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REETRALT

The main thrust of thie stody was to detormine
Lf any abnorsmalities (distortions) of the image
on the Turin Shroud could o ascertained. An
edpariment was established to determine a compars-
tive standard. The experiment identifies signif-
lcant disrortions which cannot be explained by
anatomical variation or cloth stretching. The
Eeasurements appear to be conslstent with a clath
draped over a three dimensional body form.
Furthermore, imsge featuresd support a vertical
mapping process.

INTRODUCTION

The cloth known as “The Shrowd of Turin” is
woll documented Iin tha literaturs (1). There is
a growing controversy over whether the image on
the cloth was the work of an artist or the result
of some natural process (2). Hone of these
hypotheses have baen demonstrated--which probably
accounts for the controversy. Figure 1 shows the
frontal image on the Shroud which appears to be a
good resolution image of a male form. Though
thisa image appears to be anatomically reasconanle
there are some second-order characteristics which
indicate that this may nok be so: broasdening of
hips, elongation of arms and fingers, lateral
displacement of hair away from side of face.

Buch distortiens have also been noted by other
investigators, for example Bugibe {(3), who
lnterprets them a5 Marfan'as Syndrome, a hereditary
disorder cavsing clongation of limbs. Our
concern, however, is with image formation
hypothesés which might acocount for various aspects
of the image, both chemical and with respect to
image structure. We therefore thought it
appropriate to quantify possible image distortion
on the Shrouwd to see Lf they are af a magnitudes
which cannot be explained by standard anatomical
variation, thereby specifying soms special
conditions which an image formation hypothesis
must ocxplain.

EXPERIMENT
Cur experiment began by selecting a group of

male subjects (98) whoss helghts were 510" % 2.0
inches. This height ranga was determined by
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placing subjects of varlous helghts Ln &4 eloth
model containing an image of the Shroud and
determining for what helglits corcespondence with
the image occcurred. The cloth model uscd in our
axperiment was made of 34% ! 22 micron thick linen
which wall approximated the 325 mlcron thickneass af
the Bhroud {4} and therelope, presusably, its
draping charactsristics when new. The drawn-in
impge was scaled according to measurcmcnts made by
omne author directly on the Shroud in Torin.

After ensuring sach subject was generalily
arranged in the coxrect position, by aligning
apparent poinks of contact, the cloth waa remowved
and a photograph of the contorted person was
taken from directly above. A grid system ander
sach subject ensured no notliosable lens diatortion.
it was also interesting to note the apparent
phiysical differences botwesn esach subjeet and tho
actual Shroud image, Thers wera apparont 4iffer-
ences betwesn hip width, arm length, and finger
length; all these physical [eatures apprar bto be
abnormal on the Shoord [(Flgure 1).

Figure 1. Frontal Image of the Bhroud.

All 38 photographs were examined to eliminate
any subject who had moved from the indicated
pogition because alignment along the head to foot
[(height) axis was eritical in esstablishing a
reference axis vhich could be compared to widch
mtasuremonts. After collecting the sample




population photographs that aligned in the verti=
cal (50), teams measured and recorded the
distances between selected body points. These
measurements and thelir results are given in Fiqure
i.

A 9,86 .66 Middle (second) finger bottom hand,
tip to web between adjaining fingers.

36.3 * 1.6 Width of hips along horizontal level
ak "V" intersection of hands.

36.3 % 1.5 width of hips along horizontal level
at bottom hand, tip of pointing (first) Einger.
33.6 £ 1.B width of hips at Man of Shround's
right forearm intersection with body to left
forearm intersaction with body.

120 ¢ 2.8 Tip of nose to top center of Man of
Bhroud's left knee.

B&.9 3 3.0 Left nipple to top center of left
knan.

22.5 1 3.1 width of knees, horizontal, exterior
boundary to exterior boundary.

11.8 £ 1.9 Width of knses, horizontal, center to
conter .

I 13.9 ¥ 78 width of face at hair/face inter-
sections a long horizontal level through center
of eyebrows.

12.6 T 1.4 width of face at bone structore at
edges of eye sockets.

47.9 ¥ 2.1 Length of Man of Shroud's right fore-
arm, elbow to tip of middle (second) finger.
42.5 & 2.9 Breast bonw at lewel of nipples down

c

to knuckle of middle (second) Finger of top harl.

33,9 % 1.5 Inner elbow horizontally to Llnner

olbow.

8.17 4 .59 Width of Man of Bhrocd'sz left {top)
hand along ridge of knockles.

32.2 ¥ 1.2 width of arms (intsarior to intariar)
along horizontal line conmecting nipples.

=]

133 2 2.5 Top of head (center) to tip of left
knes (center]).

22.5 1 1.4 Hipple to nipple distance.

8.93 £ 1 4 Length of ring (third) finger, web
between adjoining fimgers to tip., top hand.
9.38 £ .98 length of ring (third) Einger, web
batween adjoining Ffingara to tip, bottom hand.
f.84 & .85 Width of Man of Shroud's right
(bottom) hand aleng lowsr base of top hand.
&8.6 + 2.9 Man of Shrowd's right =lbow
(exterior) to his left knee.

W 7L.6 % 3.1 Man of Shroud's inner slbow of left
arm to his left knee.

Figure 1. Average Measurements from the Selected
Population (centimeters).
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As a check, we compared our sample measure-
ments with documented 1967 anthropemetric data of
a fully grown, male adult, 5°10" (5). BSeveral of
the anthropometric seasurssents were of the same
body parameters as the measurements in our sample
population; & comparison is listed in Figure 3,
These measorements are in good agreesment, which
support our measuring technique.

AFPSC Samgle

Hand Breadth 5.92 9.17 ? _sa
Middle of Eyes

to eroteh 79.2  Bl.3 % 37

Hip Breadth /.0 3.3 1 1.6

33.8 % 2.4 Nose to breathons at level of nipples.
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AFSC Saaple
Mght Forearm
to tip of Pinger 46,5 47.8 + 2.1
Middle Finger 9.80 9.86 L .86
Face Breadth 14.3 14.0 & .78
Figure 3. Comparative Measurenents (ceatimeters).

The photograph used to determine Shrowd body
measurements was & 193] photograph takea by Enrie
(6) . This photograph was chosen because it seemed
to well define limits of the body imsge. Since our
experiment involved messuring image distortions, we
had to ensure that cloth stretching and camera
distortions were sufficiently small. We avaluated
both potential sources of distortion by projecting
Miller's 1378 negative image of the Shroud over
Enrie's 1931 positive peint. Yhe correspondence
betwean these images was pemarkably close, but we
eatimated differences M2 0.4 for a length £ on
the image. Thus, we concluded that cloth-stretch
distortions are probably no greater than this value
since these two photographs représent two independ-
wnt occassions of -wltlm. e estimatred
photographic distortion from Miller's 1978 photo-
graph, realizipg that thess results alsc apply to
Barie's 1931 photograph, to an accuracy of 0.4%.
Thia was possible because Miller's photograph was a
series of three adjacent photographs and slight
discrepancies in overlap could be measured. We
eatimated for photographic distortions, s/ 2 7w,
Measurements of the Shroud image were taken and are
given ln Flgure 4. Because of damage to the actual
image on the Shroud, some had to be estimated. In
particular, the slbow gaglon of the Man of tho
Shroud's lower forearm has been burned away,
thereby hindering accurate measurement of the fore-
amm length. Howower, wa assumed that the slbow was
at the burn mark intersection although it could
have been further in. This asaumption was also
consistant with where tha “"blood™ flow departs from
the forsarm, probably indicating where the elbow
should be located. In this way we were gemerally
COnHervative in our measurements.

K 12.7) 12.2 I 15.0 g 133.2

o (3.5) 40.4 J 1).4 H 22.8
Cl.9) 39.3 K (4.7) §3.7 5 2.07

p {7.8] 47.7 L #.7 L i

E 117 M (2.2) 37.4 U H.66

F BB8.B N B.29 v (2.1) 74.6
c 231.4 0 33.7 W Tl.1
H1lL.9 P 30.3

Figurs 4. Shroud Measuremsnts (centimeters).

In Figure 4, we indicate which Shroud seasure-
monts fall abour ¥ two standard deviations or
graater of the mean for that measurement (as
indicated in Figure 3} by a number (in parenthesis)
givlng the numbor of standard deviation=z. ‘Thus,
the number of measurements displaying & distortion
“wlgnal® agelnst a background of anatomical “noise®
ie meven. For the wemaining 16 data pointz, the
signal to noise ratio is too mmall for meaningful
conclusions. Tt is important te note that the
noise is due to a fundamental uncertainty as to
should be associated with the Bhroud image, and
accordingly we had to represent that shape by a




statistical ensomble of voluntser subjects. It ig
notewarthy that all measursmsnts falling outside
two standard deviatlions (iL.o., hlip width, finger
length, bottom arms length) are longor tham tha
mean values and that they can be seen by comparing
a typieal, subjeet photograph with the Shroud
image in Figure L.

We considered these ssven mesSuroments, soms
of which are several standard deviations frow
the mean, as definite indications that statisti-
cally significant distortions exist in the Shroud
image. These data, however, are probably
insufficiant to discriminate betwesn varipus
hypathesis which might attempt to explain the
distortions. Howewer, in the Interpretation
Bection, we proposc an explanation of thease
distorcions.

INTERPRETATION

The general layout of the Shrogd imags
sugpests that it was formed by the Shrood draping
over a body; thus, it is natural to propose that
the image distortions might be due to cloth drage.
In other words, we are soggesting possible image
distartions caused by projecting a thres dimen-
gional object onto a curved cloth drape, then
obsarving the cloth flatteped onto a two dimen-
salonal surface. In Figure 5, we show an image
made from projecting a body photegraph onto a
purved surface modeling a draping cloth ower a
body. This surface was gensrated from blostereo-
metpic data of a cloth model of the Shroond draping
aver a volunteer subject whose undistorted image
is also shown in Pigura 5 (7). Althoogh somewhat
exaguerated, It doss point out arcas whore
expected dizstortions should occur on the Shroud
image , if the Shroud cloth cowwered a homan Dody
form when tha image formed. We note that the
hips, forearm, and Fingers (if they had been
eatonded) would show positive distortion as
indicated by the data of Figurs 4. We forther
note that other distortions such as broadehing af
the hair can be obasrved inm the Shroud image.

1 ¢ §
Body Distortions Coeused by a Cloth
Orage .

Figure 5,
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The face does not appear to he distorted, how-
ever, but careful analysis does indicate that
geometric distortions probably exist. At the edges
of the face on both sides we note ip Figure & that
the image is sharply truncated. These reglons
otcur at precisely the plade where the herringhans
wrawve pattern of the Shroud changes direction;
hénce the truncation Ls probably an artifact of
the cloth and not of the image ltxelE. Further,
there is a blood image on tha right of the face
and forshead level indicating that a supportive
structurs for this blood could have bBean present
in the region whore apparcntly no image was
formed. Most likely, this would be the continua-
tion of the face into that region. Most soggestive
of all is 2 Taint image which soams to be a
continuation of the face extending into the void ap
to the hair (note in particular the extension and
dintertion of the eye socketm). Comparing this
image with Flgure 5, shows that the facial image
af the Shroud could be distertsd in accordance with
the draping characterlstics of a cloth owver a face.
On the Shroud, the halr ssema to hang abhorsally
off ko vach side of the face, but what could have
happened is that the halr was asctoally in contact
with the sides of the face but displaced away by
geometric distertion.

{8) .

Bhrouvd Facial TFeatures

Figure &,

It is important to polint out that Fliguro 5
imagery should be regarded as goneral indications
of where cloth-drape distortions ought to occur
and not necessarily as an Indlecater of distortion
magnituds, for in the case of the Shroud, preciss
boyndaries are noncsdistent where an Figure 5 they
are well defined. Accordingly, the Figure 5 image
probably appears more distorted than on the Shroud.

Thus, we feoel
distortion on the
ceasonable. This
clath draped aver

the interpretation of lsago
Shroud due ko cloth-drape is

is not to say, howsver, that a

a body at the tise of image
formation becanse it might be possible to intorpret
the tmage distortions in some other way. Zugibe®s
(3} explanation noted abowe, howewver, is probably
premature because it presupposss a body under a
cloth and distortions dur to Marfan's syndoome
would have to be considered only after taklng inte
agoount cloth=drape distortions. Logically, image
distortlons should be viewed as an image
charackeristic to be explained by a particalar
hypothesis and we only nobte here that detectable

[T 7% distortions are consistent with those
induced by cloth drape, We discuss the relation of
VAT LoOUE h'-‘y::l.he:u.s- to inage distorrions in &
srparate paper (9).




we should point out that the notion of cloth-
drape distortion is to some extent ambigoous
because the character of such distortions depends
upon hew body features are presumed to have been
mapped onto aloth, This Is Lllustrated in Figure
7 which shows three paths infermation could have
takan in order to reach the cloth. It is con-
ceivable that body surface information might hawve
been mapped along normal paths to the body
surface, or normal paths to the cloth surface, or
perhaps even along parallel, wartical paths
between the two surfaces. As illustrated in
Figure 7, which shows the cross-section of the
noss and cheeks, sach mapping process would
obviously produce images of different distartion
whan the Shroud is laid flat.

-
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Figure 7. Possible Paths from Body to Cloth.

Abowa the body and cloth profiles, shown in
Figure 8, is a microdensitomseter plot of the
Shroud image to scales at the noss. From this
drawing, it is apparent that only mapping in a
vertlcal direction peoduess nearly correct corres-
pondence between poilnts on the body and cloth,
Projections normal to either the body or cloth
aurfaces would produce an image with significantly
greater distortions. Inm fact, projection normal
to the body surfasce would produce a region of
"confusion™ between the side of the nose and
chenk, FProm this simple procedurs, it would
appoar that a vertical mapping from the body to
cloth would best oxplain the type of distortion
wiich might be attributable to cloth-drape.

o

Microdensitometer Trace of Shroud Face
Compared to Cloth Drape.

Figure 8.
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It is noteworthy that a wertical mapping would
explain several subtle festures of the Shrouwd
image. One characteristic is the lack of side
images anywhere on the fromtal ilmage. And second.
the appareént "blanking" of the (mags in the
vicinity around the bands would be explained,
particular, the image of the bottom hand at the
lower lewel intersection with the top hand is
*planked cut™ for about a finger's width. A simpls
explanation ie that the cloth tucked abougt the tog
hand and where the cloth was essentislly wertical,
no image was rransferred even though the cloth was
apparantly close enough for image formation to
ocour (i.e., the top and hottom hands are visible).
If the mapping was normal to either the body or
cloth surfaces, an image should have been formed,
but §f wertical, no Image would have beon gemeratod
mntil the cloth “leveled* out over the bottom hand.
Such characteristles are compatlble with a vertical
mapping/cloth-drape interpretation of image
distortions which have been demonstrated abowe to
exist an the Shroud image.

In

CONCLIS 10MS
In eponclusion, we note the fallowing:

1. The Shroud image contains significant
distortions which cannot be explained by anatomical
variation, cloth stretching, or photographic
parturbakion.

2. These distortions seem to by consistent with
those induced by a draping cloth over a full three
dimensional body form.

3. If conclugion two is physically walid, then
the character of the distortions and some
anamolion of the image seem to bo best explalned
by o wertical mapping process.,
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