


































































































































































































The same proct'<lure was run on the color images of the overall 
figure. Figures 21-24 illustrate the same sequence as Figures 17-20, 
and show the same trend in the result for most of the body 
impression. 

Figure 21. The bluo component Crom U1e scanned ond digitized imnge rrom 
color tl1lnsparency No. 2. 

Figure 22. The red component rtom color tl1ln&parency No. 2. 

Plgurc 23. 1'hc ratio or tho red compouenl shown Jn figure 22 Lo the blue corn· 
poncnt shown In ngure 2L 



~he f"" as figudro 20, except tho images Crom color troosparency 
o. _wero use . The results obtained from the racial region as 

shown m figure 20 appears to be consistent over the entire Shroud. 

V, Comm~nta •n•t ("'"tu Ion• 
1. The walur mnrkw and tho numerous small intense 

'' 1tures on the body h11vc nbrupt edges, whereas the lnrgo bum 
mnrks have smoothly decaying edges. This suggests n different 
nwdrnnism of formation for the two types of features. 

2. The short linear muks with small spots along them, 
hlch appear on the back of the figure, could be attributed to 
ourgc marks. 

3. The image of the facial region is composed or a wide 
1.m11e ol' spatial frequencies which are oriented in a random fashion. 
l'hiB indicates that the feature-generating mechanism was probnbly 
•ltrcctionless (a characteristic which would not be consistent wilh 
h~nd application). 

4. The informat ion which causes the eye lo recognize 
r.winl structure lies at very low spatial frequencies. Little pbysio· 
louical data is contained in small structure. 

5. All impressions on t he Shroud tend to be redder than 
tho unmodified cloth itself. 

6. The amount or information obtainable from these 
unages is limited by the lack of quality photographic materia l and by 
the lack or a color and/or refieclance standard to relate color 
~·11arations. 

V 1. Recommendations 

It appears that more cou ld be learned about the nature or the 
image on the Shroud if more detailed and comprehensive data could 
Ill' obtained. The following are some suggestions as to what 
111Jd itional photographic data would be useful, and what might be 
11ccomplished with such data. 

1. The Shroud should be photographed with high resolution 
rrlm of at least 4 by 5 inches format. Each photograph should con­
tain within it the simultaneous exposure or a grey reClectance target 
containing at least a dozen patches or different, known reflectance. 

2. Photographs shou ld be taken through several different 
Kpec tral filters; standard Wratten rilters would be satisfactory. The 
filters and the films should be chosen lo cover as broad a wavelength 
&pectrum as possible. A standard set or color control pal.ches should 
be included in each photograph. Color film produces pretty pictures, 
but it does not have the resolution or range or high quality black and 
white film. 

3. Ultraviolet flouresccnce photographs could be taken if it 
was determined that UV radiation would noL damage the Shroud. 



These mcnsurcmcnu. could help to scpnrnl~ the existence ()( foreign 
substances {and pos.~ibly the nature or them) from tho base material. 

4. Thermographs, or infrared imagery, might also be used to 
diUerentiat.e between the base material and material which had been 
modified by tho adsorption or absorption of foreign substances. 

5. Tests should be run to determine whether the spectral re· 
flectance characteristics of the burned areas and water marks arc 
difference from those of the figure impression. If they are, creation 
of the appropriate images would permit removal of all bum and 
water marks from the images. 

6. Although it has nothing lo do with imagery, some of the 
newer age dating techniques might be utilized to determine the age 
of the cloth. 

Given any or all o( the above data, the following computer 
analyses could be undertaken: 

1. The first generation negatives recommended above would 
be scanned and digitized. Using the reflectivity charts, each image 
could then be related to a standard scale. This would permit 
quantitative comparison of the image reflectance in various spectral 
regions. 

2. Using the various spectral images, multi-spectral classi· 
Cication could be performed to identify those areas on the Shroud 
which have common spectral reflectance characteristics. This could 
identify image areas which were formed by common physical 
processes. 

3. Laboratory experiments could be conducted in an attempt 
to duplicate the chemical processes involved in the creation or tbe 
Shroud image. Similar cloth materials could be exposed lo various 
compounds and processes and the resulting impressions photo­
graphed and analyzed in the same manner as the Shroud photo­
graphs. 
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APPENDIX 

Description of Image Processing Algorithms 

A. Hjgh Pass Filter (figure 2) 

The particular digital high pass filter used in these analyses is 
called a "DC-Notch Filter," (see reference 4) and is designed for 
computational speed. This type of fil ter basically consists of com­
puting a low frequency component and subtracting it from the actual 
value, i.e., at each pixel, the mean of all pixels in a specified neigh­
borhood around a pixel is subtracted rrom the ON value of that 
pixel. The resulting value is then added to some specified uniform 
bias. It can be shown that this process is equivalent to high pass 
filtering in the Fourier domain with a transfer runct.ion of the 
following form: . ( ) 

s in 1T<!xfx 
T(fx, fy) = I - 1Tfilx 

In the above expression f is a spatial frequency in units of 
cycles/pixel and a is the width of the "neighborhood" over which the 
mean was computed. The effect of this Cilter is to suppress features 
in the image which are larger than the dimension a but to pass 
smaller features. However, this algorithm often has the negative 
affect of creating an alternately dark/light border at the edges of 
large gradients in the image. This effect is termed ringing and is 
purely artifact; it should be ignored. 

B. Derivative Filters (figures 3 and 4) 

Derivative filters arc computed by creating an image which at 
every point contains the difference between neighboring pixels. This 
procedure is equivalent to shifting an image with respect to it.self a 
specified number of pixels and taking the difference between the two 
images. The orien~ation of the displacement governs the direction­
ality of the derivative. This algorithm allows one to display local 
gradients in intensity as opposed to displaying intensity itself. 

C. Fourier Transforms (figures 6 and 7) 

Fourier transform images are displays of the amplitude of 
spatial frequency components. In figures 6 and 7 the lowest spatial 
frequencies are at the center and the highest are at the edges. 'rhe 
Fourier transform formula is of the form: 

J'J -211 i (f X tf y) 
F T (fx ,fy)c l'(x,y )e x Y dxdy 

-· -· 
ll'herc P(x,y) is the function whose transform is being compu ted. 

In the suppression of the fabric weave, those complex values 
wh ich lay along the path of the bright bases in figure 6 wero reduced 
In umplitude until their contribution to the image was negligible. Be· 
.. 1use the fabric weave was aligned in a generally vertical or horizon-
1.1! fashion only spatial frequencies in these orientations in the trans­
form contained this information; thus a suppression of these 
rroquency components was achieved. When tho suppression step was 
1iorformcd, only a small percentage of the real signal was dumnged as 
11ttested to by the absence or non-coherent information in the 
difference pictures. 

IJ. Median Filter (figures 10-13) 
The Median Filter is a nonlinear filter which is used to suppress 

local non-monotonic structure in an image. At each pixel the 
po1>ulation or DN values is assembled (histogram) from a neighbor­
hood symmetrically about it on the same picture line. The central 
1>h<cl is replaced by that DN value which lies midway up the dis­
tribution. Features wh ich are smaller tbru1 hall: the filter width and 
which are non-monotonic within this interval tend to be replaced 
by the local background. In figures 10 and 12, the Median Filter was 
run both horizontally and vertically. 



C~NSIDJ:~tA'J'IONS OF MQLgCULAR DIFFUSION AND 
ADlA I !ON AS AN IMAGE FORMATION PROCESS 

ON TllE SHROUD 

By Eric J. Jumper 

lntroduction 

For years I was convinced th t y· , 
responsible for forming the imaga e lfn~n s vaporgraph process was 
Turin 1 The the 0 e man on the Shroud of 
obse~ation that ;~ "'.as rather a believable one based on Vignon's 

even where the cloth 
1::~~s ~~/he S?~~u~ appeared to be present 

body. This could I d possi Y . ave been touching the 
image forming proc:~ ,:~only on~ conc.lus1on and th at is that the 
idea of molecules being transo~~t::ih:~~ acted thr?ugh sp_ace . . So the 
cess and staining the cloth d~d t r· ough space by a diffusion pro-

. . 1 a 1rst seem to explain v· ' b 
servat1on. Vignon's suggested che . 1 . · 1gnon s o -

. mica constituents of blood s t 
ammonia, and aloes also seemed b r bl · . ' wea , 
have Com1cd a "go d" · e ieva e srnce V1gnon claimed to 

0 image of ah ·md usin · · . 
these constituents Th" h d . ' g various combinations of 
. • · · 1s an image I m t d · · mfamous since neither 1 no ' us a m1t is now rather 
pict.ure of it. Be thnt as it ~~ny~~~ I _have contacted has ever seen a 
(l) A prerequisite C . y, I is. important to note two points. 
Vignon reported thac°[ii~~:;;df~~~a~ion IVilS a da~~ cloth2 and (2) 
of his test cloth as well as on the Cr;;t.was clearly vmble on the back 

Doubts about t he validity of 
responsible for the image began to~ vap~r transport me~h:inism being 
the results of our three-d· . a~ a me. af!Jllr exammmg some of 
doubt came with the discovunens;~n studies . The first hint of 
to be coins. It. is hard lo i:i'.oe rn1ages.o~er th_eeyes wh~ch appear 
to. form not only images of th:i::odan b~';:t1c stai_n mech~m acting 
coms. Another question is "wh dJ th h ~.of mert obiects such as 
same law or intensity versus dd'tance e d:i; images fo~ow the exact 
another interesting charact.cristic of t1:: ! thebbody IIDage?" Still 

e unage egan to plague me 

11111 1 lrnt WIL~ I he fnct Lhut nowhuro on the body image was lhe imuRO 
turutcd (thut is to say nowhere did the inrnge intensity reach n 

11l11h•11u und remain al that intensity). 'l'bis last characteristic can be 
t•luinly seen in the three·dimensional pictures in reference 3. The 

111111 problem, which sets my doubt.~ running wild was the important 
li'>l·ovcry of the 1969 Scientific Commission that the image was on ly 
•urfllcc phenomenon."-. 

In the remainder of this paper I will present some of the 
1••SS11Res from the Commission report and the results of our three-
1limcnsional work which caused me to try to explore the problem 
lurther; describe a rather crude experiment I perfonned; present my 
•llcmpt to quantify a diffusion process for molecules being trans­
ported through space from a body to a cloth; draw some conclusions 
h,1!;Cd upon my analysis and the results of this paper; and finally 
mention briefly some observations on radiation as a possible cause of 
the image on the Shroud. 

Character or the Stain on the Shroud 

As I implied rrom the above, I was always under the impression 
thot the image on the Shroud was present on the back of the cloth as 
well as on the front. This impressiun was caused by the often quoted 
.1ccount of the Sisters or Poor Clare.5 The following passages quoted 
here from the commission report clearly contradict not only this im-
11rcssion but further state that the image does not even penetrate the 
•Urface fibers on the front side of the Shroud: 

" In the past the fabric was strengthened by sewing it at the 
~·dgcs und in several other points all over the back surface against 
unoLher cloth; during our recent examination a small area of the 
more recent piece of cloth WM unstitched and it was found that the 
image appears only on t he top side of the original cloth, i.e. it does 
not ~o through the fabric. Recent laboratory tests or samples of the 
fnbric taken from several spots where the colour is deeper prove with 
sufficient cerr..ainity the 11bscnce of any substance which might have 
been absorbed by t he threads ...... Therefore, in all likelihood, Lhe 
image is completely superficial." (Page 65) 

"At the moment of (the t.hread) snapping witb a relatively slight 
amount of fraying, it could be observed t hat the reddish tint of the 
thread was limited to the surface, while the inside appeared to be 
perfectly white." (Page 24) 

"This coloring is found only on the surface fibers, so much so 
that the above-mentioned coloring(sic) was only observed on U1e re. 
verse of the thread at the level of the underlying fibers by 
transparency." (Page 50) 



So we l'UO s11y wllh some !'erlulnly that lhc imnge is « surface 
phenomenon. 

Results or our three·dimcnsional work show lhat Lhe Shroud 
image has at least two furlher characteristics which leave doubts in 
my mind aboul lhe image being the result of molecular transport.3 
The first, was the possible discovery of jmages of coins over t he eyes. 
If these images are images of coins, it is hard to imagine the image of 
the coins1orming in exactly the same way as that of the body. The 
second bothersome characteristic is rather more subtle. Nowhere on 
the Shroud is the imnge saturated. The significance of this obser­
vation cannot be explained in such simple terms as those of the 
coins, and will be withheld until later in this paper. 

Experiment 

It was not clear to me how linen would react to staining, so a 
simple experiment was performed. It consisted of making a solution 
or water and green food coloring and then placing one end of a linen 
fiber into the solution. Two types or fibers were used, one dry and 
one damp. This of course did not simulate some sort of dry transfer 
stain but it did simulate in my mind the kind or conditions Vignon 
seemed to suggest in his vaporgrapb Lheory. The results of these tests 
were rather surprising. In the case ot the dry linen thread tho stain 
progressed at about 1 cm. in 4 seconds against gravity. It should be 
added that the stain spread "without limit" as long as there was fluid 
and thread available, that is to say the stajn front seemed to progress 
at a constant velocity rather than at a continually slowing rate as is 
characteristic of a diffusion process. The dry spread velocity, VoRv , 
was: 

V 0Rv •d/t • 1/4 = .25 cm/s ( 1) 

When the experiment was repeated with a damp linen thread 
(the condition suggested by Vignon) the stain spread about half the 
distance in the same lime and slowed as it spread. This rate was 
more in keeping with what would be expected by a diffusion process. 
The diffusion coefficient could then be crudely determined assuming 
Fich's Jaw of diffusion as:6 

DoAM P ow d 2f4t = (.5)
2 
/(4)( 4) • .016 cm2/s ( 2) 

Crude as the experiment was it provided me with a measure of 
how a stain acts on a linen cloth. J think that the reader will find in 
the conclusions, as I did, that even errors to factors of 10 in these 
numbers will seem insignificant when times required for molecules 
leaving the body to arrive at the c.loth are determined. It is impor-

t:ull to nolc that Lhc nhovt• ~x111•rimonl yielded nurnl~~~:::,~,:.~1~1 I~·~ 
iction of the stain in tho rlolh. It t> now necessary b d lo tho 
lwhavior or the molecules being trnnsporled from the o Y 
doth through the intervening space. 

A I . r the Molecular Trnnsport of Ammonia •rhrouch Air 
no ys1s o · ' · h • 

I hou •h il is rather presumplious lo assum~ that if t e image 
was ~;med G by molecular transport ~he fl'.spon~1hhlc mot~cc~ le ;~: 

. · · h ·n keeping with V1gnon s ypo ests. 
nmmoma, 1t is~ owever, 1 

1 
d 1 and will yield results not 

use of ammonia serves as at east a mo e •L 

. 
1 

Id be expected Cot many molecules 1.uol 
loo different t inn wou . . 

Id be postulated as will be pointed out ID th~ equations. . 
cou The diffusion coefficient for ammoma t~irough ai; was 
calculated according lo the equation suggested by Hirsch,Celder. 

D(NH3, Air) = .001853VT3 (1/M Air+ l/MNH3l_ ( 3) 

p qiJ QD . . 
Where T is the temperature in OK, Mis the molecular. '."eight tn 
mole p the pressure in atmospheres, q ii tbe ~olhs1on cro~­

:~~~n in 'A and Q 0 the reduced collision integral. Sm~1M /o\~r is about 17 i:m it can be seen that any mol~cule respo;~9 e mlr wi~ 
stain with a larger M than that or. ammomala (MN)13 . ta~le 1 the 
have only a minute effect on D. Usmg the v ues gtven ID 

diffusion coef£icient turned out to be: 

D(NHa, Air) ar,::.5~cm.::.2..:.l::..s -:::-:-;=:-;----, 
TABLE I 

Values of terms in Equ. 3. 

T 300 °K 
p l Atm 

M A I R l 7. 03 gm 

MN,.
3 

28-97 gm 
0 

q.. 2 .9 A 
lJ 

!20" 2 . 3 

Conclusions based on the figures arrived at for a Molecular Stain 

Under the assumptions that: (1) the stain wa~ n?t a dry 
r (2) the molecule responsible for the stam either was 

trans er. process, d . ·1· to it in its transport and (3) 2.5 cm is a 
ammonia or acte sum ar d d. ta (This 

bl d·stance to use as an average cloth bo y is nee, 
::si-::;~o ~e j~stified by our three-dimensional work) let's take a look 

"S2o is a function of k1'/• the value used for • /k was 555_30 K 



;!t"~~n~d~~ ~~cth'~1~:~~~~t:~~1~1 ~!dt~1~ .:1~~~;:::~:g ;n11lys~~{· Jn orde.r to 
the supposition that the process t 'k h rocess, 1rst consider 
has been suggested b y· 1 °0 ours - say as many as 30 as 
of the image on the ~Jo:f.i0~ ·thWh~·t· w~uld tl1is .me~n .to the clarity 
mental samples, this would mean e s a.111 ,1cted a~ it dtd m my experi­
present, for to move lOO cm w [;~t no clear image would even be 
6. 7 minutes in the . . ou ia~e taken only 400 seconds or 
(100 cm/.25 cm/sec)~ase of a damp stam on an otherwise dry cloth 

In the case of a damp cloth th ti 
approximately 43 hours. Calculated eby~e to move 100 cm would be 

"' d'72 D - I; t OR d ;,- V It D t I 

ANO d) 
t ':! I 40 

( 4 ) 

but after only one m · t th 
cm., and in say 5 ~con~~ee sp~:~r;~~l;~~~ b~e0 ~prox~1ately 2 

~I t~e~s~p~~~~:~~ryancr~s are to
1 

taUy incompatible ~it~:hatf ~o~~~ 
Th 

Ille reso ut1on image of the Shroud 
e answer seem t r . . 

However how h rt · s 0 Je m a very short molecular "burst." 
' · s 0 IS a reasona)Jly short r ? T h I 

question I examined the time it would tak ~me . h . o. e p ~nswer this 
sudd7n prese~ce of ammonia particles toe bzrf!lte .J1~st ev1;ence of.a 
lo~at1on. This again can be calculated usin .. cm rom their 
usmg dth3e diffusion coefficient for transport thgr:~~~~~n) ~~:uti~ no~ 
<11'0Un sec' We could t' . · me 1s 
the Fick's l~w diffusio:omn omduel cbutt~ng the time back bu t as we do 

1 1 e egms to break down A th 
:o hcu ar bu~st beco':11es shorter and shorter the tendency for thse e 

definj~~~~1:n~: i!~;~n~vh:~s!~~~minate which would cause ~~ 
So then from time co ·d t' 1 f . ns1 era ions a one - Vignon 's d 

ormation process seems doubtful Wh propose 
phenomena characteristic of the Shr~ud imaa~? a~out the s~rface 
on .threads there was no question that th .t · h ~my experiment 
entire thread. Again I had mote doubt e. s ai"u a 8~enetr?ted tb.e 
only a surface phenomenon Als st~ce le . roud image 1s 
tendency fo.r the stain to ~tur ~ aptfiare~t ID my expetiments was a 
intensity and not a ' . at is, come to a certain stain 
Cind this phenom::!1:ny Sdark~r. Nowhere on the Shroud did we 
pictures. In no case d~es ~~· . or example, the three·dimensional 
occur if saturat ion had taken p~a~mai~ .realach a plateau, which would 

e. is so apparent that the image 

was noL flf<?ssurc sensitive, that is, tho imago 011 tho bal'k n11111mn. lo 
11ossess lhe s1;me full-off characteristics ns Lhe l'ronl inlllKO 11v1•n 
rhough the pressure differed greatly the front associat.od with only 
the weight of the cloth on the top (front image) ond on tho bacl1 
(back image) associated with the weight of the body. (Those 11re or 
rourse assumptions which seem fully justified by the Shroud itsolr). 
'fhis also has a profound influence in and of itself on the assumi>t.ion 
or n molecular stain, since one would expect that the responsible 
chemical would be more abundantly present when the cloLh wns in 
c•ontact with the body and even more so under pressure. SaturnLion 
would certainly be apparent in either of these conditions. 

These facts significantly inauence my doubts about a mpleculnr 
~lain even if the stain was a dry transfer. In (act, one would expect 
nt a minimum that the points where the cloth contacted the body 
would have shown saturation (as was the case when we tluee-dimen­
sionally analyzed images formed by contact experiments). 3 

Observations on Radiation 

Som·e very simple radiation experiments were perfonned by 
John Jackson and myself prior to this conference and the following 
was found: 

1. Images could be formed Of varying intensities up to at least 
lhe .intensity of those found on the Shroud without saturation. 

2. U'nless actual ignition took place only slight spreading of 
Lhc image occurred. 

3. It appeared that if the image was ranned by a radiation 
process the intensity of the radiation would have to have been very 
high. This conclusion was based on the fact that while the actual 
laser flux used was not quantified in every case, in the short time of 
cloth exposure to the laser there was an image on the reverse side of 
the cloth almost as dark as the one which appeared on the front. 

Post Conference Note: Dr. Rogers showed me a piece of cloth 
which he exposed to a rapidly moving torch which clearly exhibited 
an image which was present only on the front of the cloth.'i' 

* This point also cleared up some doubt about one way I thoug11t a forger 
may have made the Shroud. rr he heated a Bron7Al Statue say until i t was 
glowing hot I thought he might be able to throw the linen over it for a short 
time and remove it, leaving a scorched image. These temperab1.res (lo~1er than 
melt temperature) would give oU radiation wllh wo row an intensity to Coon 
only a surface image. Our expe.r1ence sho\\•s that tho image \You)d a1$0 be prc­
senL on the back. '!'his work lhcn proves that it could not be a forged image of 
th is type. 



C'lu'.!.!!J! llo·mnrkl nnd Summ!!L 

While iL doos lndL'<ld scum po.-;i,ible lhal n molecular trnnsport 
process over reasonably long periods or time (a minute or longer) 
would set up a molecu lar concentration gradient which could form 
some sorL of intensity pattern interpretable as an image, it seems very 
unlikely in my mind that molecular transport could have formed the 
image we find on the Shroud. This opinion is based on the obser­
vations of stain spreading I made in Lhe simple experiment, t he fact 
that t:he stain on the Shroud does not penetrate even the surface 
fibers or the cloth and t:he fact t:hat the Shroud image is nowhere 
saturated. While it cannot be concluded that radiation caused the 
Shroud image, in the specific areas or stain spreading and saLuration, 
radiation cannot be ruled out. 
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C'OLO!t ANAl,YSIS OF 'l'lm 'l'URIN SllROUD: 
A PRJ::LIMINARY STUDY 

By John P. Jackson 

Color photographs of the Shroud were taken for the first time 
in 1973 by a Scientific Commission appointed to study the Shroud 
and by some who viewed the relic during an Exposition that year. 
One participant of the Exposition, Father Otterbein, was kind 
enough to loan me an original color transparency he took of the 
facial image or the Shroud. Since this transparency wns not taken 
for scientific reasons, information regarding illumination, exposure 
time, etc. was not available; but it seemed to me that a study or re­
lative color variations could nevertheless be perfouned. In particular, 
it seemed possible to study relative colors of the body and hair 
images, possible objects atop the eyes, beard and blood images, and 
1532 scorch patterns. l In this paper, the results of my study will be 
presented. 

The approach was to scan selected regions of the image with a 
microdensitometer probe beam as shown in Figure 1, four passes for 
each scan path. During three of these passes, Wratten Filters {No. 
92-red, No. 93-grecn, No. 94-blue) were consecutively inserted into 
the probe bean1 so that only red, green, and blue colors of t.he image 
would be detected. On the fourth pass, no filter was inserted in 
order to standardize the color measurements. Tracings of image 
density* in each color band were automatically recorded onto graph 
paper by the microdensitometer. 

• "Density" is used in this paper and figures to rorer to the degree or Image 
darkening as sensed by the microdensitometer operatinc on a lineaz ocate or 0-
100. Though related to pholOgl'aphic density and tnmsmittance, this quantity is 
not equal to either. 'l'he mlcrodensltomewr scale, however, was Identical ror all 
scan passes. 

• 

---1'3 

--=~~---1 

• 

Col r Slide scanned. Each line In· 
lllack and White 1ieproduct~o orgh the right side blood Image is not 
dicales scan paths. Scan 5 th rf~ur separate pa&S<?s were made wlLh 
shown. Over each scandna .tl1y with no mter. 
green, blue, red mt.ers an n 



Tho collcctod dot11 wero plotlod nncl thon inlcrprotccl according 
lo the following nssumption: that generally dlrfercnl kinds of image 
stains show different mixes of red, green, and blue ut the same value 
of overall (neutral) density and that the continuous variation of this 
mix with neutral density would be different for dicrcrenl image 
types. 

87 samplings of the image, each with four color measurements, 
were selected from the microdensitometer scan plots. These data are 
displayed in Figures 2 through 4. Each data point is plotted in 
symbol according to where on the image it refers. Figure 2-Green 
and 3-blue show that, within slight data scatter, all of the afore· 
mentioned image types tend to fall along the same curve. Figure 4-
Red, however, docs not display such uniformity. Noteably, data 
points from the bum patterns fall significantly below the Shroud 
image data points for neutral densities less than 60 while they fall 
significantly above for neutral densities greater than 60. According 
to the given assumption, this behavior would signal that the scorch 
areas and the body image are probably different kinds of stains. 
However, bel"ore such a conclusion is drawn, it should be noted that 
the bum points below neutral density 60 do not extrapolate con­
t inuously to those higher than neutral density 60 as might be anti· 
cipated since all these points refer to the same process (i.e. 
scorching). Furthermore, it should be noted that all the data points 
below neutral density 60 were taken Crom the scorched area Lo the 
right of the facial image (i.e. at the start of scan path 1- see Figure 1) 
while all the others were collected from the left (i.e. at the end or 
scan paths 1 and 6· see Figure 1). A visual inspection oC the entire 
image shows a gradient in overall density from right to lert, probably 
caused by uneven illumination during exposure (made by a simple 
flash). Thus, it would seem probable that a combination of uneven 
shading on the image and microdensitometer detector response is 
responsible for the apparent discontinuous shiJ't in burn pattern (red) 
color densities. Had the burn pattern data points all fallen along a 
continuous line, as in the blue and green plots, the effect of the right. 
left gradient would probably be fairly judged insigniricanl. 

This effect of the gradient also seems to have affected other 
parts of the image. For instance, hair data points or neutral density 
less than 40 (taken from the right side) appear to extrapolate below 
those of hair or neutral density 70.3 and 72.2 (taken from the left 
side). Other hair data points reCcr to the top oC the head, are there· 
fore midway between the right and left sides, and lie somewhat 
below the left hair data points (where the darkening due to the right: 
left gradient is noticeably greater). 
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If this interpretation of the red filter scan is correct, then the 
tendency for shifting the data points by the right-left gradient would 
have to he removed Crom the Figure 4 plot in order to correctly 
assess the results. I would suggest that the below 60 data points be 
shifted upwards while the above 60 equally downwards until they 
Call along the same line to approximate the data plot which would re­
sult had a scorched area been scanned in the center of the photo­
graph where the data from the facial image were collected. With this 
correction, the observations from Figure 2 and a would follow, 
namely that an independence of all image features sampled with re­
spect to color composition and variation with neutral density exists 
within the resolution of the analytic technique used. 

This conclusion, however, should be regarded as preliminary 
and has been presented so as to provide guidance to those who are 
actively researching the Shroud or who may do so in the future. Ob­
viously, a high quality color photograph (without anamolous density 
gradients) or, better, a series of photographs taken with narrow band 
filters would aid in distinguishing various image stains, it indeed more 
than one type exist on the Shroud. 

Thus, the result of this work is that I have failed to detect with 
certainty any difference between the color composition and variation 

• 1 ·r blood imago (on rore· 
wilh neutral density or tho bo•IY 1~:;11~ i~,s~ite or the fact that the 
hcnd-" lhree mark")*• and burn P\ : enough lo sense the rlghl-tert 
moLhod use~ apparently was sens1 h7c transparency. Because of this 
density gradient on the ph~~gr~~ investigations into the composi­
n.'Wlt, l would recom!°en u if an subtle differences exist 
Lion or the_ Shr?ud image tto ~f the Sfuoud, specifically those of 
between various image struc ures 
Lho body, blood, and scorch areas. 

. d hich roduced the oeutnl den· 
• I sampled alJo lh• blood stain at lhe ~~:wear i:at the side stain mlghl be 
lily values 87 .G and 92 in the pl~ts. bit ;~u the r.~ter ls extrapolated lo the lower 
t.llahUY redder than that of the ore ea I t-left dlent ls taken lnlo account, 
density values. And If the e[fect 0~1th~gbld be ~d higher than as plotted 
the right side blood data presumn J: .~u ls Cuodamentally "tedder" than that 
•uccesllog that the blood image or eb~~:d data samples were taken. However, 
ur I.he forehead where the other our r I ary until more precise and com· 
0111 observation should be regarded as pre llJI n 
prehcnsive measurements can be taken. 
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Cf)MflU'l'l.:Jl It t-a,A'l't1:n INVt1;sr1r IA'l'IONS cw '1'111·: 
JIOliY SllROUD 

By li:ric ,Jumper, .John ,Juckson, n11d Don Uovnn 

lnLToduction 

Ever since Secunda Pia captured the image of the Holy Shroud 
with his camera, photographs of the Shroud have been used almost 
• 1•lusively as the basis for scientific research into the myst.erios of 
thl~ precious relic. Much has been learned from these Shroud photo. 
KtHphs by scholars who t irelessly studied them using the unaided eyo. 
Undoubtedly there is still much which can be learned through in· 
••·•ligations of this type. Wh.at we intend to discuss here i$ an ul­
l• 1guther differei;it approach to studying photographs of Holy 
%roud, this approach involves the use of computers. 

Before entering into our discussions of computer techniques for 
111vusligation of the Holy Shroud, it is well to address the topic of 
llftcctations. To many people, the very mention of computer 

1 ~hniques for such a sL'Udy suggests aesthetic enhancement. In 
"'ntity, this is only a small portion of what can be done using com­
ttUlors. In fact, the work we have done to present does not even 
irldress the question of aesthetic enhancement. 

Jn what follows, we discuss our initial investigations ·into the use 
111 compute~ techniques to st'Udy the Holy Shroud. We will first 
01ldcess our effort in scientifically enhancing Shroud photographs 
mtl comment on some of our findings. We will then discuss some or 
lht• work we have done in examining the density patterns of the 
lhroud image and how this migl:\t relate to the cloth-body position-

11111 and understanding of how t!ie image wa.s fanned on the Shroud 
I Lhe time of Jesus' burial. 

Finally, we will discuss some of the things we believe are 
1mssible using computer techniques. It is not until this last section 
I h nt we will even address the question of aesthetic enhancement. 



I, Sc1onlif1c l~nh an~t uf lht• Shroud l'holu~al!)1 s 

By scientific cnhancemcnl of the Shroud 1 the enhancement ol' · . f 1 P io toi:raphs, wo meun 
informalioo T lmdages or l 1e pur!>?se of ex lructing scienti(ic 

. · ? coo uct our scient1f1c enhancement ·t d 
commercially available Cilmstrip of the 1931 photogr• h ~ uE Y: t 
was used The Shroud h t h •1P s o nrie 
transpare~cies f p o ograp son the rilrnstrip served as source 
formation of theo~. a ~~n;.puter .process which involved the trans­
the . 1 

15u m urination contained in the grey shades of 
im.age on eac 1 photograph into a set of numerical values o 

numerical representation of each image was obtained .t . nee a 
puter processed and a new 1 • , 1 was com­
on a viewing screen. The ei~~~puJ~r en l~nced image was recreated 
graphs of these recreated image~e F1f~~sfn;sented l~cre ar~ photo­
sentation of tlie enhancement · r . grve~ a SC ematic. repre­
wh.ich is contained in our article :u~d ~n ~~~~- explanation or 

Figure 1. 
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System components H throu Y P otomull1pher at G. 
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r '"" on magnetic tape at M .. 

Somo or the results or I.his 1•ll11r1 nre presented in FigurC11 2 
through 7 ond 12 through 15, the even numbered figures being the 
originals scanned and the odd being the enhanced version or tho 
prt>vious figures. 

Examination of Figures 2 and a shows how some of lhe fain ter 
11orllons or the image have been exaggerated so that the outline o r 
llw hair and shoulders are more noticeable. It should be noted that 
tho edges of the image arc not dis tinct but somewhat hazy. This is in 
'"inlrast to what can be noticed from Figures 4 and 5 of the face. 
1 lne, even under enhancement, the edges of the face are quite d is­
tinct. It is our opinion that this indicates an obstruct ion of some 
11url which hindered the normal process by which the image was 
formed, perhaps a chin bandage as proposed by Barbet2 or a fold us 
proposed by Ricci3. 

F igures 6 and 7 reveal a feature not previously noticed by in ­
vustigators of the Shroud4, the possible existence of a thumb posi­
tioned as indicated in Figure 7a. 

This observation wou ld tend to discount Barbet's speculation 
thul lhe thumb remained drawn into the palm or the hand at the 
11mc of burial. In as much as the absence or the thumb oo the 
Shroud has generated significant medical discussion in the past, we 
lhought that an independent experiment ought to be performed to 
•'C if the thumblike feat.ore appearing on the computer picture could 
l"Operly be identified as a thumb. We constructed a full-sized un­
hlN1ched muslin model or the Shroud upon which we drew to exact 
111·olc the actual image or the body. Using the model, we enshrouded 
volunteer subjects of heights varying Crom 5 Ceet 10 inches Lo 5 feel 
11-7/8 inches so I.hat the appropriate features on their bodies 

1 uincided as much as possible with those indicated on the cloth. 
With the subject's t humbs placed rirst under the palms t hen along 
their right arm as indicated in Figure 7a, measurements were made Lo 
locate the point of contact of the Shroud with the right arm. In 
.. very case, the placement of the thumb under the palm caused the 
knuckles of the left hand to raise, shifting the contact point of the 
nulurally draped Shroud further up the i-ight arm then t he actual 
ont:1cl point indicated by the onset of blood stains on the Shroud 

(ngain see Figure 7a). Photographs demonstrating this result are 
~lwwn in Figures 8 through 11. 

Additional work (detailed in Section II) indicates that the den­
•ity or the thumblike image is consistent with that density which 
would be produced by an object about 3 cm beneath the cloth, the 
dislance a thumb would be from the naturally draped cloth if it were 
11s shown in Fi1,'Ure 7a. It is, therefore, ollr opinion that the new 
1muge is a thumb. 



Figure 2. Unenhanced picture or back or head. 

Figure 4. Unenbanced picture or face. 

Figure 3. Compuwr enhanced version of bock of bead. 
Figure 5. Computer enhanced version or !nee. 



Figure 6. Uncnhanced picture of hands. 

version or hands. Arrow points to thumblilto 

Position or the thumb as it appears in Figure 7. Also indicated II\' 
experimental points or contact of our cloth model with lower fore· 
ann (as discussed In text) wiU1 thumb under tbe palm (point A) and 
to the side or the foreann (point B). The true contact point is deter· 
mined by the onset or blood Oow (point C). The thumb on the side 
and not under the palm best explains the J>O$ition of the onset or 
blood now on the forearm according to the Shroud. 

' ' ·~ -

Figure 8. 

' 

Enshrouded subject with thumb under palm. Pointed out is the 
initial contact point or shroud model with forearm. 



Figure 9. ~ndraped subject indicating lhumb location for experiment of figure 

Figure 10. Enshrouded subject with lhumb along arm. Pointed oul is tbe initial 
contact point or shroud model with forearm. 

Figure 11. Undraped subject Indicating thumb location for experiment or figuro 
10. 

Figure 12. Unenhanced calf and ankle area. 



Figure 13. Computer enhan~ calf and ankle area. 

Figures 12 and 13 show how the computer was able to fill in 
the calf and ankle areas of the legs. 

Figures 14 and 15 show the most interesting result, the appear­
ance of faint images :tloog lower portions of both legs. These images 
had not bcoa noticed previously as attested to by Bulst5. As ex­
plained in more detail in Sindon, we feel that these images are in fact 
side images of the legs of Jesus. The CJdstencc of these side images is 
significant because it suggests that the image fanning process on the 
Shroud had to be a horizontal as well as vertical one. 

Finally, Figure 16 shows the result or :1 computer technique 
called gamma enhancement which presents on the viewing system 
only the highest density portions of the original image. lo the case 
oC the Shroud, this became a map of the blood stains, nnd thus con­
tact points of the Shroud on the body. 

Figure 14. Unenhanced (ull front Image. 

Flirure 15. Computer enhanced full front image. Arrows indieale faint side 
images. 



Figure 16. Gamma enhancement of full front iml&". 

II. Image Density vs. Cloth-Body Separation 

Vignoo was among many who have noticed how the image on 
the Shroud varied with separation of the cloth from the body of 
Jesus. Even a casual inspection of the Shroud reveals that the 
strength of the image decreases with cloth-body distance. But to 
make precise how this variation occurs, more than just unaided eye 
techniques are required; such analysis requires a careful character­
ization of the intensity of the Shroud image as well as some 
applicable measurement of cloth-body separation. Having access to 
instrumeuts capable of performing the density measurement, we per­
formed a study to determine how image intensity on the Shroud de· 
pended 011 cloth-body separation as depicted on ~he Shroud. 

We began our study by determining the cloth-body separation 
distances. To do this, we constructed a cloth model of the Shroud to 
actual size by projecting a photographic image of the Shroud on 
cloth and the body, blood, water, and burn marks, were each drawn 
in its own distinctive color. This model, shown in Figure 17, was 
draped over reclining subjects (Figure 18) in such a way that all 
image features were aligned over the corresponding body parts 
(Figu~e 19). Under the assumption Lhut all blood marks indicated a 

Figuni 17. Model or Shroud. 

...... - ... -
' 

Figure 18. Draped reclining subjecL 



_., 
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Figure 19. Undraped reclining subject. 

direct body contact point, we required that all such marks touch the 
subject. Care was also taken to assure that all body images were over 
the appropriate body features though not necessarily in contact. 

We then photographed the enshrouded subject with the cloth in 
place and removed to obtain Figures 18 and 19. 

From these photographs, we constructed a drawing similar to 
Figure 20 which indicated relative positions of the ridge of the cloth 
and the body profile below it. This drawing permitted the accurate 
measurement of body~loth separation distances along this ridge line 
which we assumed would give an estimation of the actual distances 
which must have been present in the case or Jesus' burial configur­
ation. 

After completing the body-cloth distance measurements, we 
proceded to determine the intensity or the body image along the pro­
jection or the ridgeline on the Shroud image shown in Figure 21, (the 
line from which we measured cloth-body separation). 

An original lantern slide given to Father Peter Rinaldi by Enrie, 
the official 1931 exposition photographer, was graciously made 
available to us by Father Rinaldi for these measurements. 
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Ficure 21. Ridge line intensity scan and comllation to cloth-body separstion. 



Pieure 22. Lantern slide being scanned by microdensitometer. 

!~:~an~ed ~he ~age contained on the lantern slide (see Figure 22) 
chan~ m.icr? e11S1~me~r, a precision instrument able to read minute 
light a~t:'t:1ba;e mten~ty. It does this ~Y measuring the amount of 
The result or t~=i:d through the 1?1ag~ from point to point. 
20. ' er some proce:ssmg, 1s also shown in Figure 

the !:~~ ~::J!~: it . can be seen that, ~s expected, the intensity of 
b d d Y mcreases as the dJStance of the cloth to the 
thoata di:;:::;: irn Inag facft,J this variation is ~ predictable and regular 

e o esus can be seen m the im e inte ·ty 
file of the microdensitometer. Indeed a detailed ag . 6°51 pro. 
that the varia.tion of image intensity wilh cloth-bod and8!YSIS revealed 

Pri;~aessrkabolfy.s1milarffor al! locations over the body ~m:i~~~t~aet~~~ 
image onnat1on was i d d 1 propertios. n epen ent o( ocal body surface 

. T?e fact that the image on the Shroud varies . 

:! :~ta~~~~~i~:e u~~u:!o~!!;:~~~t ~~: d?finit:p~;:1~~~!;'. 
Shroud. And because this is so th e 1mag~ ~n the Holy 
appropriately be an ob ·ect .• . e. study or th.is 11Dage must 
rather than a metapbysic!t ph~~o:~:~i::.ic, mathematical principles, 

We believe that lho ability to characterize a Call-off reluUon of 
image intensity provides sludents or lhe Shroud with a l~chniquo lo 
help answer some crit ical questions regarding the mysterious Shroud 
image. For example, the problem as to how the cloth lay over the 
body o r Christ can be addressed by using the applicable cloth-body 
disLnnces indicated by euch theory of how the body was draped. 
1'hus, questions such as whether or not the sides of the cloth were 
held away from the body by the walls or a possible burial enclosure 7 
or if the body was wrapped by a series of tucks and folds proposed 
by Ricci8 can be addressed. 

Ill. The Potential or Computer Processing 

Over the po.st several years, a rather remarkable fusion or 
scicntiCic disciplines has been occurring. Physicists, mathematiciims, 
engineers, computer experts, doctors and psychologists have com­
bined their skills and techniques to create the "new" field or visual 
image enhancement and pattern recognition. Although a new field, 
iL is a rich one ... perhaps necessarily so, since vision is by Car the 
most complex and comprehensive human means for perception of 
the physical universe. 

Already, the developing techniques of the science of computcr­
ossistcd image enhancement have been used to extend man's ability 
lo clarify visual images which are often unclear or distorted when 
first photographed or seen by eye. Such techniques are being used 
more ond more, for example, to improve medical diagnostic images 
obtained with X-rays, or 'vith the new nuclear medicine and ultra­
sound devices. Similarly, the recent advances in analysis of earth 
resources information contained in Satellite observations would not 
be possible but for visual pattern recogniLion techniques (to dis­
tingu ish cultivated land from unplanted land, and healthy crops from 
diseased, etc.) developed in the past few years. 

As a visual object, the "problems" or the Shroud are several­
fold: the visual "contrast," that is, the dark/light relationships 
between recognizable features and their surro1mdings are distorted 
(with respect to the image of an undraped human form) by the drape 
or the cloth and the process which created the gradations or staining 
which convey the image. Similarly, tho edges of such features are 
blurred; this simultaneously reduces overall visual, clarity and im­
pact, and disguises or obliterates small physical and anatomical 
features. Finally, the drape of the cloth itselC, and the interaction of 
this drape with the image-forming process, introduce geometric size 
and shape distortions which combine with the contrast and edge­
sharpness distortions in a somewhat symbiotic manner. 



All of these "problems" or the imn11c on tho Shroud huvc al 
least potential solutions, or approaches toward solutions, in this 
"library" of image enhancement Lechniques. While, in general, there 
are no absolute prescriptions, "do this and that and the image will 
certainly improve," it is well established that the chances for success­
ful enhancement are directly related to the quality or the initial 
photographic imago and to the care and knowledge which went into 
the preparation for obtaining that image. 

Ideally, a photographic "experiment" should be designed Crom 
a definite plan as to the image enhancement techniques whose 
application is anticipated. In this light, the film should be exposed 
under carefully controlled conditions which permit the opacity (the 
so-called photographic density) of each point on the film image to 
be associated with the amount or light energy which was actually 
reflected from the real object. Similarly, the intensity or light 
shining onto the Shroud should be measured so that the Shroud's 
reflectance properties can be determined. Large format cameras 
should be used to permit "scanning" devices wltich convert the rilm 
image into a form suitable for computer processing to retain the 
highest possible degree of geometric resolution - to "see" the details 
of the weave of the cloth so that, if desired, this weave can be 
eliminated, filtered out, of the enhanced image. 

Further, if new photographs of the Shroud could be made 
under scientific conditions such that the image intensity could be 
calibr~ted in terms of the spectral reflectivity of the image, then this 
quantity could be determined as a function of cloth-body distance as 
described in Section IL The implications or this could be far 
reaching, ror then, the spectral reflectivity variation on the Shroud 
could be tested against those predicted by various theories ranging 
from Vignon's vaporograph to Ashe's scorch9 hypothesis and in so 
doing, inconsistent theories can be eliminated. This would involve 
nondestructive testing of the Shroud since all that would be required 
of it is a special photograph. Perhaps one day this can be done and 
we will be 6ne step closer in understanding the origin of the ras­
cinating image on the Shroud, an image which might even be a key in 
understanding the phenomenal aspects of Resunection. 

Finally, and perhaps most importantly, comparison experi­
ments similar to those discussed in Section ll should be performed to 
permit point by point distances to be measured between a cloth (of 
similar fabric to the Shroud) and a human form over which the cloth 
is draped or closely wrapped according to hypothesis being tested as 
to the true manner in which the Shroud lay on Christ's body. These 
experiments, coupled with a known light-intensity/film-opacity 

cCJm.'llpondcncc, would 11 .. r1111l a lllO!IL import.nnl reluLiomhip to l.111 
rumied - the relationship between the intensity or staining of Uw 
Shroud (as manifested by the amount of light reflected) anrl tho dif;. 
tnnce between the surface of the Shroud and the physiologicnl 
features bencatl1 that surface. 

Having established this relationship - which embodies spatial 
light value distortions from the corresponding pattern of light re­
flection from an undraped human form, it would be possible, to 
some extent, to compensate the Shroud image for these "grey. 
shade" distortions and thus create a more natural "photograph-like" 
representation of the form which lay beneath the Shroud. Similarly, 
those geometric "prorile" distortions brought nbout by the drape of 
the Shroud can be corrected by a process sirn ilar to one used to 
eliminate wid&-angle lens distortions Crom satellite mapping camera 
images. In this process, a known object (the photograph of an un­
draped human form) is imaged through the distorting system (the 
photograph or the draped form) and then the changes needed to pro­
duce the true image from the distorted image are measured over 
many small regions which comprise the total image. These connec­
t ions are then applied to the experimental images (the actual Shroud 
image) to produce the true image (the "reconstructed" undraped 
rorm). 

Given the darknight gray-shade pattern of the Shroud image or 
or a reconstructed "true human form" image, other patterns can be 
emphasized by image enhancement techniques. Tht>Se 11atterns l 1 • -.... -may yield new insights into the process which formed the image on 
the Shroud, or to provide evidence in support of hypotheses con­
cerning the irn age. For example, it is possible to create contour 
patterns showing clearly all regions of equal light reflection inten­
sity, a process which we have already tried (sec Figure 23). Or, it is 
possible to isolate one range of reflected light intensity values and to 
highlight this range. t 

On a smaller-scale level, it is possible to "zoom in" on selected 
ro~ions of the image and to greatly expand the light/dark gray-shade 
contrast oC such regions to permit tbe eye to perceive otherwise in­
visible subtle gray level distinctions. Very often such subtle low 
contrast rellions are additionally degraded by edge blurring, perhaps 
caused by the inherent edge-blurring properties of the process which 
rormed the Shroud image. If the distorted "softened" edge of a 
region on the image which is known a-priori to actually have a sharp 
edge can be measured with good resolution, it is possible to recreate 
an image with the edge blurring distortion removed or reduced. 



Figure 23. Density contour map of face. 

Still nnothor 11roup •it hn~11u cnbnncemont tcohnlquC!I uro 
ovuiloble whfoh involve lhu c<incopl of "spatial frequency" muni· 
pulalion. These techniques make use of the mathematical fact lhnl 
:my image pattern of dark and tight film areas can be created by \he 
nu per-position of a series of overlapping regular "weavelike" patterns 
("reference to weave is in a general sense and not specifically lhe 
th rend weave of the cloth which of course has a characteristic pattern 
contributing to the total image.") Each such "weave" consists or n 
repetitive sequence of dark peaks merging into light troughs which 
In turn build back to dark peaks. Different weave have different 
"Crequencies," that is, different distances between adjacent peaks -
ns well as different "amplitudes," that is, different peak film opacity 
or density. 

It is mathematically possible, in the computer, to determine the 
weavelike structure which represents the Shroud image and to then 
modify this structure so as to produce certain results in the visual 
Shroud image which would be recreated from the modified weave 
pattern. By this means, for example, it would be possible to 
eliminate the perhaps distracting texture introduced, in enlarged 
im<iges of Shroud features, by the weave of the cloth. Since the 
weave itself is very close to a weave pattern (with a quite small dis· 
lance between adjacent peaks), the degree of elimination could be 
qu ite high. Similarly, the visual impact of large-area blemishes due to 
wnter or fire staining could be reduced since such features ad like 
weave pattern with a relatively large cfu.i:ance between peaks. 

The above ate but a very few of the techniques which could be 
brought to bear on the enhancement of the Shroud images for both 
aesthetic and "technical" purposes. They are presented primarily to 
indicate the potential of this new area of the technology in aug­
menting the body of detailed knowledge as well as enhancing the 
visual presence of this most fascinating and awesome relic. 
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'l'ONAL DISTOH'l'IUN!l IN NllllOUO IMAGE PllCYI'OCllAl'llS 

By Robert U. LaRue, Jr. 

Giuseppe Enrie's photographs of the Turin Shroud taken in 
1931 have long been standard references for shroud related research. 
l~nrie's photographs, however, are inadequate for today's advanced 
research techniques. This paper will present the errors that exist in 
the reproduction of tones in bis photos, why they ex ist, and impli· 
cations to current research. 

In March of 1977, I first saw color transparencies of the 
Shroud. Having previously seen only reproductions of black and 
white prints, I was surprised at how faint the image on the cloth 
uppeared. Initially, I thought that the slides may have been over­
exposed or poorly duplicated. Closer examination revealed detail in 
the cloth weave that would have been lost by overexposure or 
washed out by repeated duplication. Why then did the black and 
white prints show the image in such bold contrast to the cloth? If 
this effect was due to a tonal distortion of the image by the photo· 
sensitive materials employed, how would current shroud research 
projects be affected? 

Since the image appeared to be a reddish-brown color, it seemed 
possible that Giuseppe Enrie had used orthochromatically sensitive 
emulsions for the black and w bite photographs taken in 1931. 
Orthochromatic emulsions are not sensitive to the color red, so areas 
of the emulsion exposed to .red light will record no exposure. The 
rust-colored image on the light colored cloth would record on an 
orthochromatic negative as an almost tnnsparent image against a 
black background. Prints from this negative would show the image 
as black against a nearly white cloth background: exactly the 
appearance of Enrie's photographs. 

Enrie's own writings confirmed my deduction that ortho­
chromatic emulsions were used for his 1931 photosession.l· Enrie 



WM f11mili,1r with Ille hundlutK llntl photOKrlljlhll' r~hPl!nMl d111ructur• 
istics. ln nddillon, Pnnchromatic emulsions sensitive lo all visible 
colors - were not yeL readily available in J 931, nnd perhaps unob· 
tainable by Enric. To further enhance the conLrnst between the of(. 
white cloth and the image, Enric used a yellow filter for some of his 
exposures. Such a filter would increare the contrast between the 
stain and the cloth while eliminating yellows and some browns. 

In the official report of the 1969 Turin Commission on the 
Holy Shroud, the photographer Gian Battista Judica Cordiglia re­
ports that he was surprised to see that his photographs were quite 
different from Enrie's; "We were astonished to find that the develop­
ed picture did not look as if it had been 'engraved' as with Enric's 
pictures, but faint.er and more diaphanous."2 Cordiglia's photos did 
not have the inherent contrast or Enrie's plates because the 1969 
photos were taken with panc11tomatic emulsions, which much more 
accurately reproduced the full range o! tones of the image. Only by 
contact printing his black and white panchromatic negative on to 
high contrast photomecbanical film was he able to approximate 
Enrie's results. Cordiglia's original negatives contain far more 
valuable information for analysis than bis enhanced contrast repro­
ductions. 

Enrie's use of orthochromatic emulsions produced boldly de­
tailed photos which, for general use and analysis, were extremely 
valuable. However, the emulsions' inability to accurately reproduce 
the image's relative tones of red introduced tonal distortions in his 
negatives. The orthochromatic emulsions recorded the varying tones 
and densities of the image as essentially only one density on the 
negative - any red areas would be clear and indicate no density on 
the negative. Subtle variations of tone apparent in the 1969 color 
slides are therefore absent in the 1931 black and white photos. 

As the analysis methods applied to the sluoud become increas­
ingly sophisticated, the tonal errors of Enrie's photos become in­
creasingly significant. In the computer.generated three dimensional 
reconstructions o( John Jackson and Eric Jumper, these errors are 
particularly important. Using Vignon's hypothesis3 that the inten­
sity of the image varies inversely with cloth·body distance, and 
microdensitometer intensity scans of Enrie's photos, Jackson and 
Jumper were able to quantify the cloth·body distance relationship 
and as a result construct a surface relief computer imago of the body 
once contained by the cloth. Errors in that relationship may well be 
present due to the tonal errors in Enrie's photographs. The presence 
o( these errors could greatly change any hypothesis one might make 
about the process which formed the image. 

Tho use or photnwuphs obu1lncd with punchromnlic cmulsl~ns 
. . . , le graduation of tones cont.nm mg 

~.,i~i1f.c~~~~;d~~r~n~~·t:i~~c i~cf~~~;ation for future intcnsity/cloLh· 
~ 1 · h · orrelat1ons 

hody dis~nce re ntions ip c d ccd w.ith the latest technology and 
Enrte's photos wc~e p.ro u ve served for nearly forty years IUI 

nrnlcrials available .to him, ai;d h~ . t'gators. Photographs from 
11nmc research ol?J~CLS for s irou mt,vets lb• taken will provide new 
the 'l'urin Commiss1on and those ye o c • 
<iurccs of information for further research. 
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A PROBLEM OF RESOLU'l'lON POSED BY 
THE EXISTENCE OF A THREE DIMENSIONAL 

IMAGE ON THE SHROUD 

By John P. Jackson 

Introduction 

If the image on the Turin Cloth was not three dimensional, the 
sharp detail which characterizes the image would present no diUi· 
culties.l For then, such high resolution could be easily explained as 
I he result of a simple point by point contact transfer between the 
cloth and body. But, as established in Reference 1, the image is 
three dimensional and therefore such a "direct contact" mechanism 
could not have been responsible for generating the Shroud image 
since (it would seem) the production of the image must bave 
occurred through the space between the cloth and body. This being 
Lile case, it now becomes a problem to explain the sharpness or the 
image. As I will show in this paper, many physical processes which 
could have discolored the Shroud from a distance (i.e. diffusion, 
thermal radiation, etc.) degrade resolution of the projected image 
much too severely to account for the sharpness of the image on the 
Shroud. 

I do not offer any specific theory as to how the Shroud image 
might have been formed. Rather, my purpose is to evaluate how 
various " three dimensional" image forming mechanisms affect image 
resolution. My approach is to examine a class of plausible image for· 
mation mechanisms (i.e. those which act through space) by a single, 
simple model characterized by parameters which can be adjusted to 
values corresponding to specific image formation mechanisms. I then 
derive restrictions upon these parameters which must be met in order 
to explain the observed degree of resolu tion of the Shroud image. ln 
so doing, those image Connation mechanisms corresponding to com· 
binations of parameters which do not meet the calculated criteria I 
discard from among the possible candidates of three dimensional 
image formation processes. 
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~~ri':,lili,~l=~e~g 0~• geometric relaii~nships which 1n the !ext 
area dA2 on Surface 2. Particles from point A on Surface 1 lo an 

As a generality the parti I . 
to be anisot.ropic that is th~ es emitted from Point A are allowed 
direction. It a t~tal of N t tt:fir d~gree 0~ em~ion. varies with 

4. t, the number of partic~p~~IC etsh~re ref.e,ised '~ a trme in terval 
taken to be ' l• at go rn l.o solid angle d.Q are 

dN1 ~ ( m + 1 ) ( 
2 " cosmo )NAd.Q (1) 

wlwr<' m is the mdt•x wh11 h .1djust.s the dC1Jrcc of nnit;ntm py .11111 
0 is t.he angle measur!'d rrom the vertic-.il of Surface I (O<'c FiRUn< 

I). Lurge m corresponds Lo most of the particles being emiltcd up­
wards. m equal to zero, on Lhe othor hand , corrosponds to the dis· 
1>ersion of particles evenly in all directions.** If equation (1) is in­
tegrated over the entire solid angle available for emission, a hcmi· 
sphere of acr~le 2 11 sterudians, then an integration over all solid 
unglcs, .J ('3fr)d n , will equal NA· 

As 'Ll1e particles travel to Surface 2, it might be possible that 
some are absorbed. To allow for this possibility, a parameter, k, 
which governs the degree of absorption (in units or inverse distance) 
is used. Then, the number of particles passing through the area dS or 
F'igure 1 is 

dNs • dN1 e·kr (2) 

where r is the direct distance between point. A and position x,y on 
Surfuce 2.*** If d is the separation distance between Surfaces 1 and 
2, Lhen 

(3) 

As particles are absorbed on Surface 2, it might be that the ab­
sorption coefl'icient et (i.o. fraction of particles absorbed) is aniso· 
tropic and depends also on () This possibility is accounted for 
by assuming 

et • 012 cos0 () (4) 

where n is the index of absorption anisotropy and et 2 a constant 
which is less than or equal to unity. Note that high values of n tend 
lo sharpen the image (even though the emission from Surface 1 may 
have been totally isotropic, m--0.) 

Thus, the number or particles dN2 which pnss through area dS 
and arc absorbed on Surface 2 is 

(5) 

• The cos"' 8 £actor is used to express anisotropy since it is a fonn often 
round in physical problems. For Instance, I.he limb darkening of ~c Sun being 
the ruult or anisotropic emission or radiaUon is exp~d 1'ia a cos e tenn. 

•• ln a sense, molecular dif£usion comisponds to lh(l case m• O since, even 
though particles do not trove! in stral~ht line paths, dlrrusion of NA pnrticlt-s 
from a point source produ«s an isotropic dlsltibution or particles at all later 
tlmcs. 

*** This equalion is used lo express particle absorption since it ls used very 
oHen in physics, for example In attenuation of radiation. 



Now, IC n2(x,y) IA lho number or nbi;orbed particles per unit 
urea on Sua·racc 2, lhcn by doCinltlon 

n2 = dN2/dA2 (6) 
where dA2 is the projection or area dS onto Surface 2 given by 

dA2 a dS/cos 0 (7) 

Combining Equations (2), (4), (5), (6), (7) and the definition o( 
a solid angle, 

d n ~ dS/r2 (8) 

the following relation for nI(x,y) results, 
n2(x,y) = ( m

2 
+ir ) a 2{cosmon+l) NA e·kr1r2 (9) 

But Crom geometry, 

cos 9 - d/r (10) 
so, 

~ 
m+ n +l] -kr 

( ) 
_ ( m + 1) a 2 NA d e ( 

n2 x,y - 2 n r m+n+3 11) 
nnd t.he total number of particles, N2, found on Surface 2 must be 

N2 = f1~ ni(x,y) dxdy (12) 

Thus, the probability ofa particle absorbed on Surface 2 being found 
in the region x to x+dx and y to y+dy is 

f(x,y) dxdy • n2(x,y) dxdy/N2 (13) 

Thus, 
C(x,y) • C e·kr/rm+n+3 {14) 

where 

C = {m+l) a 2 NA dm+n+l/2 lf N2 {15) 

is a normalization constant. f{x,y), then, may be considered to be a 
sort of "probability image" of Point A or Surface 2. 

The Condjtion For Rc50J11tjnn 

Consider now two identically emitting points on Surface 1, 
Points A and B, which are separated by a distance D along the x-axis 
with their midpoint at x=O, y=O. The combined "probability image," 
f AB(x,y), of these two points on Surface 2 would be given as a super­
position of two individual point probability functions f(x,y) each 
like that of Equation (14), 

CAB(x,y) = 1/2 [ f A(x,y) + fB(x,y)] (16) 

D/d » 1/3 

well Reaolvi::d 

(D• 4 unite) 

Dfd '; 1 /3 

Jus l 1.e.solved 

(O• Z unitl) 

Figure 2. 
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• 
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• 



whure: 

and: 
f A(x,y) C(x t 0 /2,y) 

. fa(x,y) = f(x. D/2,y) (l 7) 
~AB(x,y) is the probability of an absorbed particle b . C d . 
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the x-axis it is "bl d . ' • e unction fAB(x y) along 
• ' poss1 e to etennme the degree of re I r, . h 
image patterns on Surface 2 of Points A and B F' so(2) ~fn ot t e 
how fAB(x,0) changes with se ti d" · 1gure. 1 lust.rates 
that as D decreases it be para on i:i~ce D and 1t can be seen 
points. When D h b . com~. more difficult to discern the two 
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: ( us, tb.e con~ition 

Figure 2): 2 ur ace IS by COllSlderation of 
d fAB(x,o) / 

.. 0 dx• (18) 
X=O 

Thus, Equation (18) prov"d th d" . 
in order that t · 1 es e con it.ion which must be satisifed 

wo pomts on SUJ'.face :z a d" · 
another and not a blur or unintelligibl ppear . JStm~t Crom one 
(along the x-axjs). I t should b e una~e mten~1~ patterns 
similiar from that of 

0 
tics ~no~~ that this.analysis 1s not dis· 

resolution can be calculate: 2 m w uch the diffraction limit of 

d 
Skinceh_r AB(x,O) depends directly on the three paramete 

an w ich arc measures C . t h rs n, m, 
possible to determine via E 0 .aniso rop Y and attenuation, it is 
at the limit of rcsolv;bil ity ~uatf1.on (18h), the r~lation between them 

Aft h . ' i.e. rom t e equality of Equation (18) 
er muc straightforward J I · · · k ;;. 0), ca cu ation, 1t turns out that (for 

k • ·b + Vb2 · 4a c/2a 

where a = ( D )' b [ 2(m+n)+ 1 
2r· ro - ~· 

o (20) 4 ro - 1 (21) 

(19) 

c - fD'.r.11it3)r ~e+5> ~20 • _ 11 L1 ~ r.- v~2+a2 
(22) (23) , 

Tlw:.e l!(tllutoun, simplify under certain conditi11111< On tlw 
Shroud, as will be explained and quantified taler, I find cort.nin n~ 
solved reatures of separation D and distance d from the clolil whi1•h 
snlisfy the inequality d » D. In that limit, these equntions reduc" 
lo 

(24) 

with the additional restriction that 1 « 4 $•- 1
: , a vel'Y, largu 

vafue.• Equation (24) expresses the ract that k decrea.<;es as '£ in­
creases because, as k decreases, there would be no need to attenunio 
the edges of the "probability image" of each point as much sin~<· 
with large J, not as many particles are emitted or absorbed ol 
angles to form those edges; and, of course, it is necessary to suppre"' 
the edges either by attenuation or anisotropy (or both) to allow 
high resolution (i.e. small D) of the two imago points. 

Discussion 

Up to this point, a general model for image formation on Lhc 
Shroud has been presented. [t is not the only one which may be en­
visioned bu~ it has the advantugo of assessing what kinds of anisu· 
tropics and/or attenuations would be required for a process which 
acts through space, distributing "particles of information" in various 
directions. Further, various mechanisms can be selectively examined 
by choosing a specific combination or parnmet.ers. For example, re­
solution by molec:u lar di[(usion can be estimated by considering 
values of (m,k,n) equal to (0,0,0), thermal radiation also by (0,0,0), 
thermal radiation with attenuat:on by (O,k,0) (k > 0), and so on. 

Now, to apply this model to the Shroud image, it must be deter­
mined what ratio D/d is characteristic of it. For this purpose, I have 
chosen the lip area rrom which to estimate this ratio. A simple 
measurement of the distance between the two lips (which are easily 
resolved on the Shroud) gives a value of Dtipi° .4 cm. The fact that 
the lips lie well below other features on the Shroud's three dimen­
sional facial image, for example the nose, implies that the lips could 
not have been touching the Shroud (reference 1). This fact was also 
confirmed by the placing of u cloth model of the Shroud over a 

* .i - m + n 
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Conclusions 

Given this value for Did it is "bl d . 
values of m n and I Th ' possi e to etermme the required 
(24). • • <. ese are plotted in Figure (8) via Equation 
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Figure 3. Panuneter space showing h t al .. 
explain resolution or Shro~d Tm~e'.'es or k and m + n are requln!d to 

For most of the curv th . . 
as high as 25 -1 f e, ea:;ttenuation k IS greater that 10 cm·l even 
and n. Such v~~es ;:~sS::her:i~ues of the ~nisotr<;>phy parametei:s m 
the degree Of r~solution of the S~ be J~ns!dere~ I~ order to explain 
the model presented in this Bu . image w1thm tho contex t of 
that my collegue, Eric Jum:~e!~d ~~~ w_oulhd seem, ~r~m ~e work 

' in c aractenzmg unage in-

• 1'his value Is probably an upper 11 It. Dii 
lhc .limit or resolution, which Is definite~ l iJlP• should rcal!Y be evaluated at 
dlslinct lips. Thus, Di· must actual! koo • case (or the images or the two 
Al'?, dllps is probably ~~n freater tha% th smaller than the .4 cm given above. 
subject tiad no beard which would have cl e ~edasuhred l.1 c~ since the volunteer 

cvaw t e cloth higher. 

t.onsiLy versus cloth-body distance (Reference 1), that k should not 
exceed 1 or 2 cm·l . T hus, I must conclude thaL models with little or 
no anisotropy, such as molecular dl(fusion or u nattenuatcd therm 111 
radiation, cannot be responsible for the image on the Shroud. In the 
small domain where k is acceptable, i.e. on the order of 1or2 cm·l, 
the anisotropy parameter m+n would have to be on the order of 25 
or greater. That is, the combined efrects of both emission and ab­
sorp tion anisotropies would have to explain an extremely high 
anisotropy by a term cos25 B which appears in Equation (9) . 
Further, if the anisotropy of emission was Loo great, then other 
problems arise, for instance in the nasal region, since it would be 
then impossible to account for the production of an image directly 
above the "sides" of the nose which slant at relatively large angles 
from the hori7.ontal. It wo1dd seem that the image of the nose would 
then appear much too wide and deformed on the Shroud image. 

In view or the fact that actual required attenuations or aniso­
tropies are probably even greater than those discussed above (because 
D/dJjps is probably smaller than 1/8).* I am forced to conclude that 

i"igure 4. 

• 

• a • .& .II 

Sensitivity to the ratio D/d or llne separatlng those values or k and 
m + n which nrc required to explain resolution or Shroud image 
from t11ose which do not. 

• Figure (4) shows gnphs or k V0'1US m+n for various values or D/d. It Is 
apparent that a given curve can be shifted upwards quite significantly Cor only 
modest decreases in UJO ralio 0/d. 



any reasonabll' physical nll't·hnnb:m which cnn hi' npproxirnately 
treated by a combination or parameters (m,k,11) or my model clossi· 
ficalion scheme cannot simultaneously produce n thrl'e dimensional 
image and an image or high clarity ns is the Shroud irnage.t This, l 
believe, el iminntes simple molecular diffusion and thermal radiation 
(as proposed by Ashe)3, as possibilities of Shroud image formation.* 

I am not prepared to orrer any alternative hypothesis al this 
writing, but it would seem that one significantly different than the 
category or those investigated here needs to be considered. But, to 
be successful in understanding how the Shroud image was formed, 
more research must first be conducted. Until then, its origin will 
probably remain a scientific puzzle. 

• However, Ashe's view that the Image Is the result or a scorch is not neces­
sarily incompaUble with this result because mechanisms other than isotropic 
thennaJ radiation could scorch cloth. 

t Using Jnnn!!y's figure 3 (sec papor this proceedings) I have calculated that 
features smaller U1an .6cm arc blurred. Since molecular dlffusion/thcnnal 
radiation processes should not resolve image features smnllcr than cloth.body 
distance separation (sec figure 4} and that distance is roughly lcm, then Janney's 
blurred image approximates the best image of these image tonning processes. 

1. 

2. 

3. 

P J r J Mottern B., Stevenson, K., '"l'he 
Jackson, J. ·• umpe • ·• J : B · I Cloth " The Pro· 
Three Dimensional Image on esus una • 1 cecdings or the 1977 United States Conference of Researc ion 
the Shroud or 1'urin. 

White, J.A., "Fundamentals of Optic.s," McGraw-Hill Book 
Company, Inc., 1957. 

Ashe, G., "What Sort or Picture?," Sindon, 1966. 



AN !01, fo:C'l'ltONIC •n;cllNIQUB FOil CONS'I'ltUC'T'lNG AN 
ACCURJ\'I'~ 'l'l llrnl!:-DJMENSIONAL SHROUD IMAGE 

By John D. German, Jr. 

Burialnd1~~ P,DP~. e~titled, '"l'he Three-Dimensional Image on Jesus' 
and is includ°ed '~n 1~hes:as p~~ted ~ the Albuquerque conference 

t,::~g~~cv;~~o~i~~·~ss t~~~~~:C~~i~~ as:C~~~~:~;~:~eth:1~!~e~ 
telev· . . 1 8 c nique ror generating a three-dimensional 
I is10An iml age or lhe man or the shroud by using a Model VP-8 
mage na yzer manufactured b I · 

poratei! The second h. h YI nterpretahon Systems Incor­
d. : . . • w IC resu ted from analysis of that three-
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Relative opacity or the ph •~ h' . cloth-body distance. O-•··P oc negative or the shroud versus 

1'hc nature of this relationship revealed an imporlanl sourco of 
error inherent in t.hc construction or the three-dimensional image or 
t.ho shroud. The image on the cloth was formed by a process that re­
sulted in a non-linear relationship between the image intensity and 
tho cloth-body distance. The image analyzer system, however, 
creates a three-dimensional image for wh.ich the relief (analogous to 
cloth-body distance) varies linearly with tbe intensity. The practical 
result or this linear relationship is that the image is distorted. ll the 
gain (amount of relief) is reduced to produce an image with n 
realistic nose and forehead, the fainter portions of the image corrcs· 
ponding to large cloth-body distances have little or no relief. On the 
other hand, if the gain is increased to bring out these fainter portions 
of the image, the nose and forehead grow way out of proportion. 

The purpose of this paper is to discuss a technique for elimi­
nating this distortion and thereby producing a more accurate three­
dimensionnl image. The technique involves a system that electroni­
cally transrorms the Hnear image intensity versus relief characteristic 
or the image analyzer to a non-linear characteristic that corresponds 
to the actual image inronsity versus cloth-body distance relationship. 
This system is called the transfer !unction generator. 

A diagram or the transfer function generator is shown in Figure 
2. It consists of two video-frequency operational amplifiers con­
nected to a number of resistors, diodes and external bias voltages. 
The first amplifier, labeled op amp A, inverts the video signal coming 
directly from the television camera control system and multiplies it 
by a ruclor or ten to put it within the range of the adjustable diode 
bias volt11ges nt the input of the second amplifier. The gain charac· 
teristics of the second amplifier, called op amp B, can be adjusted to 
produce any desired transfer function by a technique called piece· 
wise lineorizaLion: npprox.imating a curve by a sel'.ies of straight lines, 
Before describing the details o[ circuit operat ion, let me discuss the 
transfer function thal is necessary in this case. 

The equation that best describes the image intensity versus 
cloth-body distance curve is 

Relative Opacity= 9 + 46 e-L03d Equation 1 

where d is the cloth-body distance in centimeters. Since the tele­
vision camera produces maximum signal for maximum transmittance 
of the photographic negative, the equation of interest must relate 
transmittance, •r, to cloth-body distance, d. This equation is 

T • .91 .. 46 e·d Equation 2 
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When Lhis is comhlnud with lhu linear Intensity versus transmittnnv•• 
characteristics or the television camera, the required rrlalion&hip be­
tween the input voltage to the transfer fu nction generator, Vin , and 

the output voltage, Vout, becomes 
Vout ,. 0.64 (l· e·23.2Vin) Equation 3 

'!'his relationship shown as the solid line in Figure 3 is the tran5rer 
Cunction that must be approximated by the piecewise lincarization 
technique. ln t.uitivcly, this c1trve seems to be of the correct shopc. 
For small values of input voltage, which represent tow image intcn 
sit.y levels, comparatively large values of output volt.age occur. For 
larger values of input volt.age, the Lesulting gain is much lower. 'fho 
effect of this transfer function will be to greatly increase the relief or 
the points with 11 low image intensity relative to the points having n 
high image intensity, i.e. increase the relief of the eyes and checks 
while suppressing the relief of the nose and forehead. This is exacUy 

what is needed. 
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Transfer functions ror a video signal or 0 ·0.7 volts. The stralghl 
dotted line is the original transfer function between the TV camera 
control unit and the image analyzer. 'l'he solid line is the trnnsfer 
function necessaIY t.o produce a correct 3-D shroud image as 
specified by Equation 3. The dashed line Is the actunl transfer 
funclion produced by the transfer function generalor. 



' rhe gcnorulion of n tl'llnsfcr function by plcccwlso llnearizoLlon 
with un oporutional amplifier is accomplished by causing the guin or 
the amplifier to change at certain selected values or input voltage. 
These values are calied break points and can be seen in Figure 3 as 
noticeable bends in the dashed line. The gain of an operational 
amplifier is simply the ratio of the feedback resistance lo the input 
resistance. Ir the input resistance can be increased as the input 
voltage increases, the gain will decrease. This is the function of the 
diodes shown in Figure 2. Each diode is forward-biased by a negative 
voltage applied through resistors RIB through R5B. With the input 
voltage to op amp B between 0 and -0.62 volts, all the diodes are for­
ward biased, the effective input resistance is the parallel combination 
of Rl through R6, and the gain is a maximum. When the input 
voltage to op amp B is between -0.62 and -0.80 volts, diode Dl be­
comes reverse-biased, Rl is removed from the parallel combination 
malling up the input resistance, and the gain decreases slightly. This 
process continues until, for op amp B input voltages greater than 
-2.76 volts, Lhe input resistance is simply R6 and the gain is 
minimum. Since all the resistors are adjustable, the gains and break 
point voltages can be set to any desired value. The "gain adjust" 
control is used to produce a maximum output voltage of 0.7 volts 
and the "offset compensation" control is used to remove a slight de 
offset voltage produced by the diodes. 

The preliminary results of correcting the image intensity distri­
bution with the transfer function generator are shown in Figures 4 
and 5. Although there is a noticeable degradation in picture quality 
with the transfer function generator in operation due to some 
problems with the bandwidth oC the operational amplifiers, the 
photo1:raphs definjtely show that the generator is perfom1ing as de­
signed. In Figure 4, notice that with the transfer function generator 
in operation, the relative height or the nose, brow and cheekbones 
are reduced while the hair, hollows or the cheeks and bridge or the 
nose are brought out more. Shown in Figure 5 are photographs of 
black and white television pictures of the phot.ographic negative of 
the shroud with and without the transfer function generator in 
operation. There is some loss of detail with the generator in 
operation because or the bandwidth problem, but the areas of low 
intensity have definitely been increased. The transfer function 
generator is essentially analog image enhancement in this case. 

In conclusion, the use of the transfer function generator to 
compensate ror cloth-body distance has enabled us t.o construct a 
much more accurate and realistic three-dimensional image or the man 
of the shroud. The reduction in image quality caused by the band· 
width problem should be easily corrected; we are currently working 
on solving this problem. 

Figure 4. 
t Th top photograph is the best 

ThJ"lc-dimeJ?Sional i~tg• o[ t~~ ~';!;,srer" funcLlon generator •• 1'he 
ima.g c obtainable w 1 iou 4 the preliminary results of unnge 
b It• m pbotogtaph repres<!n~ 
~O:ction with the tranSfer function generator. 



Figure S. Television picture of lhe fronl shroud . 
was taken without l ite lransfer runction'mago. tThe lop photogrnph 
bottom photograph Is the prer . genera or m operation. The 
hancement with the transfer runcf;:~n~~~. o[ analog image ••. 

By Kenneth E. SLtwcn,;on 

Normally every editor makes his glowing comments aboul a 
written work aL the beginning or that work; however, considering 
the very sensitive nature of these proceedings, 1 have purposefully 
held orr until the end. About ten years ago, I was introduced lo lhc 
Shroud of Turin at a Catholic Discussion group al the Air Force 
Academy. Since I did not really know the Lord al that lime, I 
mentally filed the interesting new information away for future re· 
ference. Some three years lat.er when I met the Lord, I immediately 
began looking for information on what was by Lhen only n dimly 
remembered lecture. I was appalled to rind that almost no onl' hnd 
ever heard of the Shroud other th an as some vague relic or tlw 
Catholic Church. It Is The Lord, by Peter Rinaldi, filled in lhc 1111p11 
somewhat and proved a useful vehicle for introducing the Shroud lo 
the uninitiated, bu t it was all that I could £ind. At no time did I QVUr 

dream that l would have the opportunity to study in detail the 
exciting resenrch in these proceedings, lel alone to help to compile 
them! lndeed lam forever indebted to Ors. Eric J. Jumper und .John 
P. Jackson for the privilege of editing these proceedings. IL is a 
singular honor that I' ll dearly cherish. But there is more. 

In the past six months l have without a doubt witnessed tho 
Hand of the Lord at work in a very real way. ln fact, just the way in 
which so many different papers from various authors complement 
each other is unusual to say the least. Men from several denomina· 
tions, myriad backgrounds and two different continents have com· 
bined their efforts in an attempt to bring the Shroud out of obscurity 
and into the public eye. Time, money, equipment and expertise have 
been volunteered in an unprecedented way. All along the way, 
people have responded with enthusiasm to the entire project 11s if it 

were their own. 



In racl, the pro1ecl has broken down mnny barriers. Non· 
believers have trod ernhusiastically in the foot.~t.eps of Delage seeking 
the truth of the Shroud. Protestants nnd Catholics have put aside 
their differences and stood together in awe before this Holy Relic. 
And as more people are blessed or troubled by the mysteries or 
Christ's passion, death and resurrection as displayed on a linen cloth, 
the words of the apostle Paul before King Agrippa become strikingly 
appropriate. 

"None of these things are hidden from him; for this thing 
[Christ's Passion, death and resurrection] was not done in a corner." 
(Acts 26 :26) Indeed the Gospel is not hidden in a comer, for the 
Shroud bears evidence which demands reflection for believer and 
non-believer alike! 

All has not been roses however, and I would be remiss it I didn't 
include both sides of the story. In the unfolding of the history of 
this relic, men have been overly pious or zealous, arbitrary, dogmatic, 
selfish, secretive and unfair. As a result, the Shroud and its suppor­
ters have been maligned and ridiculed. 

Between the covers of this book authors have taken varying 
viewpoints but hopefully for the rirst time in its history none of 
these will become the be all and end all for the Shroud. We must not 
allow that to happen. But there is a dilemma here. How can we 
sanction !!!. viewpoints and yet arrive at the one truth? 

God's word gives us an answer: 
" ••• IC this counsel or this work be of men, it will come to 

nought: But it it be of God, ye cannot overthrow it; lest haply ye be 
found even to fight against God." (Acts 5:38-39) 

In our study if we allow all the right to their opinions and 
theories - with an eye for the protection of the Shroud - and if we 
in prayerful faith allow those theories to be objectively, scientifically 
and faithfully carried out in non-destructive experimentation, God 
will take care of the rest. 
-- What then is my purpose? - To show that all of these papers 
have a common goal - To overcome the handicaps imposed by 2000 
years of obscurity and controversy -To bring tbe Shroud and with 
it the Gospel to tbe world! We already have seen the impact the 
Shroud has on all who are exposed to its mysteries. Authentic 
passion relic or exquisite forgery, the Shroud demonstrates to all 
" ... what is the breadth and length, and depth, and height; ... [of] 
the love of Christ, which passeth knowledge." (Eph. 3:18) 

Therefore, since the Gospel is not a belier in a cloth, but in the 
person of Jesus Christ and His vicarious sacririce, anything that lends 
evidence to or just sheds light on that sacrifice is powerful indeed. 

St. Paul also sti~~~ 3::1n~:t ~:;i ~ l~~e?;s~~~ 0[h~~~~it~1~~~~.i.~ 
t(hRe powelr · lo6) "'e like Paul must be hold; wo must hold up ror 1·lrn 

omans . n • • Cl · t' 
Id to see the evidence or the God-man, Jesus ms · d 

wor Even ir the outcome of our research !~av~ unanswere 
cstions or gives unwanLed answers, the world, [see!ng ourJ bold· 

qu , d ' erceiv[ ing] that [we arc J unlearned and 1gnorunL men, 
[~il11anm~el; and ... [take] knowledge of [usl that [wc J havo 
been with Jesus." (Acts 4: 13) Maranatha. 


