supervise the procedure alter
downloading the raw data, Onee the appropriate soltware
has been written, the calibration process itsell can Birgely
be computer generated. with the operator onky having 1o
seheet sites Tor reference deviee spot checks for white,
black, red, green and vellow, Aler calibration, the photo-
graphic image ol the blue chip is checked o confirm accu-
rucy, und if there 15 & minor discrepaney, it can be compen-
sated for manoally or autematically, This envisaged proce-
dure is simple and efficient, which will be necessary in
fiiure calibration of large numbers of inages held in
archives. To render the proposed technolopy Tully effec-
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tive, nmussive numbers of images will need w be processed,
and 1t sweonld mon be realistic o expect operitors to spend a
creat deal of tme manipulsting meggery by review s
manoal adjustment — nor would such o manoal process be
rermotely as precise s the purely digital (nethematical
manipulstion of the colour propertics (because it would
rely om vartous subjective factors). Hence it is the uliamare
aitm ol this project o ereate softwiare that takes care of the
repetitive calibration. But at the swme tme 10 should also
be compatible w other programs the rock art speciilist of
future decicles is likely o use, For instance, the cahbrated
and digitised dmage would be ideally suited for colour
elineement treanment (Rip 1989), which would assist
rescarch enormously in securing informition ghom rock
arl that camed he obtained by other means. This tvpe of
procedural estension is a guite modest development in
teoms ol soliware reguirements und should he envisaged to
hecome available comparatively soon, Other possabilities
uf further upplications exist also, and i is obviously impor
tamt that Buture developments in the aren of rock an insee-
ry manipulation take into account all possibilines of this
kind. For instance. inlegrated  programs abowt rock ard
could nclude o comprehensive bablioeraphy orgunised as
per the Eeyword system being introduced by the Cenbro
Studi e Museo J"Arwe Preistorica in Pinerolo, laly (Scalic
LYy,

We emphasise that there is nooa prior reason why the
IFRAD Standard Scale should have 10 be used us the
preferred device prolile in a rock art colour management
system. Any agreed colour stamcdard could be used, provi-
ded it includes suitably sized and spaced {ie. spuced
within the colowr solidh spot colour chips. Some popular
colour charts, Towever, are not well suited. For example
the Munscll Soil Color Charls bear only o small range of
colours on each page. representing only one hue desizna-
Liaan, s W b 1L ellectively one would have 10 include two
or three charts on the photograph, Also, there are nuwmer-
ous colour chips per page, so they are individually small
reladive o page sice. As we will see below. the arca of the
cudibration chips avuiluble on the photograpl is an impor-
tanl constdermion in colowr accuracy, Finally, the Munsell
charts are very expensive. and the prospeet of supplying
iy thousands of them 1o rescarchers in developing
countrics would be financially daunting. (ther expensive
colour stndards have also been used by rock art students,
notably the Kodak Color Separstion Guide and the Letra-
sel Pantone colour charts,

Universal availability was one of the many muotivaling
considerations in producing the 1FRAQ Stndard Scale,
which is being supplicd free to all specialists of the world,
Another is thal the digitised systems being produced now
and in the future should not be expected w have w convert
alibration values Tor any number of standirds, simply
because we have not been able w agree on o uniffarnm stin-
dard. The digital calibration procedure 15 entirely bused on
the colour values of the IFRAO Standard Scale, These ane
given in Table 2. The monochrome scale chips are of 1he
following reflection densities: (W) (white), (70 160 tnd
200 (hlacky, Their values were chosen to comply with the
Kodak Three-Aim Point Control methods for reproducing
coldour rellection copy with traditional masking and colour
separation provedures. The first three represent average
highlght, middle tone and shadow values in colour or
black-and-whive rellection copy.
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Colour

Red
Yellow
Green
Rlue

YCC (CMY)

0, 10,10
0.0, 10
10, 0. 11}
8.8, 10,0.2

RGEB
214.0, 39
255, 215.0

(1 134,73
S( 4, 90

CMYK

0, 100, 100, 0
(0,0, 100, 0
100, 0, 100, O

A9.100. 200
q0

\

HSB

349°, 100, 84
317,100, 100
1537, 100, 53
274°, 100, 35

[LFa*h*

47,75, 49
94, - 14, 100
55.-79. 36
22,49, 45

Table 2. The digital colour vatues of the 1FRAO Standard Scale in YOC colonr spuce,
and for RGB. CMYK, HSB and CH L ad¥ spaces.

Colour re-constitution of rock art imagery was lirst
attempted in December 1994, in the well-equipped compu-
ter centre of the Indira Gandhi National Muscum of Min
in Bhopal. India. In the first trials, four photographs of
cupules and rock paintings ol the Bhimbetka rock art
complex were used (Figure 3), These attempts succeeded
at once and we conducted numerous experiments subse-
quently (Bednarik 1994b) in an clfort 1o determine opti-
mum conditions for the fiekd use of the Scale. During these
trials we considered also the question of calibrating photo-
araphs taken before the introduction of the Scule and we
found that limited re-constitution is possible il there s
only a black-and-white scale present. In - good-quality
slides in which no dircct light from a flash or strobe is
reflected by such a scale. colour calibration of 70 - 80 per
cent may be possible. This is becuuse pure white wreas,
which should be of 0.0 - 0.05 reflection density, may bear
discolouration, Similarly, the black chips are usually not
quite black in the image, and we know that their reflection
density should be 1.95 - 2.0, By compensating for both
these known distortions the image can be considerably
improved. Naturally this applics only to scales with pure

S
, S =
Figure 3. K. Seshadri engaged in the first attenpt to re-constitute colour in a rock art image. using a stide of a

Palacolithic cupute in Auditorinm Cave, Bhimbetka; 8 December 1994, compuier centre of the
National Museans of Man in India.

white and black markings, not 1o wooden rulers and other
assorted devices. the true colour of which is not readily
available.

We have tound that, in some circumstances, cven
photographs lacking any scale may be improved by our
procedures, They may bear natural white. blick  or
coloured paiches of known values, especially urcas of
shadows in the case of pictures taken with artificial Hight-
ing. Deep shadows provide an excellent reference point for
black. Alternatively, common objects of” known colours
may appear on i photograph. and miy assist the operator
in securing limited calibration. Such reference points may
include white aceretionary deposits, churcoul, chalk marks,
site management signs, freshly damaged or broken rock.
one’s own hand. a note hook or some other ohject fortu-
itously appearing in the picture. They may even be
provided by field recordings of Munsell colour designa-
tions of pigment or of rock varnish or ather patination
where these are available and can be relocated on a photo-
graph. The result of such limited calibration would he of
debatable absolute colour fdelity, but it is certainly @
considerable relative improvement.
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MNevertheless, such  altemative  applications  of  this
methodology are o anly imited value, and they involve un
inardinate amount of operator elfort. They can justiliably
be wsed Tor photographic recordings of rock art that has
since vanished, but it would not be reasonahle o apply
them to post-1994 photographs in which the inclusion of
scides was neglected, In effect ome wuy say that, in rock
art colour re-constitution amd in the establishment of
permanent archives, 1994 wus the yeur zero. As [rom now
il s inappropriste 0 create archival rock url records with-
oul using a colowr calibration device profile that is hacked
by proven computer applications, In fact it is now impru-
dent, and inconsiderate o Tuture researchers, 10 lake any
photographs of rock an without a colour scule, irrespective
of the purpose of the photograph as perecived at the time i
15 nken,

Optimum recording conditions

The principal objective of the presemt paper is o pro-
vide clear recommendations for the use of the TFRACQ
Standurd Scale, The goidelines initially issued with the
Scule were limited w aspects of rock art conservation and
to prolonging the life spun of the Scale itsell o avoid
placing the Scale newr the rock ar, amd (o store 3t in o dark,
dry and cool place (Bednarik 1994a). However, it was also
recommended that the Scale be so positioned that it would
appear near a margin of the photopeaph. and that & et
receive te sanre pliorographic exposare ax the pock ot
merifs T would have been premature 1o provide further
guidelings for Feld vse w the time, bu it was clear that
they should be made available before extensive use of the
Scale began, The optimum conditions For the use of this
new research tool of colour re-constitution hive now been
determined and they are swmmarised below,

I Recording mediune: The colour calibration input shoukl
preferably be as slides (trinsparencies) or colour nepa-
tives, This is hecause the scanning process presently
required for paper prints is inferior o the digitisation
directly from film, and colour transmission rom photo-
graphs to CRT does not produce precise results,

- Lighting: Natural lighting is clearly superior o artili-
cial light, which means that increased exposure times
are preferable 1o the wse of Mush or other antificial
lighting. Where necessary and possible, use o sunlight
reflector. Avoid direct lighting in durk locations, and
when using artificial lighting, wse white light, not
yellow halogen light.
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3. Direction: Where anificial light is necessury, and espe-
cially for three-dimensional  subjects  (petraglyphs.,
ciepulesh, the light seurce should be from the upper left,
aid the Scale should also be on the left upper cormer of
the lrame.

4. Avear Full 100 per cent calibration, which would result
in a colour re-constitmion adequate for rigorous tech-
nical and seientific purposes, requires that at least 5-10
per cent of the photograph's area should be occupied
by the Scale. With standand  lenses  this  miglt
correspond o oo distanee of about 0.3 w (L8 metre,
There s o gradual bt doally neoligible Ioss in
refiability as the Dmage arca occupicd by the Scale
decrenses with dislance.

3. Distance: One Scale sulfices for distances of up o 1.3
melres. I uneven lighting is unavoidable, place the
Scale in the better lit section. For distances between 1.3
and 45 metres, two scales must be used for optimal
resulis: plice one of them anywhere suitable, but the
second one always vertically and in the upper lelt
corner ol the frame. Bevond o distance of 4.5 metres,
the Scale s wo small o pennit o calibration level
approaching 100 per cent, becouse at tha distance the
calour chips become wo small o obtain precise digital
readings from (e, using lenses of stundard  Tocw]
lengthy,

O, Afigesnenr: Care must be taken to position the Scale so
that it is parallel to the predominant plane of the rock
ard mestif, and about the same distunce from the comera
lens, Misaligmnent will reduce the reliability of colour
catibrution.

1. Reflection: The Scale has been printed on mutt stock,
but this does nat eliminate reflection entirely, I a came-
ri-muounted Tush is used, the scale nust not be at right
ungle 1o the camera™ focal axis, and if the suhject is
side-lin, the Scale should he perpendicular w the focal
axis (Figure 4.

Special attention should be given o the last two poins
which refer to the factors most likely 1o result in unsuitable
photographs. It will he abvious fram them that the use of
camera-moanted {Tash or floodlizht is not w be recom-
mended, because 1o comply with recommendations 6 and
7. the rek panel would have w be photowruphed at an
angle (Figure 4b), This 15 nol desicahle For several reasons
(uneven lighting and Toeusing, foreshortening ), henee it is
to be preferred that the lighting device be positioned inde-
pendent of the camera location,
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This is the preferred procedure in any cise because
camera-mowtted lighting always results in poor image
depth. In placing the lighting sepurately 1t must be made
cerain that the Scale is not angled mid-wiy between
camera focal axis and lighting axis (Figure de) ldenlly.
buth the an pancl and the Seale should be perpendicular 1o
the Tocal axis. and the lighting should be from the lelt
{Figure dd). at an angle of reflection suituble for the relicl
of the rock panel: i Jow angle (20 - 507 1o the Tocal axis)
lor wn uneven panel, o bigher angle (300 - 8071 Tor w very
IMatl puncl.

Conclusion

The present paper does not sutisfuctorily deal with
colour printing, being concerned primarily with scienlilic
and archival applications of the method deserbed. This s
in part also because current technology in the area of
transposing digital colour information o the primting press
remains inadequate, Printing presses can reliably nepro-
duce anly o fraction of the more than 16 million colours ol
u 2d-bit eolour monitoer.

It is ebvious that most rock art imagery is ol o very
restricied colour spectrum, roughly between yellow, red

and black. with many shades of brown and ochre, Gne of

the most promising ways of developing specialised rock
art colour programs for scientific applications would there-
fore be 1o create a customised colour library For our disci-
pline which printers would use for achieving best resulis,
Such a standardised library could then be attached tw the
software programs that specialists in our field will inevi-
tably use world-wide, As we have noted above, there are
possibilities of connecting the program being developed
with various other digital Tunctions, thus creating o magor
support structure for the discipline.

O the basis of existing technology, the discipline really
does not have a choice in how 1o render our photographic
records permanent, Perhaps an alternative technology of
electronic tor other) storage will become available in some
future century, but in the meanwhile rock ar is being lost
at an ever-accelerating rate, and it would be irresponsible
of us to hesitate any longer in striving Tor a universul
recording system. We have been considering the use of
computers now for some time in this field, and we have
procrastinated because of u lack of dircetion and disci-
plinary stundurds. Standards are at last becoming available,
and the direction w be taken is Lurly self-evidem. The
systermn we have deseribed here promises (o deal satistucto-
rily with the demands of future technologies.

Many technologies or standards introduced during the
history of humanity proved to be cul-de-sucs, often
because al the time they were conceived, no thought wis
given 1o how they would he affected by future develop-
ments. An example s the historical reluctance ol some
countries o adopt the metric system, which results 1n the
ultimate need o converl o it at an astronemical cost. The
lesson (rom this is Ui one should not introduce messures
that may, at some fuire time, become incomputible and,
in the case of the computerisation of rock art records,
substantially defeat their purpose. Tt is therefore advisable
that. before we embark on an ambitious program of stan-
dardising the records of warld rock urt. we take into Consi-
deration the foreseeable long-term developments in this
Field. to the hest of our abilitices.,

If rock an rescarch is o be a viable discipline it cannot
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rely on the long-term survival of rock art. it has to create
an archival data bank on a global seale. Colour standardi-
sitien and eulibramion are absoduiely essential for this o be
meuningful. While this is obvious, it is much harder 1o
predict the shape technological imnovations will take in
future centuries. We may hegin by extrupoluting Trom owr
present position: o save’ rock art for posterity, we shall
have (o create massive permanent records of il Anati’s
(198d) early quantitative estimate of  global rock an
resources wis prohahly guite eonservative, We know that
it excluded several large concentrations {e.g. in Ching,
with upwards of 1 O sites) and underestimated others,
With an expected true number well in excess of 100
million molifs it is obvious that, at the present rate of
proress, ity ke centuries o record this global corpus
sedtixfoctoriv. By than time, a pood portion waukd have
Fallen victim 1o relentless deterioration, so we need e fim
less Lime-consiming ways, nat only more effective ways
ol recording. For instunce, the wse of o video camera bas
the benelit vl preparing the duta in o format facilituting
subsequent digital colour re-constitution. haital cameras
are already in vse for recording rock arte 1t does nob seem
wnresdistic (o predict that, somelime in the nest century,
rock art recorders would take a computer-supported video
for similar) system or digital cumer into the Teld this
woauld calibrate colour w the site, while the actual an can
he viewed wo check the recordinge for veracily. Upon retrm
o the base institution, the fully corrected, permancnt digi-
tad records would simiply be downloaded onto the archive
memory. Yast numbers of art panels could be recorded for
all Tuture in this fashion as the questions of digital storage
capacily are sulved, and they need o he recorded only
ance, Bul irrespective of the lechnology’s sophistication.
calibration standard would still have to be used. therefore
we stgpest (hat the future of the [FRAOQ Stamdard Scale
AN isS0 fl::d.

With the present developmemts, rock art photography
hus bevome a method of temporarily storing opticat infor-
mution about rock arl until @ permanent form: ol storge
becomes avaikable, It is no longer a means 1o its own end,
but a gprovisionad form of recording rock art. To unlock
coded optical information from photographic records it is
not sufficient o produce good photographic imagery: it
must be colour calibrated alsa.
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