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Fig. 1: Frontal image on Shroud of Turin; note sharpness of image.



THE VERTICAL ALIGNMENT OF THE FRONTAL IMAGE

IF THE SHROUD IS DRAPED OVER A RECLINING BODY
IN THE SUPINE POSITION, FRONTAL IMAGE FEATURES,
TO FIRST ORDER, ALIGN VERTICALLY OVER THE
CORRESPONDING BODY PART

JOHN JACKSON

Introduction

In a previous paper (Ref. 1), we showed that the frontajenwan the Turin Shroud, shown in
Figure 1, possessed a noteworthy characteristic. The intensity structure of the frontal image
could be interpreted as though the Shroud had, in fact, enveloped a body shape and
"received” an image by a mechanism that dsem the cloth as an inverse function of cloth

body distance. These studies indicate that image intensity on the Shroud correlates in a one
to-one fashion with clotfbody distance. Another important characteristic of the Shroud
image is its sharpness omhiresolution, which approaches that of a focussed photograph.
This indicates that the discoloration of a given point on the Shroud must be correlated
essentially to some unique point on the body. Otherwise, the image would appear blurred due
to the overla influence of many points. These two characteristics suggest that it may be
fruitful to consider the Shroud image as a pampoint mapping between a body and cloth
where intensity decreases with distance.

In mathematical terms, we might express thihva distance vector J9 from some point p
on the body to a point g on the cloth where an image of p is recorded with intensiy Ii{D
order to calculate the intensity distribution of the Shroud image using the relatjgnit(d
necessary to firsgpecify the vector R for all body/points p. This involves determining both
the length and direction of the vectorg,Which, for the Shroud, is a difficult problem owing
to the complexities of the image.

However, the problem can be simplified consaddy if the length and direction aspects of

Dpq are analyzed separately. Thus, in our previous paper (Ref. 1; pg. 2248), we made what
appeared to be a reasonable assumption, based on our cloth drape simulations, that image
features aligned everywhere vedily over the corresponding body part. Whether or not this
relationship was strictly correct, we assumed it was correct enough to then examine image
structure with respect to the length gfy@nly. This study demonstrated a significant degree

of correlaton for points p associated
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with a body shape and q with a cloth surface naturally draping over that body shape.

In this paper, having now established a first order relationship between image intensity and
length of Qg we return to the direction& problem in light of this finding. Here, we
evaluate the directionality properties of,JP and thereby test our initial assumptions
concerning directionality in Reference 1. If we find agreement, then we will have established
a seltconsistent, mathematl characterization of the Shroud image. On the other hand, if
significant disagreement is found, then we could in principle use the results of this study as
new input for directionality and attempt to iterate to a-sefisistent characterization of the
Shroud image. The goal, of course, is to identify certain symmetries and patterns of the
Shroud image that might suggest an image formation mechanism.

Finally, before proceeding, we note that the analyses and conclusions of this paper, because
they deal wictly with image structure, are independent of the recent radiocarbon
measurement of the Shroud.

Analysis of Image Directionality

We now consider in detail the problem of determining the directionality,@Bppropriate

for the Shroud image. As in oprevious work (Ref. 1), we shall present our discussion from

the point of view that the Shroud covered a body. We do not discount the possibility that
someone artificially created the image to appear as though the Shroud enveloped a body, but
in view of the subtleties of the image discussed both in Reference 1 and in the present paper,
we think this hypothesis is incorrect.

Figure 2 shows three paths that information could have taken to reach the cloth. It is
conceivable that body surface information ntiglave been mapped along perpendicular
paths to the body surface (e), or perpendicular paths to the cloth surface (a), or perhaps along
vertical paths between the two surfaces (p). As illustrated in Figure 2, which shows the cross
section of a clotitovera body at the level of the nose and cheeks, each mapping process
would obviously produce images of different distortion when the Shroud is laid flat and
viewed. Accordingly, it should be possible to deduce from the Shroud image and by
reconstructing the iplied "burial" configuration of a shrouded body which, if any, of these
mappings is appropriate. We have restricted our study to these three mappings because they
represent the simplest symmetries associated with the three basic functions of information
transfer from a point on the body to a point on the cloth: signal genetien channel
transferd p, and signal receptiod a. Further, these mappings are consistent with the
apparent bilateral symmetry of the Shroud image about the body's longituditealine.
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Fig. 2: Paths of possible information transfer from body to cloth at level of nose and cheeks: perpendicular from
body surface e, perpendicular to cloth surface a, parallel to axis of symmetry or vertical p.

Let us now form a preliminary evaluation of these three mapping possibilities. Above
experimentally determined body and cloth profiles, shown in Figure 3, is a microdensitometer
intensity plot of the Shroud image to scale. From this drawing, it is apgaegnof the three
mappings discussed above, the vertical direction produces the best correspondence between
points on the body and cloth. Projections perpendicular to either the body or cloth surfaces,
off the nose in particular, would produce imagesighificantly greater distortion. Projection
perpendicular to the body surface would, in addition, produce a region of "confusion”
between the sides of the nose and cheek that is not apparent in the Shroud . image; see Figure
1. From this simple proceduri&,would appear that, as assumed in Reference 1, a vertical
mapping from the body to cloth would best explain the layout of the image on the Shroud.

However, a more comprehensive and rigorous way to examine the directionality problem
would be to start wih the given Shroud image and sedinsistently compute a three
dimensional body surface for each suggested mapping. These surfaces could then be
examined for their anatomical correctness. To perform such a computation, it would be
necessary to assume bakle geometrical configuration of the cloth surface and a reasonable
correlation function relating image intensity with distance which must be used for all
mappings. If distance is taken to mean the "length" of the mapping vector for each mapping
hypothess, then the problem of
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computing a body surface for each mapping is mathematicallydeétied. *

Two reasonable criteria for determining a consistent mapping are that the computed body
surface (1) be anatomically reasonable and (2) naturally sispaarioth in the geometrical
configuration initially assumed for the cloth surface. The latter criterion obviously requires
that the assumed mathematical surface used to represent a draping cloth corresponds to the
way a cloth drapes over an actual bodyconfiguration that can be determined a priori by
experimental reconstruction over a real body. Figure 4 shows the mathematical reference
surface we used in such a calculation to simulate a cloth draping over a human body. Figure 5
shows that a linen clbf woven in the 3:1 herringbone twill like the Shroud, in general drapes
over a body shape like the assumed surface.

We performed the computation described above by first digitizing the Shroud image with a
microdensitometer, described in Reference 1, aseguence of widthwise scans. The
measured intensity values were then stored in computer memory along with the
corresponding coordinates indicating locations on the Shroud (when laid flat). We then
computed a "body" surface by (1) converting image intgnsitclothbody distance for each

point on each widthwise intensity scan and (2) projecting that distance from each cloth point
in a direction opposite to the mapping vectopg, N the plane of the scan. The computed
"body surface" was then constructeq Istacking the widthwise “"body" profiles in
consecutive order such that at natural cloth/body contact points the body profile aligned with
the corresponding body part in real life. In our calculation, we accounted for cloth drape
effects by relating distaes measured along the deformed cloth surface profile to distances
measured widthwise along the flat Shroud image, something which was not previously done
(Ref. 1; pg. 2248). We then extracted from computer memory the intensity of the image at the
equivalet location and converted it to distance, as explained above, to compute the
coordinates of the associated body point in space. We constructed the surface to be actual size
because we needed to envelop it with our cloth model of the Shroud to test epéh dr
characteristics according to the second criterion as discussed above.

The steps of this calculation are shown in Figures 6 through 9.

* An alternative method would be to start with a clotivered body and compute an image pattern for each
mapping. However, the problem with such a procedure is in deciding what body shape to use. Starting with the
Shroud image, computing body shapes for each mapping, and then testing the shapes for anatomical correctness,
as we propose, avoids uncertaintiesiriitial conditions for the calculation and allows us to examine the
calculated body shapes relative to obtainable physiological data.
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Fig. 3: Intensity profile from Shroud image compared in scale to actual body and cloth profiles. Note that the nose region is con-
strained to a region bounded by a near vertical mapping as opposed to a perpendicular-to-cloth or -body mapping. The two features
in the microdensitometer plot on either side of the face correspond to the Shroud hair. These features were not part of the facial
profile depicted below and therefore should be ignored. Likewise the apparent bruise on the cheek was not modelled and therefore
should also be ignored.

Fig. 3: Intensity profile from Shroud image compared in scale tmahbbdy and cloth profiles. Note that the
nose region is constrained to a region bounded by a near vertical mapping as opposed to a perpechtitular

or -body mapping. The two features in the microdensitometer plot on either side of the face ndrteshe

Shroud hair. These features were not part of the facial profile depicted below and therefore should be ignored.

Likewise the apparent bruise on the cheek was not modelled and therefore should also be ignored.



Fig. 4: Mathematical reference surface to simulate draping Shroud; compare with Figure 5.

Fig. 5: Linen Shroud model covering a human body shape.



