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Figure 24. The same as figu

re 20, except the images from color lransparency

No. 2 were used. The resulis obiai
_ b ned from the facial on
shown in figure 20 appears to be consistent over the fnuremﬁggmuf:

V.  Comments and Conglusions

1. The water marks and the numerous small intense
foatures on the body have abrupt edges, whereas the large bumn
murks have smoothly decaving edges. This suggests a different
mechanism of formation for the two types of features,

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

3. The image of the facial region is composed of a wide
range ol spatial frequencies which are oriented in a random [ashion,
Ihis indicates that the feature-generating mechanism was probably
tlirectionless (a characteristic which would not be consistent with
hand application).

4. The information which causes the eye to recognize
facial structure lies at very low spatial frequencies. Little physio-
lopical data is contained in small structure.

5.  All impressions on the Shroud tend to be redder than
the unmaodified cloth itself.

6. The amount of information obtainable from these
images is limited by the lack of quality photographic material and by
the lack of a color and/or reflectance standard to relate color
separations,

V1. Recommendations

It appears that more could be learned about the nature of the
image on the Shroud if more detailed and comprehensive data could
be obtained. The following are some supgestions as to what
additional photographic data would be useful, and what might be
accomplished with such data.

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

2.  FPhotographs should be taken through several different
spectral filters; standard Wratten filters would be satisfactory. The
filters and the films should be chosen to cover as broad a wavelength
spectrum as possible. A standard set of color control patches should
be included in each photograph. Color film produces pretty pictures,
but it does nol have the resolution or range of high quality black and
white film,

3.  Ultraviolet flourescence photographs could be taken if it
was determined that UV radiation would not damage the Shroud.



These measurements could help to separate the existence of foreign
substances (and possibly the nature of them) from the base material.

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

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

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

Given any or all of 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-
fication 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 of the
Shroud image. Similar cloth materials could be exposed to 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. High 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 filter basically consists of com-
puting a low frequency component and subiracting 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 from the DN 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 function of the

following form: | .
T(Ix; EYJ -l 51n{17axfx} 51in {ﬂ'a}rfy}

wal, i waf.r.

In the above expression [ 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 filter 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 are 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 itself a
specified number of pixels and taking the difference between the two
images. The orientation 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. The
Fourier transform formula is of the form:

- - N
-2nilfyx+f,y)
FT(fy, fy)= ffi"(ku-':'e x2T5y Y dxdy

where P(x,y) is the function whose transform is being computed.

In the suppression of the fabric weave, those complex values
which lay along the path of the bright bases in figure 6 were reduced
in amplitude until their contribution to the image was negligible. Be-
cause the fabric weave was aligned in a generally vertical or horizon-
tal fashion only spatial frequencies in these orientations in the trans-
form contained this information; thus a suppression of these
[requency components was achieved, When the suppression step was
performed, only a small pereentage of the real signal was damaged as
attested to by the absence of non-coherent information in the
difference pictures.

). 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
population of DN values is assembled (histogram) from a neighbor-
hood symmetrically about it on the same picture line. The central
pixel is replaced by that DN value which lies midway up the dis-
tribution. Features which are smaller than half 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.



CONSIDERATIONS OF MOLECULAR DIFF
RADIATION AS AN IMAGE FORMATION phonen?
a ATION :
ON THE SHROUD PROCESS

By Eric J. Jumper

Introduction

For years I was convinced that Vi A

_ ; gnon’s va h
r:;fﬂaﬂflh%iu;h forming thehimage of the maﬁﬂ gn&epéﬁcrﬁdwﬁ
Sl eory was rather a believable one based on Vi 3
observation that body images on the Sh G b et

roud appeared
E:tijn wi%a;g the cloth could not possibly have been tgni?nﬁ:
body. is could lead to only one conclusion and that is that the

;:xazpd sts_u:rning tl_w cloth did at first seem to explain Vignon’s ob-
i on. ignon’s suggested chemical constituents of blood. sweat
i {Ema, e?ind ‘:‘11095 ﬁlgu seemed believable since Vignon clai;ned I;n:;
ha t(::m'.t : .ﬂ good image of a hand using various combinations of
o nns!::l.uants. This hand image, I must admit is now rather
i rgusfs;:meﬂ:;eu;f;r | ?tm anyone I have contacted has ever seen a
- Be as It may, it is important to note tw i
!Jlén ;’:1 I:'::r:ﬂ::imtuﬂ lin;- _Jmhagadformatiun was a damp nluthzﬂal::]][fiﬂsj
_ al his hand im isi
of hlsDt.aalL cloth as well as on the l'_'rl::EI:?t‘-"ras EH9NAE Y i e Fach
oubts about the validity of a vn.

_ ; por transport mechani i
msﬂpunsﬂ;le for the image hegan to nag at me after exammia:: srr;ﬂl:::u;g
duublfsu ts m". our thrye-dunensiunal studies®. The first hint of
o8 x came \li'ltit the dmcqvery of images over the eyes which appear
o nl:::n::l; 2 l';]:: hard to ;ml?gine an organie stain mechanism acting

: Images of the body but also of inert obi
coins. Another question is “why did the har images fuﬂdfﬁzu::a:f

same law of intensity versus distance as did the body image?” Still

another interesting characteristic of the image began to plague me

R —

s that was the fact that nowhere on the hody image was the image
saturated (that is to say nowhere did the image intensity reach a
plateau and remain at that intensity). This last characteristic can be
pluinly seen in the three-dimensional pictures in reference 3. The
final problem, which sets my doubts running wild was the important
discovery of the 1969 Scientific Commission that the image was only
a surface phenomenon 4.

In the remainder of this paper 1 will present some of the
passages from the Commission report and the results of our three-
dimensional work which caused me to try to explore the problem
further; describe a rather crude experiment 1 performed; present my
slitempt to quantify a diffusion process for molecules being trans-
ported through space from a body to a cloth; draw some conclusions
based 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.

{‘haracter of the Stain on the Shroud

As 1 implied from the above, I was always under the impression
that the image on the Shroud was present on the back of the cloth as
well as on the front. This impression was caused by the often quoted
account of the Sisters of Poor Clare.5 The following passages quoted
here from the commission report clearly contradiet not only this im-
pression but further state that the image does not even penetrate the
surface fibers on the front side of the Shroud:

“In the past the fabric was strengthened by sewing it at the
edpes and in several other points all over the back surface against
another cloth; during our recent examination a small area of the
more recent piece of cloth was unstitched and it was found that the
image appeats only on the top side of the original cloth, i.e. it does
not go through the fabric. Recent laboratory tests of samples of the
fabric taken from several spots where the colour is deeper prove with
sufficient certainity the absence of any substance which might have
been absorbed by the threads. . .. .. Therefore, in all likelihood, the
image is completely superficial.” (Page 65)

“At the moment of (the thread) snapping with a relatively slight
amount of fraving, it could be observed that 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 the re-
verse of the thread at the level of the underying fibers by

transparency.” (Page 50)




So we can say with some certainty that the image is a surface
phenomenon,

Results of our three-dimensional work show that the Shroud
image has at least two further characteristics which leave doubts in
my mind about the image being the result of molecular transpﬁrt.a
The first, was the possible discovery of images of coins over the eyes.
If these images are images of coins, it is hard to imagine the image of
the coins Torming in exactly the same way as thatl of the body. The
second hothersome characteristic is rather more subtle. Nowhere on
the Shroud is the image 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
of water and green food coloring and then placing one end of a linen
fiber into the solution. Two types of 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 of conditions Vignon
seemed to suggest in his vaporgraph theory. The results of these tests
were rather surprising, In the case of the dry linen thread the stain
progressed at about 1 em. 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 stain front seemed to progress
al a constant velocity rather than at a continually slowing rate as is

characteristic of a diffusion process. The dry spread velocity, Vpay »
was:

V‘DHY =d/{=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 time 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 law of diffusion as:®

Doame = d /4t = (.5)°/(4) (4) = .016 ecm2/s (2)
Crude as the experiment was it provided me with a measure of
how a stain acts on a linen cloth. I 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 cloth are determined, It is impor-

riment vielded numbers for _lhu re-
[t is now necessary to examine the
nsported from the body to the

tant to note that the above expe
sction of the stain in the {'llll!l.
behavior of the mntm-.ule.ff being tra
¢loth through the intervening space.

Analysis of the Molecular Transport of Ammaonia Through Air

Although it is rather presumptious to assume T‘at if I:I:I I:rn:?;
was formed by molecular tl:ans?ﬂrt ti:ls ﬁ:ﬂﬁﬁ;%} prg;:n]‘ﬁis .
ammaonia, it is, however, in keeping wi & hype l.t,s S
se of ia serves as at least a model and will yield resu
1::1 nji&fr?:tn than would be Fxpected for many ::nulecules that
could be postulated as will be pointed out in the equla: ul:-r;.vl.i Lo
The diffusion coefficient for ammonia t] rﬂl‘Lllf 5
caleulated according to the equation suggested by Hirschielder.

D(NHg, Air) = .001853V'T3 (1/Mjr + 1/MNHg) (3)
P o 2p

Where T is the temperature in °K, M is the molecular w_n.reight in
gm/g-mole, P the pressure in atmosph?r_ea, i a i the inlmh:;l; crm_:;
soction in A, and 2p the reduced collision integral. Sm?ele rnrta:l :
is about 17 gm it can be SEEI;I thal;fan? mnl?ﬂ::l;[mmmi :sélé gmc;rwill
stain Wi larger M than that of ammonia Hg =
::1:: ::Ilrrlllt;:I : mE::lte effect on D. Using the values g,ﬁgll in table 1 the

diffusion coefficient turned out to be:
D(NHg, Air) =.5 em?2/s

[ TABLE I
Values of terms in Equ. 3.
T 300 °K
15 1 Atm
Mo 17.03 gm
My 28.97T gm
3 Q
Gi; 2.9 A
I _QD > 2.3

Conclusions based on the figures arrived at for a Molecular Stain

i : tain was not a dry
der the assumptions that: (1) the s 5 1€
lrans}f.-rr] parl;:cess, (2) the molecule responsible r:utr th:; ?t;}mzeatﬂ;: ;a:
ammonia or acted similar to it in its transpo aﬂ::l k. ta;m! s

distance to use as an average cloth body is 5
::ﬁ: T;]fm iﬁatif?ed by our three-dimensional work) let's take a look

o
*0,, is a function of kT/e the value used for €/k was 558.3 K



at some of the ramifications of the i
c i preceeding analysis. In
fl?; :lr: I:;iﬂea_tgf tllri; limﬁs involved in a diffusion pl'{.'lt':lﬁ, firs| ::}r:il:;jf:;
sitlon that the process took hours —
e e g R IS — say as many as 30 as
] ¥ Vignonl. What would thi i
of the image on the cloth? It i i e Canty
? the stain acted as it did i i
mental samples, this would mean : i i
: that no clear ima Id
preseni, for to move 100 em would h > 400 setontb e
O R ave taken only 400 seconds or
se of a d: i
a0 ey 4 damp stain on an otherwise dry cloth

In the case of a dam cloth the ti
approximately 43 hours, {.!‘jalcu]atedeh;u:“e 2:maye100 om would be

~ d%
Ly Alt OR d=yvLDt'

4
AND t = d‘7hD )

b 3
: rl:lt ﬂ:srlnnnly Enne minute the spread would he approximately 2
- !?hese sprsea;i d{al:;:unds the spre;;d would still be 0.5 cm. Of colrse
‘ ances are totally incompatible with i
in thEP ;:lase of the very fine resolution image of the Shmu‘d‘r.hat R
il e ral*usui*er seems to lie in a very short molecular “‘burst,”
e I:?::’I Ei\:m S:}IDI?‘E tlisl atreasunahly short time? To help answer th.is

ned the time it would take for the fj i
sudden presence of ammania i el L
: ticles to be felt 2.5 i
it par elt 2.0 em from their
c y gam can be calculated usin i
using the diffusion coefficient f P
or transport through air). The time ;
around 3 sec! We could continu i it iy
: tting the time back b
the Fick’s law diffusion 1 Bowin o a e
model begins to break
molecular burst becomes short i
rier and shorter the tend '
to ‘homogenize begins to i i e s
flomog, redom i
dehmstmn in the image whatsuiver S T s i
0 then from time considerati
: ations alone — Vignon’s
f?]tfnatmn' Process seems doubtful. What about thepr;f;:f::
ﬁntﬁfgﬁd t?]haractenstm of the Shroud image? In my experiment
i €re Was no question that the stain had
entire thread. Again I had mo 8 S
ad, i re doubt since the Shroud j i
taenl;lgei j;rﬁ;ietﬁzer;u!ne?an. Also apparent in my experimenlgilvg:s Ias
. : . Skaln o saturate, that is, come to a certa; i
1 3 Tt !

E::;nstzg anﬁl not get any darker. Nowhere on the Sln'-::-uu::Iﬂ :Itijl::

picturesm ][:)n enomenon. See, for example, the three-dimensional

m:curif‘s t ,H*D case does the image reach g plateau, which would
aturation had taken place, It is also apparent that the image

was not pressure sensitive, that is, the image on the back appears to
possess the same fall-off characteristics as the front image even
though the pressure differed greatly the front associated with only
the weight of the cloth on the top (front image) and on the back
{ back image) associated with the weight of the body. (These are of
course assumptions which seem fully justified by the Shroud itself).
This also has a profound influence in and of itself on the assumption
of a molecular stain, since one would expect that the responsible
chemical would be more abundantly present when the eloth was in
contact with the body and even more so under pressure. Saturation
would eertainly be apparent in either of these conditions.

These facts significantly influence my doubts about a maolecular
stain even if the stain was a dry transfer. In fact, one would expect
at a minimum that the points where the cloth contacted the body
would have shown saturation (as was the case when we three-dimen-
sionally analyzed images formed by contact experiments).

Observations on Radiation

Some very simple radiation experiments were performed by
John Jackson and myself prior to this conference and the following
was found:

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

2.  Unless actual ignition took place only slight spreading of
Lhe image occurred.

3. It appeared that if the image was formed 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 [lux 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.*

* This point also cleared up some doubt about one way [ thought a forger
may have made the Shroud. [IF he heated a Bronze Statue say until it was
glowing hot 1 thought he might be able to throw the linen over it for a short
time and remove it, leaving a scorched image. These lemperatures (lower than
melt temperature}) would give off radiation with too low an intensity to form
only a surface image. Our experience shows that the image would also be pre-
sent on the back. This work then proves that it could not be a forged image of

this type.



Closing Remarks and Summa

While it does indeed seem possible that a molecular transport
process over reasonably long periods of time (a minute or longer)
would set up a molecular concentration gradient which could form
some sort 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 the simple experiment, the fact
that the stain on the Shroud does not penetrate even the surface
fibers of the cloth and the fact that the Shroud image is nowhere
saturated. While it cannot be concluded that radiation caused the

Shroud image, in the specific areas of stain spreading and saturation,
radiation cannot be ruled out.

by
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COLOR ANALYSIS OF THE TURIN SHROUD:
A PRELIMINARY 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 of the Shroud. Since this transparency was not taken
for scientific reasons, information regarding illumination, exposure
time, etc. was not available; but it seemed to me that a study of re-
lative color variations could nevertheless be performed. 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-green, No. 94-blue) were consecutively inserted into
the probe beam so that only red, green, and blue colors of the 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 refer to the degree of image
darkening as sensed by the microdensitometer operating on a linear scale of 0-
100. Though related to photographic density and transmittanee, this quantity is
not equal to either. The microdensitometer scale, however, was identical for all
SCAIN passes.

Figure 1.

Sh
k and White Re duction of Color neny
E%::lﬁ scan paths. 5 through the right side mrem L

. Over each scan F
;lll:*ﬁ blue, red filters finally with no [ilter.



The collected data were plotted and then interpreted according
to the following assumption: that generally different kinds of image
stains show different mixes of red, green, and blue at the same value
of overall (neutral) density and that the continuous variation of this
mix with neutral density would be different for different 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, does not display such uniformity. Noteably, data
points from the burn 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, before such a conclusion is drawn, it should be noted that
the burn points below neutral density 60 do not extrapolate con-
tinuously to those higher than neutral density 60 as might be anti-
cipated since all these points refer to the same process (ie.
scorching). Furthermore, it should be noted that all the data points
below neutral density 60 were taken from the scorched area to 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 of
scan paths 1 and 6- see Figure 1). A visual inspection of the entire
image shows a gradient in overall density from right to left, 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
respansible for the apparent discontinuous shift 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 insignificant.

This effect of the gradient also seems to have affected other
parts of the image. For instance, hair data points of neutral density
less than 40 (taken from the right side) appear to extrapolate helow
those of hair of neutral density 70.3 and 72.2 (taken from the left
side). Other hair data points refer to the top of 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).

Figure 2. Green Filter Density
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Figure 4. Red Filter Density versus Neutral Density. All image types fall on
um? line if scorch data samplings (solid stars) are corrected (see
text).

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 be removed from 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
fall 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 3 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, il indeed more
than one type exist on the Shroud.

Thus, the result of this work is that 1 have failed to detect with
certainty any difference hetween the color composition and variation
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COMPUTER RELATED INVESTIGATIONS OF THE
HOLY SHROUD

By Eric Jumper, John Jackson, and Don Devan

Introduction

Ever since Secunda Pia captured the image of the Holy Shroud
with his camera, photographs of the Shroud have been used almost
exclusively as the basis for scientific research into the mysteries of
this precious relic. Much has been learned from these Shroud photo-
graphs by scholars who tirelessly studied them using the unaided eye.
Undouhtedly there is still much which can be learned through in-
vestigations of this type. What we intend to discuss here is an al-
topether different approach to studying photographs of Holy
Shroud, this approach involves the use of computers.

Before entering into our discussions of computer techniques for
investigation of the Holy Shroud, it is well to address the topic of
wipectations. To many people, the very mention of computer
wihnigques for such a study supgests aesthetic enhancement. In
mality, this is only a small portion of what can be done using com-
puters, In fact, the work we have done to present does not even
wddress the question of aesthetic enhancement.

In what follows, we discuss our initial investigations into the use
ul computer techniques to study the Holy Shroud. We will first
wddress our effort in scientifically enhancing Shroud photographs
wnd comment on some of our findings. We will then discuss some of
the work we have done in examining the density patterns of the
Shroud image and how this might relate to the cloth-body position-
ing and understanding of how the image was formed on the Shroud
ul the time of Jesus’ burial,

Finally, we will discuss some of the things we believe are
possible using computer techniques. It is not until this last seetion
that we will even address the question of aesthetic enhancement.
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Figure 1.

Some of the results of this effort are presented in Figures 2
through 7 and 12 through 15, the even numbered figures being the
originals scanned and the odd being the enhanced version of the
privious figures.

Examination of Figures 2 and 3 shows how some of the fainter
portions of the image have been exaggerated so that the outline of
the hair and shoulders are more noticeable. It should be noted that
the edges of the image are not distinet but somewhat hazy, This is in
contrast to what can be noticed from Figures 4 and 5 of the face.
Here, even under enhancement, the edges of the face are quite dis-
tinct. It is our opinion that this indicates an obstruction of some
sworl which hindered the normal process by which the image was
formed, perhaps a chin bandage as proposed by Barbet? or a fold as
proposed by RiceiS.

Figures 6 and 7 reveal a feature not previously noticed by in-
vostigators of the Shroud4, the possible existence of a thumb posi-
tioned as indicated in Figure Ta.

This observation would tend to discount Barbet's speculation
that the thumb remained drawn into the palm of the hand at the
time of burial. In as much as the absence of the thumb on the
Shroud has generated significant medical discussion in the past, we
thought that an independent experiment ought to be performed to
see if the thumblike feature appearing on the computer picture could
properly be identified as a thumb., We constructed a full-sized un-
hleached muslin model of the Shroud upon which we drew to exact
wale the actual image of the body. Using the model, we enshrouded
volunteer subjects of heights varying from 5 feet 10 inches to 5 feet
11.7/8 inches so that the appropriate features on their bodies
voincided as much as possible with those indicated on the cloth,
With the subject’s thumbs placed first under the palms then along
their right arm as indicated in Figure Ta, measurements were made to
locate the point of contact of the Shroud with the right arm. In
wvery case, the placement of the thumb under the palm caused the
knuckles of the left hand to raise, shifting the contact point of the
nuturally draped Shroud further up the right arm then the actual
contact point indicated by the onset of blood stains on the Shroud
{again see Figure Ta). Photographs demonstrating this result are
shown in Figures 8 through 11.

Additional work (detailed in Section II) indicates that the den-
sity of the thumblike image is consistent with that density which
would be produced by an object about 3 em beneath the cloth, the
distance a thumb would be from the naturally draped cloth if it were
us shown in Figure Ta. It is, therefore, our opinion that the new
image is a thumb,



Fipure 2. Unenhanced picture of back of head.

Figure 4. Unenhaneced picture of face.

Figure 5. Computer enhanced version of face,

Figure 3. Computer enhanced version of back of head.




Figure Ta. Position of the thumb as it appears in Figure 7. Also indicated are
experimental points of contact of our cloth model with lower fore-
arm (as discussed in text) with thumb under the palm (point A) and
to the side of the forearm (point B). The true contact point is deter-
mined by the onset of blood Now (point C). The thumb on the side
and not under the palm best explains the position of the onset of
blood flow on the forearm according to the Shroud.

Figure 6. Unenhanced picture of hands,
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Figure 8. Enshrouded subject with thumb under palm. Pointed out is the
initinl contact point of shroud model with forearm.
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Figure 7.




Figure 10, Enshrouded subject with thumb along arm. Pointed ont is the initial
contact point of shroud model with forearm.
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Figure 12. Unenhanced call and ankle area.




Figure 13. Computer enhanced 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 along lower portions of both legs, These images
had not been noticed previously as attested to by Bulstd, As ex.
plained in more detail in Sindon, we feel that these images are in fact
side images of the legs of Jesus. The existence of these side images is
significant because it suggests that the image forming process on the
Shroud had to be a horizontal as well as vertical one.

Finally, Figure 16 shows the result of a computer technique
called gamma enhancement which presents on the viewing system

| - ‘
Figure 15. Computer enhanced [ull front image. Arrows indicate [aint side
images.



Figure 16. Gamma enhancement of full front image.

. [Image Density vs. Cloth-Body Separation

Vignon 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 cecurs, 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
instruments capable of performing the density measurement, we per-
formed a study to determine how image intensity on the Shroud de-
pended on cloth-body separation as depicted on the 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 distinetive 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
(Figure 19). Under the assumption that all blood marks indicated a

Figure 17. Model of Shroud.

Figure 18. Draped reclining subject.



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-cloth 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 of Jesus' burial configur-
ation,

After completing the body-cloth distance measurements, we
proceded to determine the intensity of the body image along the pro-
jection of 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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Figure 21. Ridge line intensity scan and correllation to cloth-body separation.



Figure 22. Lantern slide being scanned by microdensitometer,
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We believe that the ability to characterize a fall-off relation of
image intensity provides students of the Shroud with a technique to
help answer some critical questions regarding the mysterious Shroud
image, For example, the problem as to how the cloth lay over the
hody of Christ can be addressed by using the applicable cloth-hody
distances indicated by each theory of how the body was draped.
Thus, questions such as whether or not the sides of the cloth were
held away from the body by the walls of a possible burial enclosure’
or if the body was wrapped by a series of tucks and folds proposed
by Ricci® can be addressed.

I1I. The Potential of Computer Processing

Over the pnst several years, a rather remarkable fusion of
scientific disciplines has been occurring. Physicists, mathematicians,
engineers, computer experts, doctors and psychologists have com-
bined their skills and techniques to create the “new” field of visual
image enhancement and pattern recognition. Although a new field,
it is a rich one . . . perhaps necessarily so, since vision is by far the
most complex and comprehensive human means for perception of
the physical universe.

Already, the developing technigues of the science of computer-
assisted image enhancement have been used to extend man's ability
to clarify visual images which are often unclear or distorted when
first photographed or seen by eye. Such techniques are being used
more and more, for example, to improve medical diagnostic images
obtained with X-rays, or with 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 recognition techniques (to dis-
tinguish cultivated land from unplanted land, and healthy crops from
diseased, ete.) developed in the past few years.

As a visual object, the “problems” of the Shroud are several-
fold: the visual “contrast,” that is, the dark/light relationships
between recognizable features and their surroundings are distorted
(with respect to the image of an undraped human form) by the drape
of the cloth and the process which created the gradations of staining
which convey the image. Similarly, the 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 itself, 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” of the image on the Shroud have at
least potential solutions, or approaches toward solutions, in this
“library" of image enhancement techniques. 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 of the initial
photographic image and to the care and knowledge which went into
the preparation for obtaining that image,

Ideally, a photographic “‘experiment” should be designed from
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 of light energy which was actually
reflected from the real object. Similarly, the intensity of light
shining onto the Shroud should be measured so that the Shroud’s
reflectance properties can be determined. Large format cameras
?hﬂilm _he used to permit “scanning”™ devices which convert the film
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
ca!ibr{lted 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 II. The implications of this could be far
reaching, for 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 scorch? 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 one step closer in understanding the origin of the fas
cinating image on the Shroud, an image which might even be a key in
understanding the phenomenal aspects of Resurrection.

Finally, and perhaps most importantly, comparison experi-
ments similar to those discussed in Section I 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 tluf true manner in which the Shroud lay on Christ’s body. These
experiments, coupled with a known light-intensity/film-opacity

————

correspondence, would permit a most important relationship to be
formed — the relationship between the intensity of staining of the
Shroud (as manifested by the amount of light reflected) and the dis-
tance between the surface of the Shroud and the physiological
features beneath 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 “profile” distortions brought about by the drape of
the Shroud can be corrected by a process similar to one used to
eliminate wide-angle lens distortions from 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 of 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-
tions are then applied to the experimental images (the actual Shroud
image) to produce the true image (the “reconstructed” undraped
[orm).

Given the dark/light gray-shade pattern of the Shroud image or
of a reconstructed *“true human form" image, other patterns can be
emphasized by image enhancement techniques. These patterns
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 image. 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 (see Figure 23). O, it is
possible to isolate one range of reflected light intensity values and to
highlight this range. Lt

On a smaller-scale level, it is possible to “zoom in” on selected
regions of the image and to greatly expand the light/dark gray-shade
contrast of such regions to permit the eye to perceive otherwise in-
visible subtle gray level distinctions. Very often such subtle low
contrast regions are additionally degraded by edge blurring, perhaps
caused by the inherent edge-blurring properties of the process which
formed 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 another group of image enhancement techniques are
available which involve the concept of “‘spatial frequency” mani-
pulation. These techniques make use of the mathematical fact that
any image pattern of dark and light film areas can be created by the
super-position of a series of overlapping regular “weavelike'" patterns
(“reference to weave is in a general sense and not specifically the
thread weave of the cloth which of course has a characteristic pattern
contributing to the total image.””) Each such *‘weave™ consists of a
repetitive sequence of dark peaks merging into light troughs which
in turn build back to dark peaks. Different weave have different
“frequencies,” 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
images of Shroud features, hy the weave of the cloth. Since the
weave itself is very close to a weave pattern (with a quite small dis-
tunce between adjacent peaks), the degree of elimination could be
quite high. Similarly, the visual impact of large-area blemishes due to
water or fire staining could be reduced since such features act like
weave pattern with a relatively large distance between peaks.

The above are but a very few of the techniques which could be
hrought 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 ol this most fascinating and awesome relic.
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TONAL DISTORTIONS IN SHROUD IMAGE PHOTOGRAPHS

By Robert ). LaRue, Jr.

Giuseppe Enrie’s photographs of the Turin Shroud taken in
1931 have long been standard references for shroud related research,
linrie’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 his photos, why they exist, 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
appeared. 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 emploved, 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 white photographs taken in 1931.
Urthochromatic 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 transparent 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



was familiar with its handling and photographic response character-
istics. In addition, Panchromatic emulsions — sensitive to all visible
colors — were not yet readily available in 1931, and perhaps unob-
tainable by Enrie. To further enhance the contrast between the off-
white cloth and the image, Enrie used a yellow filter for some of his
exposures, Such a filter would increase 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 Enrie's
pictures, but fainter and more diaphanous.”? Cordiglia’s photos did
not have the inherent contrast of Enrie’s plates because the 1969
photos were taken with panchromatic emulsions, which much more
accurately reproduced the full range of tones of the image. Only by
contact printing his black and white panchromatic negative on to
high contrast photomechanical film was he able to approximate
Enrie’s results. Cordiglia’s original negatives contain far more
valuable information for analysis than his 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 ahsent in the 1931 black and white photos.

As the analysis methods applied to the shroud become increas-
ingly sophisticated, the tonal errors of Enrie’s photos become in-
creasingly significant. In the computer-generated three dimensional
reconstructions of 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 reliel computer image 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
of these errors could greatly change any hypothesis one might make
about the process which formed the image.

i hromatic emulsions
use of photographs obtained with panc
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A PROBLEM OF RESOLUTION 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 diffi-
culties.] For then, such high resolution could be easily explained as
the 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 have
occurred through the space between the cloth and body. This being
the case, it now becomes a problem to explain the sharpness of 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. [ then
derive restrictions upon these parameters which must be met in order
to explain the observed degree of resolution of the Shroud image. In
so doing, those image formation mechanisms corresponding to com-
binations of parameters which do not meet the calculated eriteria 1
discard from among the possible candidates of three dimensional
image formation processes,



Ceneral Model for Im F

Th ; where m is the index which adjustis the degree of anisotropy® and
e class of Image generation me

¢ is the angle measured from the vertical of Surface 1 (see Figure
1). Large m corresponds to most of the particles being emitted up-
wards. m equal Lo zero, on the other hand, corresponds to the dis-

sorbed on Surface 2 gt various locatio ‘ . persion of particles evenly in all directions.** If equation (1) is in-
:DHESpunﬂs to the body surface beneath the § tegrated over the entire solid angle available for emission, a hemi-
Lﬂc:e e -?hmu:! fluth itself. Depending on the detaj sphere of ad'llglc 2 7 steradians, then an integration over all solid
2 Ol particles between th LTI angles, | (5a-d 2, will equal N a.

¢ [Wo surfaces, the distribution of o Lfis”l, E %thicies trmreil to Stﬁ-fane 2, it might be possible that

particles on Surface 2 will vary, but the num

will govern the resolution of Point A on Surf, s gCTsity on Surtace 2

ace 2 some are absorbed. To allow for this possibility, a parameter, k,

which governs the degree of absorption (in units of inverse distance)
is used. Then, the number of particles passing through the area dS of

¥ = Distance FROM PoInt A To dpz Figure 1 is
dNg = dNjekr (2)
where r is the direct distance between point A and position x,v on

Surface 2.%%% [f d is the separation distance hetween Surfaces 1 and
2. then

SURFACE 2

T T T T
r=V x2+y2+q2 (3)

As particles are absorbed on Surface 2, it might be that the ab-
sorption coefficient @ (i.e. fraction of particles absorbed) is aniso-
tropic and depends also on @ . This possibility is accounted for
by assuming

a =09 cos"g (4)
where n is the index of absorption anisotropy and < 9 a constant
which is less than or equal to unity. Note that high values of n tend
to sharpen the image (even though the emission from Surface 1 may
X — have been totally isotropic, m=0.)

Thus, the number of particles dNg which pass through area dS
and are absorbed on Surface 2 is

SurFace 1

Figure 1.  Schematic illust
be th raling the

describe the transfer of purtieles 1epr Lonships which in the text
area dA, on Surface 2. s from point A on Surface 1 to an dNg = o dNg (5)
v : " The cos™@  factor is used to express anisolropy since il is a form often
& beAs a generality, the particles emitted from Point A are all found in physical problems. For instance, the limb darkening of fhe Sun being
& ! amsolropie, that is, that the degree of emission. ¢ a W‘“’d the result of anisotropic emission of radiation is expressed via a cos' g term.
Irection. 1If a total of N A Particles are released jn a ti o with **  |n a sense, molecular diffusion corresponds to the case m=0 since, even
At, the number of particles, dN1, that go into i ime interval though particles do not travel in straight line paths, diffusion of N4 particles
taken to be : solid angle d2 are from a point source produces un isotropic distribution of particles at all later
dNy=(-L+tl m e
1755 ) (cosm g JNAdR (1) #54  This equation is used to express particle absorption sinee it is used very

often in physics, for example in attenuation of radiation.




Now, if no(x,y) is the number of absorbed particles per unit
area on Surface 2, then by definition

ng = dNy/dA, (6)
where dAg is the projection of area dS onto Surface 2 given by
dAg = dS/cos & (7) pd > 173

Combining Equations (2), (4), (5), (6), (7) and the definition of
a solid angle,
ds2 = dS/r2 (8)
the following relation for n%{x,z.r} results,
ng(x,y)=( 5= ) aglcosMFMt) Ny ekt (9)
But from geometry,

cos § =d/r (10) %
50, m+n+1 = Well Resolved
nz(xf.'!'}= E:m +1) girNA d :l :mf:;n (11) (D=4 units)
and the total number of gmﬁclas, N9, found on Surface 2 must be
Ny = 'tL f ny(x,y) dxdy (12)
Thus, the probability of a particle absorbed on Surface 2 being found =
in the region x to x+dx and y to y+dy is I B{ASS G
f(x,y) dxdy = ng(x,y) dxdy/Noy (13)
Thus,
f(x,y) = C e-krjym+n+3 (14)
where i
C=(m+1) ag Ny dm*0¥1/2 7 Ny (15)
is a normalization constant. f(x,y), then, may be considered to be a
sort of “probability image” of Point A of Surface 2. 1 1 1 . L
TI c I.I; E B I P Just Resolved

p ; < O ; (D=2 unita)
Consider now two identically emitting points on Surface 1,

df pld > 1/3

Fairly Well Resolved
(D=1 unics)

AR

p/d < 1/}

i 1 1 t 1

Not Hesolved
(D=1 unita})

Points A and B, which are separated by a distance D along the x-axis rface 2
s At e i [op (x,0) on Su

with their midpoint at x=0, y=0. The combined “probability image," Figure 2. U‘%W;‘“ﬁ’;mﬁgf mhlgﬂlgumnﬁmﬁgﬁ and B on E“HI.I'M
f AR(x,¥), of these two points on Surface 2 would be given as a super- 'imﬂmit of resolution of points A and B on Surface 2 occurs When

position of two individual point probability functions f{x,v) each
like that of Equation (14),

FAB(x,Y) = V2 [Tp(xy) * Ig(xy)] (186)

is equal to zero.

5 = 80 (see text). At D/d = 1/3, the second derivative of fAp at X=0



where:

fAlX,y) = f(x + D/2.y)
and;

fg(x,y) = f(x - D/2,y) (17)
AB(%,y) is the probability of an ahso
I rh
interval x to x+dx and ¥ to y+dy. g
. Nu:w, using the function faRp(x,0),
the x-axis, it is possible to determine th

particle being found in the

h g : :
l'.huw fAB(x,0) changes with separation distance D and it can be seen

at as D decreases it becomes more difficult to discern the two

points. When D has been sufficientl
en D ! ¥ decreased, a point i
?:g;:&i t}:‘hlﬁh it bgt:'am_es impossible to resolve t%{a::;n hfum:;;etg
_the “probability image” on Surface 2. Thus, the condition

Figure 2): a2e 0} ¥ consideration of
AB x,0
: # B 18
dx? (18)
o ==

in order that two poinis on S
another and not a blur of unill:g?lj:;ilﬁe

(along the x-axis). It should z 1Ly
similiar from that of a{;::]ics b?nnﬂwﬁ?c;hat G M ot o

resolution can be calculated.2 the diffraction limit of

o Ei:::::lel i:r %Bgéﬂjtlndepeuds directly on the three parameters n, m

. easures of anisotrophy and attenuation it ie

possible to determine, via Equation (18 o D

at the limit of resnlva’hilit i ool P hom
iOHiLy, Le. from the equality of Equati

After much straightforward caleulation, it turns gut tg]:t{} I?::?r

k > 0),
k=-b+Vb2.43 ¢/25

where a =R . [Blmen)sT] e
e gy l } I%'lqzn

\ “"ﬁﬂ*[@“ﬂ@@’l] %= VG

(23)

appear gliatim:t from one
Image ntensity patterns

(19)

These equations simplify under certain conditions. On the
Shroud, as will be explained and quantified later, I find certain re-
solved features of separation D and distance d from the cloth which
satisfy the inequality d = D. In that limit, these equations reduco
Lo

k=~ '1"1%" l:u -{%}’qfn.j] (24)
with the additional restriction that £ << ‘.-EQ,‘— = , it very, large

value.* Equation (24) expresses the fact that k decreases as £ in.
creases because, as k decreases, there would be no need to attenuate
the edges of the “probability image™ of each point as much since
with large [  not as many particles are emitted or absorbed at
angles to form those edges; and, of course, it is necessary to suppress
the edges either by attenuation or anisotropy (or both) to allow
high resolution (i.e. small D) of the two image points.

Discussion

Up to this point, a general model for image formation on the
Shroud has been presented. It is not the only one which may be en-
visioned but it has the advantage of assessing what kinds of aniso-
tropies 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 of parameters. For example, re-
solution by molecular diffusion 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 attenuation by (0.k,0) (k > 0), and so on,

Mow, 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 from which to estimate this ratio. A simple
measurement of the distance belween the two lips (which are easily
resolved on the Shroud) gives a value of Djjng .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 a cloth model of the Shroud over a

*+ fem+n



volunteer subject, as described in Ref
the resulti ; o
Hﬂ.l:‘ ing value of djips to be 1.1 ¢

Conelusions

Given this value for Did, it is
values of m,n, and k. These iare

Figure 3. Plrnmalf;orau showing what

L]
5| ﬂl!lﬂi
explain ution of Shroud image. SEE WIS won S5osighir

iu;i;us; 32—. the clml'fe, the i|l;;ti:emlai:im'.l k is greater that 10 em-1 even
cm™= for small values of the anisotroph

and n. Such values must therefore b i I e bl

tHe iiies oy e = Srg e considered in order to explain
i d im ithi

e el B! € Slroud image within the context of

i paper, But it would seem. [
that my collegue, Eric Jumper, and I did in chmcte'rizri‘;lngll uﬂ::ag‘:u:

b This value is probabi
the limit of resolution, whg:ha?s :ﬁﬂ:;‘:ﬁiﬁm o s L el ot

disti i i

Msu?flt~ hll; p'ln‘:lhl?blnnes must actually be smaller than the 4 em given above

wbjm:tlmsd ¥ even greater than the measured 1.1 cm sinee the vol :
no beard which would haye elevated the cloth higher, i

nee 1, and then measuring
m. Thus the ratio D/djjpg

pumiblr,: to determine the required
s plotted in Figure (3) via Equation

tensity versus cloth-body distance (Reference 1), that k should not
exceed 1 or 2 em-1, Thus, I must conclude that models with little or
no anisotropy, such as molecular diffusion or unattenuated thermal
radiation, cannot be responsible for the image on the Shroud. In the
small domain where k is acceptable, i.e. on the order of 1 or 2 em-1,
the anisotropy parameter m+n would have to be on the order of 25
or pgreater. That is, the combined effects of both emission and ab-
sorption anisotropies would have to explain an extremely high
anisotropy by a term cos2® @  which appears in Equation (9).
Further, if the anisotropy of emission was too 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 horizontal. It would seem that the image of the nose would
then appear much too wide and deformed on the Shroud image.

In view of the fact that actual required attenuations or aniso-
tropies are probably even greater than those discussed above (because
md]ips is probably smaller than 1/3),* I am forced to conclude that

el

Figure 4. Sensitivity to the ratio D/d of line separating those values of k and
m + n which are required to explain resolution of Shroud image
from those which do not.

- Figure (4) shows graphs of k versus m+n for various values of D/d. It is
apparent that a given curve can be shifted upwards quite significantly for only
maodest decreases in the ratio D/d.



any reasonable physical mechanism which can be approximately
treated by a combination of parameters (m,k,n) of my model classi-
fication scheme cannot simultaneously produce a three dimensional
image and an image of high clarity as is the Shroud image.7 This, 1
believe, eliminates sjmgle molecular diffusion and thermal radiation
(as proposed by Ashe)?, as possibilities of Shroud imapge formation,

I am not prepared to offer any alternative hypothesis at this
writing, but it would seem that one significantly different than the
category of 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 of a scorch is not neces-
sarily incompatible with this result because mechanisms other than isotropic
thermal radiation could scorch cloth.

T Using Janney's figure 3 (see paper this proceedings) I have calculated that
features smaller than .Gem are blurred, Since molecular diffusion/thermal
radiation processes should not resolve image features smaller than cloth-body
distance separation (see fgure 4) and that distance is roughly lem, then Janney’s
blurred image approximates the best image of these image lmmmg processes.

3.
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AN ELECTRONIC TECHNIQUE FOR CONS
RONIC TEC iF JONSTRUCTING
ACCURATE THREE-DIMENSIONAL S]-lRDU%EﬁEI?N

By John D. German, Jr.

In their paper entitled, “The Three-Di i
Burial Cloth,” which was | . A
al | W presented at the Albuquerque conf
ang és included in these proceedings, Drs, Jackson,?:mpe: ';#lt::rtetzx
ga tev;::lmnﬁmuss two in!:emting aspects of analyzing tI:e shroud
- EEF.‘ he first is a technique for generating a three-dimensional
o Jﬂ;nﬂmge ol therman of the shroud by using a Model VP-8
| yzer manulactured by Interpretation S
porated. The second, which resulted fr g e i
¢ I nd, res om analysis of that
dimensional image, is the empirical relationship between I:I:e iﬁ

intensity and the cloth-body distance, T 25
lationship is reproduced here as Figuntz 1. he curve describing that re-

CLIFTH- B0 DiSTvaE o)

Figure 1. Relative i i
. &I : up;ci;ty al'. the photographic negative of the shroud versus

The nature of this relationship revealed an important source of
error inherent in the construction of the three-dimensional image of
the shroud. The image on the cloth was formed by a process that re-
sulted in a non-linear relationship between the image intensity and
the cloth-body distance. The image analyzer system, however,
creates a three-dimensional image for which the relief (analogous to
cloth-body distance) varies linearly with the intensity. The practical
result of this linear relationship is that the image is distorted. If the
gain (amount of relief) is reduced to produce an image with a
realistic nose and forehead, the fainter portions of the image corres-
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-
dimensional image. The technique involves a system that electroni-
cally transforms the linear image intensity versus relief characteristic
of the image analyzer to a non-linear characteristic that corresponds
to the actual image intensity versus cloth-body distance relationship.
This system is called the transfer function generator.

A diagram of 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 factor of ten to put it within the range of the adjustable diode
bias voltages at the input of the second amplifier. The gain charac-
Leristics of the second amplifier, called op amp B, can be adjusted to
produce any desired transfer function by a technique called piece-
wise linearization: approximating a curve by a series of straight lines,
Before describing the details of circuit operation, let me discuss the
transfer function that is necessary in this case.

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

Relative Opacity = 9 + 46 e-1.03d 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, T, to cloth-body distance, d. This equation is

T =91 - .46 ed Equation 2
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When this is combined with the linear intensity versus transmittance
characteristics of the television camera, the required relationship be-
tween the input voltage to the transfer function generator, Vin, and

the output voltage, Vout, becomes
Vout = 0,64 (1 - e23.2Vin) Equation 3

This relationship shown as the solid line in Figure 3 is the transfer
function that must be approximated by the piecewise linearization
technique; Intuitively, this curve seems to be of the correct shape.
For small values of input voltage, which represent low image inten-
sity levels, comparatively large values of output voltage occur. For

the resulting gain is much lower, The

larger values of input voltage,

effect of this transfer function will be to greatly increase the relief of
the points with a low image intensity relative to the points having a
high image intensity, i.e. increase the relief of the eyes and cheeks
while suppressing the relief of the nose and forehead. This is exactly

what is needed.

JJiry
o

| | | |
0.3 0 N5 n.h N7

f 0.1 0.7
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Figure 3. Transfer functions for a video signal
dotted line is {he original transfer function

control unit and the image analyzer,

of 0 -0.7 volts. The straight
between the TV camera
The solid line is the transler

roduce a correct 3-D shroud image as

function necessary Lo P
n 3. The dashed line is the actual transfer

specified by Equatio
function produced by the transfer function generator.



The gencration of a transfer function by piecewise linearization
with an operational amplifier is accomplished by causing the gain of
the amplifier to change at certain selected values of input voltage.
These values are called 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 to the input
resistance. If 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 R1B 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 R1 through R6, and the gain is a maximum. When the input
voltage to op amp B is between -0.62 and -0.80 volis, diode D1 be-
comes reverse-biased, R1 is removed from the parallel combination
making up the input resistance, and the gain decreases slightly. This
process continues until, for op amp B input voltages greater than
-2.76 volts, the 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 of the operational amplifiers, the
photographs definitely show that the generator is performing as de-
signed. In Figure 4, notice that with the transfer function generator
in operation, the relative height of the nose, brow and cheekbones
are reduced while the hair, hollows of the cheeks and bridge of the
nose are brought out more. Shown in Figure 5 are photographs of
black and white television pictures of the photographic 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 of 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 for cloth-body distance has enabled us to construct a
much more accurate and realistic three-dimensional image of the man
of the shroud, The reduction in image guality caused by the band-
width problem should be easily corrected; we are currently working
on solving this problem.

Figure 4,

h is the best
- i image of the face. The top phutngrap:
Eﬁ'&dﬁmﬂf wil.!gmul. the tt‘:“smr l{u?::gn rE:Ell ;nt:::;. i.n:n];hgee
hot h represents the preiim
E::::&limpl ;mg transfer function generator.
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EDITOR'S NOTES

By Kenneth E. Stevenson

Normally every editor makes his glowing comments aboul a
written work at the beginning of that work; however, considering
the very sensitive nature of these proceedings, | have purposelfully
held off until the end. About ten years ago, | was introduced to the
Shroud of Turin at a Catholic Discussion group at the Air Force
Academy. Since 1 did not really know the Lord at that time, |
mentally filed the interesting new information away for future re-
ference. Some three years later when I met the Lord, | immediately
began looking for information on what was by then only a dimly
remembered lecture. 1 was appalled to find that almost no one had
ever heard of the Shroud other than as some vague relic of the
Catholic Church. It Is The Lord, by Peter Rinaldi, filled in the gaps
somewhat and proved a useful vehicle for introducing the Shroud to
the uninitiated, but it was all that I could find. At no time did 1 ever
dream that I would have the opportunity to study in detail the
exciting research in these proceedings, let alone to help to compile
them! Indeed I am forever indebted to Drs. Eric J. Jumper and John
P. Jackson for the privilege of editing these proceedings. It is a
singular honor that 1'll dearly cherish. But there is more.

In the past six months I have without a doubt witnessed the
Hand of the Lord at work in a very real way. In 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 as if it
were their own.



In fact, the project has broken down many barriers. Non-
believers have trod enthusiastically in the footsteps of Delage seeking
the truth of the Shroud. Protestants and Catholics have pul aside
their differences and stood together in awe before this Holy Relic.
And as more people are blessed or troubled by the mysteries of
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 corner, for the
Shroud bears evidence which demands reflection for believer and
non-believer alike!

All has not been roses however, and 1 would be remiss if 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 first 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 all viewpoints and yet arrive at the one truth?

God’s word gives us an answer:

*. . . If this counsel or this work be of men, it will come to
nought: But if 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 the Shroud and with
it the Gospel to the 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 belief in a cloth, but in the
person of Jesus Christ and His vicarious sacrifice, anything that lends
evidence to or just sheds light on that sacrifice is powerful indeed.

St. Paul also said, "1 am not ashamed of the Gospel of Christ; for it is

i ne that believeth.”

wer of God unto salvation to every O
Elﬁ'i}rri::ns 1:16) We, like Paul, must be bold; we must h?lﬂ up for the
world to see, the evidence of the Gu{lvmun,Jes't::s (i::;s; o ot
Even if the outcome of our researcil I1EdVES -
quustian, or gives unwanted answers, thelworldd ‘EEE;:,%;::; 1 l:;::ﬁ
erceiv[ing] that [we are] unlearned an ;
?:ﬁjllﬂnn?afml; an[d . . . [take] knowledge of [us] that [we] have

been with Jesus.” (Acts 4:13) Maranatha.



