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1'\<t frontal iaage on the Shroud o( Turin 
l• 1hovn t~ be con•istent vith • bodr 1h•p~ cover~d 
v lth ~ natutallv drapiftA cloth al'ld ~lch caft be 
ilf:tl'ltd ft<M a 1in~le, ~lohal atppit1'C functlon N­

l1t i ,_,. iup •hlldina with distaoce httwttn tlu·~ 

two 1urfac:~•. tbe •isible ia.ttl! oo th11 Shroud i1 
ftOt the var\ nf •• ttti•t in aa eye/bralfl/t.and 
coordln•tiOI\ senae. DOt' ~. lt a.,ptar to be t1'~ 
re1ult or direcr: cont•«- only. ditfu1ion, radiation 
CtOl!I 1 bc>dy lbape ot- engraYiq, dabbtnc p0"*r on • 
b•• re1 laf, or elec:tro11tatio illla,gin~. Tht1 •lti1>1• 
l!Mttfl on th• Shroud is l>robably not the rttulc of • 
hot bat"'tf'lief impre..ssed into clotli, but tuch a 
~ch,.ni u11 t1l•l<it ~ able ta 11ecount for the Shroud 
lrM••'• <lltt•nc.\! (:<)l'rt: l •tion, rt';eolutto•l, .1nd Chein.,. 
lc:al .lttueturi!:j it does not simult,11n~o11t1ly .1ccounr 
for the inia~ residing on one ti.de of the Shroud , 
lov co11tr~11t of the qhroud i•age, or late ta I dis­
cort i.nnc In the Shro....t i111.itte cont i sttnC v i th • 
draptn~ c loth over • body sba~e. 

I. 1"1'MOOCrtON 

ln turia., Italy thP:re ••i~t• a 16 foot l 
inch llne1'1 cloth kGOtim ., the> Mrroucl of TuTin. 
Thl• cloth c:onrain.a •tsible disco1oratioru1 o( th~ 
aPOAtf!nt frOf\t•l a!'ld do~t al i.tutes of '1 l\U.Un llllt 
fof'llll (Fi cure l). Th.- ia.aJt~ •p~•r~ to be that of • 
c:ructfi • ion victi• vho ha• been vhioped, \niC~ in 
hlJ rl•ht Jide, and physically abused. Tht•~ c:h•r• 
act~rittic:• , reninisc:ent of what the Co1pel1 repott 
haopened to Jesus , have led sonlt' co hye>o thet ltc: 
thot the "Man o[ the Shroud" l e: Jes11t ""1i 11!1 ot.htr• 
still r~~~in cautious , avaiting ln •~ lnttnncct ~ 
l"ndtoc"rho" date of the Shroud. ln thl• p•p~r. wtt 

const der th~ Shroud i•~~e fr(lln o point or view t h3t 
ls indepcOOent of r.he tdentif tcat ion of the Mal\ of 
tht Shroud and •cco·rdingly a ll conclu•ion.f reached 
•r• lndependenc of wt\ether or not the Shroud it tht 
•ctual buri.tl c loth of Jesus . The general layout 
of the frontal and dorsal ieages c~n be interpretfd 
a havin" been produt~ ftoa a body envelopff be­
tve•ft folded halve• of th.e Shroutl. lt i• io thie 
•t11ft•• that t~• e-tnth c..n b. int•rPf'•t-4 •• • 
•hroud. Hoveve-r, correct -Kientific inquiry r-t· 
41rdlnc the nature: oC the Shroud i .. ._ -.1t n0t 
ucludt the oottibility that the \Ju~• v•• thlt uor\ 
of~ 1rtl1t, possibl• aade to loolt llke the bu~ia1 
thr<>ud of Je1us. '-• an •ct Fot111, the Uu-.t •lg.ht 
h•ve bfo_.n Dl"Oduced by sim:ple l!)'e/brain/hand C:O"' 
ordination (ttke • Ninti(I~) or by 90M: 1)h1•ic:•l 
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•cha1ti.s• (i.•., dte•ic•1 tr•n•fer froe a m.,.,, 
corpse or $t•tve.) 

Jn tbt.s paper. vie ditc:ut• the Shroud 
iM!lC vi.th reapec:t to its eh11din,., .-r,..11<'ture. For 
disco11ioo.s of the Shroud i•"~ r•lative to its 
chemical -propeo: r ties as Wl I •• ••piects of th~ 
Shtnud outside the' •cope of th\• paper, we ref•,. 
the rea'1ec to ot-her l iter1tur• (Aet1. 1-4). Our 
di•<:us.tion consi•t• of tvo parc.11 fi l'•t, wa de ­
ter•i ne the t ype or ahadinR ~tructure contained 
in tho! Shroud ieage •nd ••cond, vc dltcuo• "•T"' 
taus hyP<>cheses with resl>f'Ct to tht type of .!lhad­
ins at r u<;ture deteriatneod. Our • naly• I• or the 
firott p•l"t wilt pre•u.ee !'IOthina of thfJ chem i cal 
natuce. o f tho Stir-oud la.age 1nd accordlncty, thit 
di•c:use ioo v i 1 l be independent of i•age c:he.­
i1cry. ln the second aectton, h()t.ttVtir, we di1-
cus• cbeaical conaideretion.J tit.er• appropriate sq 
. ,., ta iact-~11tr.-t~ t:hi• ... .,_.,. ... 01.h -i1.h•r- ., ... ti•• • 

11. CRAAACTE•IZATIO< Of S~ADllC ~TRllCTUR£ 

A. Di•cussion. Citbert and Gilbert (Ref. ~) 
an.it Pellico r i (Ref. 6) btve publithtd tpec. rat 
reftecto~eter cu~vee: taken directly from the 
Shrouri i.mage . As a ~ner1l rule, curve• fro. 
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v•rlou• body i ... ge locations show siai l • r •h•,. hut 
vary only in. rtieit offsets it1 t'eClecti.vitJ ,..,ni­
tude. At SSO m. 1 •idpqiot of viaue\ 1"••pon.te, tht 
aini.,• absolute teflecti~ity (4t note) ls 1pptoxl­
••ttl)' t4% , cloth bac\tground 30%, ind nt11 linen 
58%. tra•)le reflectivit iM at 680 nm (ted) 1.nd 440 
nm (blue) are in the appToxim.i1te 1"4tlo of 2.6:1. 
Thu111, thll i.uge appear$ on a yelloved li•,en clott\ 
111 tJ falnt, yellow-brovn <liscolor•tion 1 wit h t had"' 
i ng iftttntity bain5 the only optical ch111;acterittic 
wh{cl'I v1eiet fro. pc>int co point so t8 to pro duce 
the pettern of 4 hum.an foT"lll. 

Gtven tt\at the ditcoloretlont on t.li• 
Shroud dt11cribe • hnan fora, i t ia natural to ••k 
i[ l.IUl~e tl'lr.ling, t, aigh:t be: • ·••o-c:lated vi.th 1011it 
pro~rty, P(x,y), of a husan body via a relation 

l(x' ,y') • f(P(x,y)l (I) 

Yher• ( :a:' ,y') •r• coordioates of .,_., iug@ point 
Oft the S~roud and ( x ,y) t~e coordinate• of the 
u1cx:iated Uoage feature oo the body th•tM:• lt i1 
coftceivabte chat no such telation e -.i1tt et 111 1 

p1rticu1ar1 y i[ the i..age lf'Cre the VOt'it of an 
ire i•t, but if ooe could be est&bl i.1hed, then ve 
11ight obt ain so• insiaht: regarding the ptoce•• 
which for•d th• i mage. Conceiv1bly, there are 
tuny propert lea or 8 human body wh ich could be 
Etinotlon,. \ly telated to the • hadin3 Jttucture of 
the s:nroud tmage . s~ raay be incidentJJll proper­
tlu of the body auTf.;11e• •uch. u te11ptr• t urt , re• 
f le ct i. vl ty. 1)f!1'tpi rat ion density, toughne11, etc. 
Othett may be related to the .x;.eo'letry of the body 
1urface. Par example, if g:su(x,y) dtsctibet that 
1urface, then the geooetric quaotiti.ct 1, gradlent 
:&, •nd ht3hitT" order derivacivea of a. could concei• .. 
ably be .. apped into shading at \tell. Th1;11, if 11e 
are to properly study the i .. ge Oii the Shroud, ~ 
-.a.tt identify the type of shading correletlon prea­
ent lo it• ahadiag •tcuct-ure, •nd 111n.alya.e variout 
iuse fonuti~ hypotbe.s6 ln light or thl• det•r"' 
•lnation. 

Of the uny possible par•a.eter1 vttlcb 
al1ht correl1te \f'ith Uaage 1hading 1 ve choee to 
exeftine fir•t the paraaeter of c l oth-body di11tance, 
rl, bated on • phot ographic ttudy of the Shro1Jd by 
Vi.anon in 1902 (Ref . 7). Vignon rioted th•t the 
dsckfltt part• of the luge •eemed to corre1pond 
11{ th the high relief parte of • body ah•pt ""•,. 
c loth contact could be e icpected. "" therefore, 
decided to exa1111lae the shndlng of the Shroud h1ago 
for • po1ud.ble correl ation vitb e.xSK):cted cloth-body 
d\stancet. 

a. Sull Sn.ple correlation TechnLq1,1e. Out 
procedure for •a•uriag the degree of correl ation 
betvMn iu1e shading aod cloth-bf?dy dltt 1nce in· 
volvl'd fir•t .ea•uring the traoaaitt•nce of a bl•ck 
and vh'E• transparency of the face taken o f the 
Shroud in l,18 (l.ef. 8) by a •icroden.sito.eter. Ue 

cholfl to sample 13 iuge loc1tlon1: tip of note, 
~ge• of no••· cheet.1 eytt, •Y• t.ocltets, bridce 
of nose, li p•, 11Ust•e:tie, and (orehead. The 
li•iced nunber of 11mple •••tur4Mnt• va11 deter-
111ined by the ..a11 numb-er of iuge fe•ture• 'ilhic:h 
ve felt could be t ccurat•ly ldtntifled. 

Neict, we .e•tl.lred e lo th-body diat1nce 
hy drap in-g a linen mdel of t l'le Shroud, hti:nd 
woven so a.s to corre1pond vlth the h•tringbone 
veave aM thic'c:nes• of the Shtoud (Ref. 9), over 
a beared \fo\unteer 1ubject . Slde photographs 
veC"e •de with the cloth in pl•c:• •M then: After 
il!l'llediately being re110ved. By tuP4ttiGpoaing 
these phot ograph• end utl.ag cont01;1"f g.adges ( t.aking 
c•r" n.ot t.o defot11 the clotb) vre deten1lned c:loth 
body ditt ancea. "• o.ote that Eh••• •••ure.ents 
do n.ot provide us e:1.4ictl1 v itl\ the cloth-bod1 dlt 
cane.es appropriate for the Shroud '-age aince th• 
subj•ct and clotb drape ate at lloett appro xt .. tion. 
'11u,,s, .o.e intrio•ic ctroc can be a•pecred to be 
pcese:nt. 

We then plotted tbtte data of cra-ns• 
•itt•nce ai:M5 ctoth•body dietance aftd deten11ined a 
linear regression line •bov'n In ('iaure t). As • 
•easure of the dcgtee of cott·elatLon. ~ calcula.t ­
ad the coeffici ent of deten1lnatlon, t • (c:orrtla· 
clon coefficient squared) gi"cn by (kef . 10) 
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2 2 . t l where: s
1 

and S are t••ptct\ve 1 the samp e 
varlance• of all \h\ in~entity valufl• being con­
•idered and the. sample ¥•tl•nce of th• i.ntensitl 
value-a <tbout tbe regttttion llne. lt'I general t 

is etlculated fro- • fi.olte nuaher of data 
point•, a., and •• tt&Ch Oftly 'l'Pio•\.,tea the true 
coefficient of deteraination, p • li• r

2 of the 
enti~e eet of data p•ir• (l,d). ~ • 



The int.1.!lut'• d coc:ff ieient nf dcttrnai na• 
ti.on, ,.2 , va.t 0.61) f.ot' tho 11 d~t1<1 points ;.s t th~ 
9St conf ide net! tevuL , t h it r tault i iop l ies th.at tho 
"ctual coeff i~ i e11t of ril! t •H't11i n•tion, pa, Lie.a ~­
tvten ll. 10 .snd 0 .$3 (ltef . I t), ThO\lg'1 the 1'.telge it 
quit~ large ov illg to tl\4' 11m.1l l 1turnber of d-..c:a 
POi!\t" available , eow ob1trYttloo1 :.aft n.eve rche­
le•• be -.;id-:-. Fir-.t, the null hypothe• is t hat p2 • 
") is e1ecluded by these dtta "'ith 9'Jt confidene .. , 
it'dicating thitt so.e eort•l• tion v itti isa~c shadin~ 
""" clotll- body dist11nc,,. it pre!l'.e:ot in t fte Cihr-,ud 
llft.31te ~s Vignon tu~.ft4tt•tl. Second, i.f ~ a~s~ 
ttiait the i.."llage v11s producitd by tile eloth lfcapinR 
l)v.,.r " bo1y shape, wttlc"I i~ C(ll'IJi.ste11t .,it" tl'IP. 
d4tA 1 t hel\ we ~n ""'l"'-"t '! the effec t ive C41l1." of 
<1i1co lorst ion effect " OI'\ the Sh roud. We de fine 
rhi; 1'1hlA~ 119 cl-iat •li.tt4nt,. 4' t ~(ch tlu:: l:'eKl'eaai(H'I 
lln~ t nt~r~tct3 thP •~~tagt cloth background i~t~n­
tlty . A,c:c:ord ing l'.O thl:t dl!lf {nitioo, we c o11 \c:u l.,t.c 
the r.ange. to he 1. 1 C''I. 

The rel iabi 11 ty in theo wasure.ent of r>z 
CO\lld bf: i»cteased if 'll)t'e 4'1t4 points loltr~ sar 
pied . We ca!'l estiute tt\• ~"• n , of data. 
pioint' required by the appro xlraate fot"f9U_l~ derived 
fr"'11 eq11at ion• in Reference l2: 

16( 1-.2>' 
• • 

p2f d(pi)/pif1 
O> 

tr ve tequ ~re 
2
d < P2) I o2 to btt si and u$e ct1e ICllPan 

value of I) t r = 60%, we c:• lc:u l• t ., chc nul!l.her f)f 
d•ta points requ i r ed to be 110!). tf however, o2 i1 
higher th~n our 60t e t ti -. tion, then the required 
~r of saeplin%S for Sl accutaey "WOVld ~ let•. 
T'l\c value of 1700 is prohi'>itive b7 the SMna.al sae­
pli~ tec:hniq-ue di•cu••ed abov"t , hut -..y be Po•-
1tl~le vi.! so:oe ~tOftllted •••pling <1lgorithtt. n., 
,.ain dif ficulty, hovev@r, in con• t ruct ing such an 
alanr tr;"m is in being .-,b l t to accuratel y regi ster 
polnt! i ri t he i 111.111g.e (ic ' ,y • ) vlth asso ciated poin ts 
o n a reference face ( x, y) ro the accur;i.cy O[ the 
1f•mpling ptlCe1 &t-r.e tnvo l ve!..S . 

C. 1\etief 111.a~e Technique. ~l though ve have 
not ~s: yet dev• l o ped an Adequ$te Jarge numb"er aa11-
pl i ng algorith•, \ile have ,r;udled the ShrolJ.fl i mage 
"'ith :a:M>ther technique that • 1 l ovs vi 9ual est iaa­
tlon of hov ·~11 1 .. ~e shading correl•tes v ith dit· 
taM.e. The technique in"Vol•e• scanning .1 ~ivtn 
i ... RC with an lntecpretatl~ ~ysr;ea:s YP-8 t ... ge 
An111lyz:e:r ( Ref . l l ) , *' anelo1ue systca th :at dis­
plays i•age shading •~ proportionate degrees of 
lp3tia l relief on a CH st: rel!n in rea l tiftle. Thi." 
£nstf\laent has 11l.t1tJ l>ettn uted a.5 •n iiMge prOC'.$-
1i.ng device by ot her inve1t(gator.s ( Re fs. 14-16). 
\le ne.asured the cetolutiOn of th e VP-8 to be equ iv­
~lent to roughly l300 plxelt over a facial surfact 1 

ni"rly the numb~r required fo l'" a 5% •tte4suremenc of 
o • This in.$t ruee:nt i1 ideally e.uited for deter­
t1i1tln,g wt\et:her a 1iven ( .. &• contains dist•nce in• 
fonut ion because it convtrtt iMge shading iato 
ce1 aet oc- di$t•nce vhich i · the quantity vc are 
tryia2 to corr4 lat•. 

561 

As .1n exa•np l e of !wv t11e VP- 9 ahtWit 4 
eocr~ l4t (on of l 111Jtge 'lhutl intt wttli d L-itanee. con­
~ idet' the lin.ag<?.$ nf PiRul'"4 (l) . The im.'lae in Fi~· 
ure {l -A) i'< _, !l1) r111.1l hl11ck 111td whi te phocog.-aph 
.,( di plast\'lr fa1;:~ ;11nd i:t tl\cre ror~ an .. ,. ,i,~d<>" 
map of h<:M light v a5 r ,.flt(tert uff t he fo1Jc!! into 
t he caffk?r.a. Tbe i'tla&" Ln Figure (l-8) , '1owever, 
h.11• a tl\aifins •trueture '°"'id\ correapon.19 not to 
•l'>edo , but to t he .,en11ettic4l jl,ructur~ or t'1e­
;tlatt:er rac:e. thi:t '••s.• vat produ.ced by .mi­
roraly c04ting tf\e fa't,,. v\th pftosphoresctnc p.&il\f 
t1nd, when op tie.-tlly ch11rA~tl , t1'ti~ face vuphoto· 
~raphed tt,r.;,uq;f\ a light ettenuatini: liquitl in 
wh ich it .,,as su~·n~r,;etl. The result wai; an i••g~ 
vhose slu31'1ing rlepenfied Up!'.1 1'1 hl')w f.iir li~h t propa'" 
~ated through the at t " nutt J 'lg l lquid, thar [ s , 
u1•DH dis t ance f ro•!I the ft('•• to the fl .it .. ,, Fitrlf!nrn 
t urf ace o f che I i quid. 

Figure 1. A. Albedo Pac•. I. Phosphoreaeent 
?ace. 

8oth i.a:g~" wcr• ditrlved ft'oe the sa..! 
faci4l surface, but mily t~e ont ot Flgur~ (3-S) 

11• .5 a a,_l\adin.g ~~ructuce that correl<Jt e<S directly 
wi th distance. F igu re (4) thovs iaag~ i ntf'nsi.ty 
vec•us dl~tance plot1 and lt.-'foclated ti.aenr ro:­
g ressioo lini?.s gener~ted by the ~otae proetduct: 
1111d s amp l i ng t oca tlon1 d l~cus.1crl previoo$\y !or 
the Shrourl i1na.ge . r 2 ro r ~aeh i mJJ:ge i s: abledo 
- 0.17, aTtd pho$phore1eeot • ().98 . .\a tor the 
Shroud i mage at the 95% eonftdence l evel, the 
alhedo image has a larJtf' unc.ertaint y (p2 bet!4een 
o1oo and 0 . 52; white fo r the phosphorc•cent f.tee , 
r is suffiei.entl)' l•tlf' that~ even fo r ll suple 
11c .. 1.1re•cnts, t he r•-n)\e of f> li.~ bet.~en 0.98 
••• 1 . 00 ( lief . 11). 

Figu-ro (S) thovs the !/P-8 i mgc int1tn­
•lty surfaces correspondtng to the tvo i••ge1 or 
Pigu~e (3) . lt I• obvi~ul that only the VP- 8 r e­
l lef surfaee corrflspOf\d it\l to the distance encod­
ed tmage of figure (3-B) (phO$ phores<:ent) acc:ur ­
at e. 1.y models the geo1nll)t ry of a facia\ shape-. tt 
is notevorthy that the 1~gni t ude o f r as meaaur • 
C'Jd above foe theae im•a•• •••~ to p4ralle l th• 
dtgree o f cloteftP'IS that t8Ch image approximac~a 
• r,.cial s h.;ipo. 
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PH DBPNdPESC EN! HERO 0 
Albedo Correlation . B. Phosphores-

cent Correlat ion. 

A. Albedo VP- 8. 8. Phosphore$cent 
VP-8. 

Tbus , the VP-8 system is capable of pro­
vi,.di ng iugery f rom. whi ch degree of di$t:Jnce corr.e­
lat i on c:An be vi•ually es timat ed. The toa in diff i ­
eul ty with thi• PC'OC'edu-re, however, i s: that c onclu­
sions dTawn contain so1t1e element o f J ubject lvity 
and as 1uch the VP..8 techn iqu e should not be eon­
s ide t ed .as .a re placemen t for an objective, l#tg,e 
numbe r $&111pl i.ng • l gorit hm discussed above. On t he 
other hand , t he Vl?-8 pr ocedure is currently thfJ 
only mr: t hod, available to us for incorporating l arge 
data aampl inlt in ()1,1r ~n31 lyses and the eonseque11t 
i ncrease ~n accuracy by s uch da t a s aJSp l i nga has 
been d iscvssed. t n addi tion, departut"ea from good 
correlat ion are readi ly apparent i l'l t h ci VP•8 
re liefs a.e distor tion• because of the graph ic and 
natural way int ensity data i s presented . Thu s , i n 
the absence of an objecti ve. large number t1aropling 
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algorithm vh ich ca lculates o 2• the VP•8 l.msgery 
ahould be a reatonably good ind icator of d istance 
c~rrelation and con.t iderably bett er than our 
previo11s 1 sma t l sampling techn ique di itcusaed 
above . l~t us nov Qx&•ine the Shroud i~age for 
possible dis tance infor~ation encodeaient v ith tho 
ve-s syst em. Pi~uTe (6) J1hOv $ the VP•8 reli ef 
.eiul' f Ace of the fronta l full body iro.age, ( R.e (. 
17) . Figure (7) shows the re lief t ur face fo r che 
f acial i m.age, vith bi.gh f requency t1o i se removed 
by sl1ghc defo cus i ng during s.canning. In bot h 
Figures ( 6) Aftd (7), the VP ... 8 i:-·e l lef 911rfacet 
s eem to correspond c l osel y tC> a phy.siological ly 
re.Jsonab l~ body s hape, the'Ceby demons t r t1t i ng a 
d'f:finite cotre l ation ()f i111age intensity vi th 

Figure 6 . Vl>• 8 of Shroud Frontal liNl?C 

Figu'Ce 7. 

D. Compatison of Reli.ef Image to Rody 
Sh:1p.e . lt ls d i fficult to eva \u;)te hQv close the 
VP .. 8 Shroud re l i ef of figure (6) is to a body 
s hape ll.S. it appears on .a CRT. Rowever • ; f i t 
wct'e rept'o.duced as a (ult- size physic11! •urface , 
correlat ions wi t h a huJS<tn fo t wi wou l d bt> possi­
b l e. To # Ccomplish th is. we c.raced 570 cToss­
scctional l ate'Cal profiles of the Shroud image 
pnto l /8 inch corrogat ed cardboard which were 



cut Md •t•c~ed •• .-hown i:'I Pi&ure (8). Of\ tl'll t 
1110del, tht thouldecs a~ !11i•1i1'1t hfl'Ctuse that iMce 
IC'Ct v •• burned away during a fi re in 1S32 (~C. 
l), Diamond t11hap•d Y.tter mArk•, a lso du4 to rh5• 
tlte tvent and ce£t'a i n cre as es •ppe• r •• 'rel i eC 
•tr·uct1.1rt• o" t he i mage surface h•c•11•• th•y 
Pottess t h ad i ng o r t hei r CNn i t he1e 1tna f1K> l I ee 
thould be regarded .-.s noi t e . We then co11p1red 
"elect ed profi l es o f tbe s t aclced card bo .trd vltti 
thote o, • volunt eer s ubject wh~ aa8u111Cd t he 
pa1it,on i nd i cat ed by the Shro ud imagfl ( vh ieh w 
en1u r1Sd wa.t correct by coveri ng h i• with 1 cloth 
iMdtt cont4i., in.g 4 tl iqgf! of t h1t i:ih roud a ftd 
po1lt lo:ilng h im. accordingly in the x-·y pl tftt. ) 
Thlt CO•p•titon indicated t.bat the VP-8 iNge 
iaodellN reli.ef variations. i., ot a hu .. n f()nt ovtr 
, ... 11-•c• le hori.toot•l di.st ances (.\x 1 Ay • 10 c•) 
but llener•llt f•iled to lll>del rel aci0111hip• of 
vertical relief between la.ge location• tep•rated 
by lArte-~cale di~t ance, . Vor ex••ple, the ltC of 
iuw.e ooiftte in the vicini t y of the M4e (i.e., •1•• •nd lips) h..-1 a re.aAon.ahl• reliaf ctructur• 
!>etwten tt\emsel vll!a a.s did the fin.Kera: of the ttand. 
H()W'ev•r, the lari;e- tcale re lie f relation1tilp 
betwett'I tl\e hand and nose •~a11 were not corr.ect. 
T\i.-t' l 4ck o r l ar,e- s c:a le relie f correlation ~lve' 
tl\e VP-8 i maite a fla t or s t if f qu4 l i tv (See f'iRure 
8- 4.1. Thit e r fect 111. t ght i fftP l y that the cor'l'eltttion 
or 8hOtl in~ vith rli st~n(:f) V\l r i es r r t>ln t.:t(t i.on to 
re•lon Qvtu· the illl4ge , hut then tt wQuld be. 
d l fftcv l t to unde rs t and h,()W, IOl'ith one eorr~ l ation 
(unctlon appl ltd glob.- lly f>Vt-r the body i1&1RI, the 
VP-8 relief is apparently cor recr within 
•~•ll-fc1le oeiahborhoods o f any and a l l i .. ~e 
11oi.ntt , 

tn 8n attecapt to understand vh7 '''e VP-8 
i••c,p f1iled to c:orrel.ace relief over larce-11calt 
dlttancet, vie .ou,ght to ~fin~ hov •nd when! the 
VP-A iMp i • di• torted fc°" a" an.at04ic•l ly cor· 
rtct tiu•n for.. Our proc~ure. v•• to no-.erlc•l ly 
dittOrt tf\e flat ce(erence •urf;u:;" upon vhid\ th• 
VP~S retter "'' ttn~r1ted in such a w•y aJ to briot 
th1t YP-S relief i nto cor rc.spondence with the body 
~urf.tce oC a volunteer s ubject. Oep .. rturt of the 
reference 11u r[ace f r()fll Fl.ttnes., would be t~el'I a 

fllfA11H1r@ of ho"" the VP-S Shr<1ud i111ap,e dep4rt• f r!M a 
bo1y llht1pot. To det e nt1.ine the ch.:i rac t rriatic1 ,,, 
t uch • dofof'mcd te f~rtnce tur f .11ee , each o f th• 570 
tracin~• vere d ig l tlz.ed o nto an HP•9830A co111putit1C' 
(llef. lA). .\t l 8 locat i ons aloru~ tile lon~'tud i n •I 
mjd11ne of t he Shrout! i in.age, Were lfla jor curvatu re 
ch atl.~08 ot the body ocGur, ~ C:1t lcu l.ttod hn r lao1\t.al 
contoi.art or t he refer ellce s u r Cace r l!qui red to brin1t 
th~ VP·-8 Shroud profi l es i1lt o cor r~•pondence with 
thtt 111oci11ted profiles of the vo l ullteer 1ubj,..ct. 
Vra1t these reference cont ours 1t'E! generated profi let 
for tht r~ainin.g 552 c:ontoo rs by li~••r in­
ttrPol.Atlon. ln t'1is Yay, ve defined • Mth..,tlc­
al 1ur(•c• Which defonwd the VP•8 i1Uge into .. .n 
•"•to.lcal 11 correct bodJ surlace,the latter o f 
vt\lch l~ th.own in Figure (S-8) . 
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Figure ·8 . A. Cardboard Model of Shroud VP- 8 . 
8 . C.iirdhna rd l-Cl)dttl of Der i vet:I 

Sh ro~~d \'P-8. 

Figure (9) 1hows th• rttf~rf!nc:~ surface 
used to c:a \ cu l ate the ' 'der{ ved" VP-8 i i~ge vll i ch 
"""tlu!liu~ic,.11• is th• dt£fer•nc.e of th@ VP- 8 re­
tlef of FlguT~ ( 8->t) and the derJved VP- 8 laag~ 
turfaee, 'fi~ur<! (8- a). Ye not• th•t tht distoT'"' 
tiOf'l.t in the reference turf•oe occur at genl!rally 
loweT •P•tial frequenci•• than i"""I* r~ature• 
•uch as the nose, lipa, ey•'· fif'lgtrt, etc. 
Therefor~, the rtfcr~ftCI! 11urf•c~ MdiCie• only 
the lov frequency fouritr coepGMntt of the VP-8 
iuge and doe.s not Lnc roduce ext r•nroua infot-..­
t lon ioto higher frequf'ncy conpontl'ttt• of the 
~hr(Jud ~magf!' "1here. for tic11"pte, factal chac­
.11ctt rist ics are de { i nt'9. 4cc()rdi ng ly 1 t be " de­
ctved" Vf' - 8 i u ge i• like the vo tunl4Utt'. subject 
ac: low f r41q1;enc: ies hut Ii \(o thtt VP-8 im.age at 
high f requenclas . 

St r ictly SJU'!·'l lc. l n(t , thQ refer\!nce s u r ­
f ace of f i gure ( 9 ) is a gcois~Lr i c rcpre11«"ntatia1' 
of hov the VP-8 im••• of f!Ruro (8 -A) diHers 
iri re lief [ r o.. a boot\y 1tho5111J. lt()w,,ve£ , an inter­
e•ti ng o bs erv4 t ion of t~•t •urface lt t~•t le re­
Ke•bles the geoeetrical ch1r•eceri1tica of a 
cloth as it 111\J;~t tlatural \7 dt•p• over a body 
shepe . figure (10) thO'llt 1 liri.e" cloth dr•ping 
over the "derived"' YP• S i .. sce and the close re­
•e~lance of chi• surface v ith the r4!ftttt\C~ tur­
f •« oC Fiiture (9) ls noteworthy, e1pt-cially 
~inc~ the. general layout of th« body i.a~e on the 
ahr<1ud .set:su to tuscse•t that t~e body "•" vrapp~ 
in the Shroud at th• tillllO of '"'Ke for•ation. 



Yi1urf!' 9. De: fonll!'d VP- 8 t er .. r ence Surface 

fi.gutt r .. i n t!!n Cloth Draping Over Derived lm•Rt 

t t shou ld be not•d tttat such a result 
doe11 not au toraatica lly o-c:cur tor images of a hutnan 
for• vhere shadtn~ t. corr•ltited vith dis t ance. At 
an e.xa:aple, consider the yp ... 3 relief of the d is­
tance r.ncoded Uuge of Pigur·e (3-8) . Since thi• 
luge vat produced re1at1ve t o e fl at reference 
•urf•ce1 the yp .. 9 relief i .. ge it cocrec.t •• it 
tt •ndt aftd L'herefore th.I' r•ference 1urface ri'quire• 
oo 110dification. For auch an l•age it vould be 
iapo••ible t o int er-pret the flat nference •UTface 
u • "draping: .. cloth over Ch~ (ace. Cloth- drape 
dlttort iona c.aTI be induced lnto th~ phospho reace1u: 
head i 111age Lf t he refe rence 1urface of the attenu-
1tlng l lquid it appropriat"ly d~for•d . 'Je pro­
duced such an i mage by p 1 t1c i ng the phoapborescent 
he1d face dovn in ti clear pl11tic: container \ilt\oJe 
bottoi. waa deformed into ch• 1h11pe. of a cloth d't'ap­
lng over • face •• determintd by experiment.Thi• 
conta ln9r was filled with f li g~t •b•orbing liquid , 
ln the same unner that 'i•ure ()-&) was pcoduced, 
a.nd the head photographed. TM r e•\llting YP-3 
rel ltf is shovo. ln Picur e ( 11). CO.par l s.on of cbls 

F i~ure 11. Phoaphor•tcent face ~elative co 
Curved Surface. 

rel tef " i.th che one or F1gurt (S-B) •hows obvi.ou• 
convex upward di1tt orti~. If ve vere t o defor• 
th• VP-8 r oferenc• •ur(ac., of t'hit t.age into an 
appropriate coqeave •h•pe so at co ~ake lhe de­
forwcl face • ppear •• the VP-I facial .surface of 
rtsure (~-a>. the referenc. 1urface vould astuae 
the 3hapc of t~e p\ aatic container. 

These rc•ult• de.,natrate that iaa3ie 
ehflding cm the Sllroud cortelates W"ith diftanc• 
IMtt~een t~o surfacea, one of which can be iot ecp­
reltd ,.,. "' body $hap" and the other .u .11 c lo th 
drap i ng ove r t hat body 1urfece. t.iog lca l l y, th is 
doe• not pro ve that JI c l oth va.9 drap"d over a 
body shape when the Shroud l•8ge wa$ foTitled be .. 
cause otbec hypo t he•c• not involving 4 cloth 
covered ~y sh~pc ~i aht conceive,bly .account for 
tuch a.11 etfect. \le cons i der, in the hypothc•e• 
••ct ioo of th it fM!p•r, ••v•l"•l ~pothe•e• ~icb 
fall I ntQ t1,1ch a cat11:aory. 'lbe l nter-pretac i on 
that the Shroud covered a body shape is aevertb.e­
\et• self-coos iate11t ln th•t the "c loth" tut face, 
calculated !JO aia to bring the VP-8 rel lef into .an 
anato111{calty correct body ah1pc-1 has the cortect 
a•o.-et ry for a c loth draping over the body shape, 
vh lc:h need nQt neces1 1cl ly be so. Lt i 1 a lso 
notevorthy that t h i s te l f .. con• i s t e:ncy haa been 
111ch icve.d ... ia a .sin&l e mapping funct i on. t(d ) . 
wh [ch appl it• globa lly ov11 r the ent i te frontal 
i•1.ge , thereby pco11 idi nc • certain e1ei.1nce and 
1im.plicity to the lnltrprt.tation. '.le f1,1rther 
note that the .abi l it1 to inde:pen.det\t ly interpret 
certa lo Literal cvo di•ntlon1t distortions in 
the bo47 ieage a.s due to cloth drape (Ref. 19) 
1iwe1 the above loter·pretat ion an additiona l cea­
l i.111. 

Thus, we uy t•fier la the Shroud image 
.411 hav(ng a "tht'ee d if!'l4n1ional characr;eritt1c:' 1 

whlch. means , simply, that lm1ge •hading can be 
1el f -c:onsistently lntet'pr~ted •• bei ng co,rel•ted 
with the dlstance between a body and 3n envelop­
ing c l o t h. If the Shroud did, tn fact cover • 
body 1ba;pe at the tinie ot IM ge forution, t hen 
t he i nt erpr-et•tion is phytically valid: i f, how­
ever, the shading structure wa• the r-etult oC 
to• other aecbani•• which 4i.d not require th.at 
the cloth covered a body , £oc u.-ple by an 



artis t or b••- relief 1 then vt •hould r•a~rd tht 
••three tt imensional interprttlt ton•• a9 a convenient 
device for deacrlbing cht thad ing diacrihution an 
the Sh rouit. wt'aicllevtr ••Y be the case, & c-.>rreec 
}lypothe111is of i w ge !oir••t lon ...,,t be abtt to pr t>­
ddce an iu.ge •truccure capable of a "ctu.·~ ditnen­
sion .. l intitrpret•c-ion''. (or in doi!'t.r. ao the thadi:'l& 
diatribut ion of tbe •hrood i.a&e would bt: dupli­
cated. lt La in ,,. i • ••n•e that we cons id:ec a 
v11r i. •t)' of i..age forlllat ion Mchan.ism~ in the hr 
pochesls sect i on of th i11 ptpec. 

We .shoulit point ooc tti.ac it It lm.pro per 
to "'iacu•• the v.slidic7 of the "three di.un•ional 
intciu•prtta tlon .. victiout f i rat considerlnA •pecific 
iiugc roreatioo •c:hani•• wtiida aig5't product th.e 
S-hrflud hu1e's shading •tructure. for eic&•ple. if 
ve vere to tAcitly a,.tu• thet the thre. di11en­
sit1nal intll! roretation i11 physica l ly valtd, then we 
vou\d •11tC>1naticall)' exc lud~ i 1ns:ge forftlation mcch­
a:nis tfl• ""ich might be capable of repr<tduci ng the 
Shroud i••gt't th•di na but not requir~ the c loth to 
cover a body shape. Thu.t 1 the thre4!-ditMnaionat 
i nterpretation of the Shrou.i iir1.agt thoutd not ntt• 
ei.s•rily be ngarded •• • deecu,stTation thet the 
Shrout! coveced a body tl'lape • t the time or iinage 
!or••tton, althou~h thlt la consistent with the 
dat4, but AS an i mage quality (or obtirvstion) 
vh-lch 41 $1 ven iniage format ion bypothea it _,, t be 
able to produe• . This if ~ot to s3y, however, that 
the thrtc dimtnsioaal interpretation'• value i• 
Jiaply u an obs:•rv•tiol\al cbaracterietie to be 
e.xpla ined by ~ given hypothetit; it •l•o auggestt 
th.at , in •o• sense, aurface geometry of a bodt 
shape i.e 1Jn implic it factor in ii:aage genera.tion, an 
i ns t ghc potcoti4 l l)' 111efu l in formu l atlng i mage 
forut ton hypotheses. 

We 1'1ould alto note that, •• • po int o·f 
logic, If • hypothetical 19echaoisa vere tbown to 
p roduce .tn i .. gc ea pablt of a three-di•n•ion<tl 
interprttation1 tbia doet not nece•e&rlly iaply 
th.at i t it thece fore the -.echani9• which f'oreed the 
Shroud ;m,11ie.: thert ~be other mechaAitms vb leh 
cClu ltl alto do the sa~ th i ng. The aclentific ideal 
is to te•t •ll such al!chani111t again9t orher i nde­
pendent d1ta (ehemittry, nicro•c:OpJ 1 ~ittotical, 
etc . l: and if these ob•er,vatioM arl! su(fi c itatly 
discrialn1tlng. the correct hypothesis thould ttand 
alone. There i~. howev•r, no guarantee that •t1f­
f ieient 1clentifi.c infore•tion ls ~1socl a.ced with 
the Shro\.Wt 1. .. "ge to aeh i eve au ch I) det tred result. 
A sene r1 l 8pproach (>f hyPot hese.s te3 ti na h a .!I been 
taktn by Schwalbe and Rogers ( Ref. 3) 1 whtte in 
t hit paper ve e l(aminf.l huge for.ation bypQthettt 
.against .ulnl1 the three-cU19en1ional eharacterittic 
of the S~coud Ma.age . 
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II t. UCAC~ POR.'CATIOK l!YPOTff!SP.S 

A. Oi scu11ion . ln th i s section, we dls­
cuti. vel"i ous t•agt forn4t[on •ntchani.•iu wh ich 
11AVG be.Cl\ propoted ln tenl.B Of ~v lite 1 1 tllese 
MeC:h•'lii•n1$ pC'oduct •haJing •tructuret c apable of 
• tllree-dian• ion11 interpret at ion. vlctt che 
Shroud iaa.ge •• th~ b••i• of c~ar i•o~. Ve •l•o 
di11cu11s the.se • cttants1U vitti ccapect to other 
im~ge ch~r~ctert•tlca where eppropri •t~. Because 
i;tut Shroud itna~it Mmi t t1 a t ... r•~-t.limeM lona l i.n­
ttrpret at lon , ~ on ly cons ider h)'po the•e3 "hi.ch 
•tart 14itb a body ehape ~nd r:ra1\tfot• che sh~pe, 
by 1ow ptocett. into shading . ?bough thii> aay 
oc MY not involve di r~ctly a cloth covcr•d body, 
it it difficDlt to conceivto of •n i.,g•-producing 
•ct.ants~ vtiich doca not, io ~ v11y, incorp­
or•te bod'y ahape d~ta •o .u: to ;'lt'Oduce an i maae 
etructure that \le tee Qn che Shrnud. We might , 
tor t••mpl~ , hypnthe11 i~e that t htt ~hroud d i•­
co lortt ions 'fere produced by some ttndom tt#ining 
ptocets to1ith no body sh.tpe involvtd whet.soever . 
But U.isi uould be •~tretael)' ".td hoc", tlven tht! 
general COSpleicity and EUbtl•ty of the ias.ge. 
?1\ue, we are in es1e~ce •tudyiag hov wt:ll various 
i'll .. ~e fl)t111Atiot1 lfl«Chen.isiu tran1port (dista1'ce ) 
i.nror•ation from • body shape: to thf! Shroud. l t 
lf t he refore po11ibl• to cQtl&i.-ter the1te .echan­
it~t in terms of Shannon's conmun ic1tion n(>de l of 
lntor111ation transftr (Ref. 20) lf we regard .a 
body •hap!!! .as • "g.tOftetric nJeaea.ge" to be eOC1G1Un.­
ic•ttd to tbt Surf.ee of the Shroud a1 th.tding by 
tht: hypothetical procesa. '!'hi.a proc••• &1y be, 
for •xanpt~. o:>ltc1.1ler diffu.sion front a body to 
the c loth or SO!tie ~ye/brain/bend coordination 
t•chn\que o f an Mrtilft who in fl•t-'nce converts 
prev{outly exp~rienced body -urface dat4 tnt o 
1h1ding . St\annon'.- general as1umptlon. is th•t 
at l COmlllUoiea.t ion Con•ists of three ttages: en­
cod~nt, channel transfer, and decodel'll?'nt; 
f\eoce. any iaage fot'Uc io" -ed'lanlta which co11-
ve rt• body shape infor1Ut ion into •hadift& would 
hive to~ in IOIM taehion, perfoC"111 theae t hre?e 
funct lons . Acco rdi ngly ve are not concerned j u11t 
v lth wh at•VtJ-r int•ract ion took pl act at the sur­
f•et o f the Shroud to produce shadtng, for: chis 
ia in es1ence Shannon'• thiT"d phatt, but with 
co-.plete i.nfor.,t IOft transpor t frOlll • body shape 
to the Sbroud1 \lhi eh eay oc UJ not in.,olvt di ­
rectly a cloth- co"tr:•d body ( at th• decodto•nt 
•t•~e). 

Our "PPrOtc:h vas ti) ~xperi•nt a l ly 
111odel gener al c11tegorles of i mage (0"111.tion ptoc­
e11te vhich mlgtit have been reapon11 i.ble for pro­
ducing the Shroud i.,ge. P.ach experi.atntat Uuge 
v111 evaluated by the VP- 8 proce•• Cor its rela­
tiY(! ability to encode di1t.tttce infor•et ion into 
shading. with tht Shroud iaa,ge •• the basis for 
C'O•p• rison . For at•ndardicatlon purpoeet, all 
eicper lmental tmagea were produced rroio the sane 



f•el•t 11h•Pi Al •li.own \Q Figure ()-A). Wt 11110 
e1tift4ted p fo r each iuge by t he $ia1l 1 S•1tp\e 
Cort41•t io" Tecl\Rique i nvolvil'lg tlle saM 1., d•t4 
point• we 31mpled on the Shroud '' dis c1.11'1t d 1bove 
\A 6ccclo1' tt. f'o r .al l cases, the eorrtlaclon' 
were auftic i.ently low that the 9S% confid'1nee 
ln t erv.,11 over lapp~d tl\ereby r !!ndel'i nf di1c r i.11in1-
t Ion bitlled ~'M'I re l at i. ve va luei1 of o etsent t t tty 
111t1n i ra~\ete. qo1i1evec ) if rough11

1 
'2000 dot• poi ntit 

cou ltl 1)4 corr-elatlt>d for each i mage , tlttic ri111in1tinn1 
shoul•t be Pottihle . Unti.l this c•n be 'clti.~ved, 
tl\t V'P-8 •l'l• l y•-:• pr'ese n. t ed be l ow for e:ach f.~·peri­
'9ent 11 l i .. &e ahould be tegerded IS prtll•loa r1 
•\ thougJ\ ln 1o.e C<1.&e• rel ief• Ace: tufflctently 
dittorted that ~fi'oite coneha.sion.s are: po.tt lble . 

tac~ VP-8 relief is present~d • t • n •ngle 
tHtch t._• t the relief v•riwtioas cao. ~ ••~ rel­
At iv• tlf) the p\al\Ar di.stributi~ Of iaagt (ea• 
ture,, When 4tudying e1!ch rel ic( i .. ge. cart 
•h oul<t lM t•lttl\ not c:o c:onfu•• tltl! qu•li ty o r the 
cellef v it:h how velt icuge f ea ture.a •re di.•trll>i.1ted 
t v o-dtMntionAl ly ovo r the Teferenc~ aurftce . 1n 
•01M c,,•ea ch it dittr ibution can be quite accur•te 
l,cc1H1 • e the proce:e3 C6rt8 i de ced ""'>' be c«ipat. lt of 
renderi ng Ace11rate p l anar pl i cer.ieot o( ill\.!lge f,..a­
tur4t~ . The q,141 icy uni'lec cons i~erttlo11 it rat'1or 
how 114 11 tha i-elief, l)Ot the p lan 11r layout. rnodel1 
• hul'ltn f•<:e. 

&. Att iJt . The (i.rsc llypothet lt e,11tt1J<lfy we 
con•Ldtr i'I ct-tat th• Shroud huge "'"' the wotk o f 
an 1rt i. 1t . Sy artist 1o1e 9'1?31'1 one ~o pl1c~• an 
it11.ag-A on c l o th by to~ eye/brai n / htnd coor-tln• tion 
tectinl1ue, like painting~ Thls la proba1»\y the 
old••t ditx'U*:nted bypothes i• of i-.age (oraet ion . 
At far baclt •..s the foc,1rt eeoth ce:C'tucy. • hi t hop 
.. de thia c lti• bot l.ltlfortun;ttelt did not pro'lide 
ut vit~ •ither the ~ of the ar-t i tt or the tt.ch­
nlqut u1.-t (ltef. I) . At the t um o ( the ce ntury 
'r"lurstoA <•er. 11) , •nd _.,~ r•~•Rt \ y 'C.cCroa~ 
(~tft. 22-24) supportt'd t hit bypotheait, th~ l atttr 
.ttudying 1tic ro1copic ea1:1plott froca the Shr~ud. ~o­
ev t r, Hel ler and Adler ( Ref. 4 ) who ~xtmlned S~roud 
1ampt ee v lth a co~pr-~hensive eertet of ~lcto­
che"tca l •n11lyteot dis·agre~d v itl'i th~•e col\clu-
11lona1•1 have vac iou:J schol ar.! a11d •cienti•tt 
( R• tt. l , 25\, 

With r t!g•rd ti) the hypotheJii• t h in '-In 
artist e reaced the Shr4ud i;a.a~e. thcte nre t vo 
fundamental quest iol\S wh.ic-h shou ld b4t 111'katl . l. 
couttl fin artist shadt' an i.mage on cloth $0 •& to 
•ncode di,tance i.l.'lforn1ation of • ~)' •htpt rela­
t i.v• to a draoing cloth lli th the prt<i.t lOft that 
ex l ttt on the SlttO\ld? 'l. 1,lou\d an lft i:tt elt1't r 
cnncei•• of O T be coa~lled to atttapt lf.IJCh • cor­
f'•l•t lon? 
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To addre•• tl>e fit•t que1tion, we con• 
duc tte-d " teriet o f ~x.periment1 w;th professional 
"rtists in an atteq,pt to evaluate hov well they 
could .thade an image wi th <ttsta nc4 , We b•sed our 
expt r i.toent$ on Shannon'• co1111nunlc ttlon m>del of 
lnf~rmat iQn t ran$f~r t•\ ing care that •t eaeh 
phase of i.nfo nna.t l tJn t ran• re r the arl lst wou lit 
not be •t ia disadvantage l)r" advafttage from vl'lat • 
1111! ditv.i l arti tt m.iah t be ab le co • chieve in an 
eye/br4in/h.and coord in11t loR 4cn10, but v i th th ree 
notll!Ab\t '!XC~ptions. We di.rt no t requiti! the 
art ls ts to incorpocat~ ~ loth-dra1>4t ett•<:CS into 
their wrk, ...or did VI! ••le c_h e111 to cre-te iaaKes 
on f lexible. ab.aorb1nt li nen clot~. tie .aleo ii.d 
not nqoir• th• o1rt isttt t o co.po•• i .. ge• of the 
full body, ra thtr ~ly or th• race. 

For °"c experltM:nt, ve aecuced tht 
••• i•t•nce of t\IO c•rtified cr i•inal artists 
(Ref. 26 , 27 ) for •ucb att i1tt, i" the court~ of 
their profesai01'1al vork, COflpole reali1t ic 1 1110n•• 
tonP- it111ger-y , qualities found i n the Sltroud 
haage. to one set of exp41ti111ent~ , ve a•\ed t'1e 
•rt ist:-1i to "freehand'• ah•de an i111-aae of a given 
t'efe:rence (ace , the s 1ut1e t1sed in Fl gui:-t ( l~A), in 
proport ion to reli.ef. l n 8 t econd ter , we pr o• 
v ided tho art ists witl1 rellet dec11 itc l) •peclfie 
"al\chor'' points on tt\a (aQe ( i . c . , I t pt , noso, 
chcelts . ete .). The art i 1 t • t l,en con I' eructed an 
.,ncode r- by wh ich they cou ld convtrc tli 1tartce ita­
for••tion into shad ing. Thill e itcr.ider wa~ a cl)n ­
tinu i um of shades 1o1hLch corre1poodeJ to 'latious 
T'elief distances. One4t tha11t •l'lchor p0int·c wer.! 
e stablished to the ab>lllty of th~ ertiats, th~ 
.artiata rou.sthtd i :'ll the tt•t of th• image by in­
terpo\ at i.011.. uitin,g tbe te(erence ( ace •S a 
gui~e . Since this second ••t of exp~tiaents 
ioeorporated oeuurcJ relief y 4\ue1 o{ the f ac:c , 
wt! rafer t o it a.! tt.e "rigoto..a" txperiwnt. tn 
bath t he ft'eehand and rtgo rou• '!• peri.ent•1 we: 
const f• ined the denaily tart&e of t~e i•agea to bie 
no AOte than 0 . 101 et• .. nti .11 l y (or that prf!ICf!Rtly 
o bserved on the Shroud (0.09). The density of 
tha draY"ing paper, however, we• 1eleeted to be 
approxi~te ly that of nev li nen, 0.?4 . Th~ pro­
cedure used by the erti•t• va., t he • •• pe'l'lei l 
lihadi ng techniq ue as u sed tn the I r profesisiona l 
vor~. We S$SU~d that t hit method o f app l icat ion 
ptnv ided the greate•t control or l httd i na to the 
11rt i.,t; othi:r-wtac 11;ti 111 i n;al ar:t i t t J voold probably 
b@ ut i ng soiw other- techn lqve to me•t demand foC' 
cea l isi. in their profe.111 iol'\. .\ \ thouctt not e leaC' 
how this coul-t be accooplith•d tn the case of tht 
Shroud tiaage. subt tact ion ot ovec1had ln.g was 
aceoeplished by siaple erature end all images 
d ravn vere full - size. la no c••t vere the 
a rtists pco.,-ided vith denai.tOM:tric ct.t.a o! theit 
i111Uge~. soch as •i• the VP-8, tor wit c• a cOftceive 
of no v·•y tlu1t a c:irdicval lft lit tilOUll'f be able to 
evAluace the quality of hi e o r h•r v ()r'i. with •o.e 
~qdivalent technique. 



ln e:t!l.,nee, t hen, thes e art ists perfo rmc,11 
Sha.n"on 13 tht'ee 4t4ge4 oE i.nfol"f!lat ion transfe r : 
encode men t is co llect ion or body i ha.pe d3t~ (eitht.r 
vitu•ll y Dr b f ia.eas~te~nt) , channel tran~er is by 
the intf!rn• l "'°t :C.ings of the ot1rtitt's eye / brain/ 
lt•Ad •r~tce • .and diee:ode.tf\t I• the proccNof plac­
ing the ch.ape i~foraation l~to a shading disrrlbu­
tlo... Th.u.f, in .a real ~cn1c, these arrists caft N 
vi~d .11 .sn. info~tian tr•n.ffer proce§s. 

t o Midi t ian tf> the lmt11te~ pcoduced by the 
11rtiJ11 t !l as descrlbed •bove , ve also asked thl·111 to 
p rape r e i.mti.$":l Wete •Ol!Lt' Qf t he: llboveo i:onst rainr s 
ll>! r e re1ar>ve l'I f:O :i:t to de t t:t •oinf! their relll ci ve 
i1t1p1>rtanc'! . We prov ided the art l s ta vit~ h igli eo"'"' 
ttl ! t 'tl~clt. anrl wh i te i*tl:ltoit.rephs o f Chi! re ference 
face t alte ll throuith an attellust ing 111Cdi·J'll, • uch 
photiltJraphs bain& encoded v ith .ta • taJlce infonnation 
•" iiscussed above. Thu1 1 'le pbotograpllic• lly per­
(ot"mled tba encode«W!nt proceet rather t haa allow th• 
•rtitt~ to do it . 'lbe photo1raphs also served a~ • 
decodl!r afl!f • e:cord\Rgly •l l thci •rti~t"" hd t o do 
111 .t.11 to copy the "ditcl"ldf!r photo•r•t>1''" . We al*O 
rf!laxed th.e cot'\~tr.tinc: of O. LO shading var iat ion 
(«.'I I' the art istt t f'J t h• •1't tr• delltity cang.'!. Al­
thoug1l th i:t experiioont gove ()1't!rwhe1ming advantage 
tr1 tha llrtiat.s ovo r .t hyp..>chet ie: 411 ~hr'oud artist , 
we thought i t would bt O( in t e rest to de( lfll'l the 
prec ia ion of the deeodo.e1u . pto¢048 by th i a pro­
c~dure . 

'P' igur~• (12) to (17) 1hov VP ... 8 t'4! lleft of 
•ll l! lli j.ltriniental t .. fte•. C-enerally, a ll iaAgef 
e xhibit so:ae c~r'telation vit't facial relief; thia 
4hOV5 that -411 artist i• capebl' of producing i.a:et 
with ttha1i~ thi1t Cftl'lt•in• •o• dt!grE'e of di.stallc• 
l1fo rution . We 3l'o note, that 4ll VP- 8 ill.!l&I!!• 
4re <1ultt! fiiffere'lt f l"o111 each otller, '1l t houW. thty 
wtic~ al 1 teneratl'!d f' r M the tlllle fac i a l st\apc. 
T~ls i mplies t h"t. an art,•C , W"h \ln vicved tt!I an in­
focm<&C i Qn t cAnAfer pl'.'t>C.iit11 ( £or d is t.sn<:e) is to 
101111? e.1ttent -"1 t ncha11ctc 1 1\ nitlur~. 1'.'his i' in eon­
tr.eec to ')thci:" meehani1m1 ditcuued be l o..., ~le" ar .. 
c ttpab le of t.?peatat>1 l l t y. 11 lg11 res ( t ?) to ( 1 S) 
'"o"' the ri~<>ro<13 .t.nd f recl\and 11ttempt• of Arti1t• 
A And ~ - These iraa~e•, 11'\tn COlllO•ted to the Shrou~ 
YP.-.8 rf!liefe do nol !'eee ,.rticu\~rly eoavineiru; 
anrt in general haw~ • ru.ak ... 1 i\e: quality •bout 
tht'QI. ~ach huge po1.se1ae1 rt!lief df':forcaicie1 1 

p1trt i:c.,. l_:arly i" the lip "'"tion, . The VP-8 'teliefs 
of tt\4' ctscor ou.!J C01"1po1ition1 rto not ~how a aignifi ... 
e:ant i111provement o ver th~ freettaAd vers ion 1> wtdeh 
pro bably ind icates ttsat the "~rtis t mechan l s"" ha'I 
a ll19i.t ll'f to t"e pr~c i 1il'>il by vhlcli dist~ru:t In ... 
fo rmation ca n be t riln*fe rred . Ln F ig.ure$ (16 ) and 
( I 7) the V'P-8 re 1 ief <i , 1u·o:s not ice ably i mproved 1trvl 
t n 0•1r J>pini(ln .1pproach cl\e quallty of the Shl"oud 
l~age . Thl!'Se iia11,ge•, h ov t vtr , are the cet1.1lc of 
the .1;rtitt 's copy i ng " d'st• nee encnded pllot ot:l"•ph 
v lth Lhe c.ollt r••t retcrictiona ceaoved . 
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Figur~ J4. 

Figure t'S . 

.\rl ~fC I ... 1tignr;>ua . 

4rt itt 4 - r'teehand . 

Atci•t b ... Pccicllan<t. 



Figure 16. ArtLtt A • Copy of Photo. 

figul'"e 17. 4rt i•t 8 •copy of Photo. 

The physio1ocic•1 rea•oa for t.he vari· 
.ance in ~rrt ist copiU 1nd • genera\ lack o( ~ood 
corre\.ait.ion i.1 u:nc\e~r. but iiaage cont r•• t UI • 

prot.ab1e f .ac t oT. In T'urin, the auctiors (Junper 6 
J•ckson) •$ we l 1 • •other •ci~nt lst& (R~C. l), <M?re 
un•bl e to visuall y ditc@rn iit.•&e pa tte r?$ o.n th~ 
Shroud ( under i llumlnflt ion o( pho:ogr apbic l1gh t11) 
~t di •t11ncee c lo11er t h• n • hout $' • f P.et • . Ja~n~y 
( Ref. ')) explains th lt pt\enomenon as do~ t? i.nkl~ l · 
cion effect~ in the h~.,n ey• when observLng faint 
ifllAgea. We further 1u1ce1t that ccic ical bend 
.as~ing (Ref. 28) of the l ... ge by t~e ~~ave of the 
clot,_ could also b., " f aclot'. 1f an art1tt were to 
create en iuge of tuch a \IW contt'a.$l oo cloth 
v ith the req..aire.ent th• t :1hading be ~rr~lated 
vi th aa~tomica.1 rel lef of a hu.at\ for.. 1t 1• \In­
cl ear bov tbit could .-.a.on11bly be achieved. ~e 
artist coul d possibly obterve the pc-ogress o~ ht• 
wor\t from a.f•r , but ~uldn 't be ~ble to rel~ahly 
shade the iuge by hind tt.eeauae the. Shroud . 11ug• 
cannot be discerned up clo1e . rt is conce iv1bl• 
th•t the t'elativc eont rttt of. the i~'J,e vas .at _ one 
t tmr bett er th•n Wh•t lt i• at prc.sc.nt , th• .-~b)' 
allowinA a n. a'Ct ist gre•ter vl8\llll lat.ltude b~ ~h~eh 
to encode distant« intotuti.on. This p0sstb1l1ty 
•hould be giv«d furth4t •tudy aftd is generally 
beyond the scope of this paper. lt vou ld •eeta. 

hovcve r , tlta:t the ~lob• l n•tore of ttie tJ\r ee dim­
~n! ion• l co rttlat lon of the Shrou-t i.age and pee• 
ei1ion im:pli ed by the VP-8 ttudies 1'10ulif be dif­
ficult to rec~ncile vitb Po••ible tpatial non­
unilo..-.it ies- resulting froia a sha<tiag structorie: 
that v.ari~ ~ign\ficant\y v ich ti ... 

i:e shoved above that the Shroud i111<1gt 
contains cloth/drape•lik~ ~ff~cta in the lo~ fre• 
quency co•poo.enta o{ the l111.111ge wtiile !Jin.al l scale 
b1)dy s ut'fac.e eh11ract @rl1tlct (i.e., lips. fin­
&e r' t , e t c .), t'es td~ In t ile h igh frequ~ncy pacl. 
Lt ta unc lea r ~ow an 11rt Lit c:o11 llf achieve !htch an 
ttfect because he would havt t o , in e99ence, 
ob•*rv• body and ~ loth • urf•c4• •inw l tan~outly in 
order- to tcans!om thelr t~llef characttrittice 
lntl) a llin.g\;! ahadlng dittr'ibution. l!owever, 
lateral dittributiont tn t~e 1 .... ~ due to cloth­
tlr•pe { ltcf. l9) , would be 04•ier to c-ncqdc: bc­
cauae the cloth could be fir•t draped ov~r a body 
•h•pe $C) 4$ t.o •1 tow blood 1tai:nift8 to r--e!;li•tef' 
body iaagt ll)<:.ttion,. ltov ever, thti il t"ti!Jl vn-u\d 
have to be full)' evare tt-i•t tu<:h distortions must 
occur hecau1;.i;• t hti iugt it al so late r a11y di&­
tortl!(i wh~re blood m.11rl(a .tre ftO t present, for 
01u1111p le at t he fingol'!I (1tof, t9 ). 

1. Con.sidr.r now the second quc1' tiun: 
Wou l d an <1rtitt t nc:ndtt di1t•nc'! i nfor-m;i tiOI'\ into 
lhe i•age! tn addre11ln3 thla question, we ~uat 
avoid pr-ojectlag ..,d•tn cortceptions of bow an 
a.rt lst .should create • "ShroUl'l iaag>?.. upon • 
hypathctic.at Git'"t i1t in th• eiddle :ages (or be­
fore) . Fo: exaapl« 1 "cCrone (ltef . Z4). .trguet 
that s.h.adi:<1.~ .an luge vith di.atartce is. the Mt..a· 
ral vay [or at\ art itt to p11c~ ,, l>ody imagt- Oft 
clot'h , since loc;at iont 'W'hcrc fhe body co111C1 
c loser to t he c loth would be locat ions where the 
a had £ nit sho1.1 ld be 111'.>t• Lntente. We don ' t ques• 
tion whe t her a taedieva l a r ti•t is capable of 
chinl( i ng in 8~1t:h terw,~ , bot ve do q1.1el!l t ion 
1i1hether this •ight be an un.,,arranted e)(.t rapola· 
L lon f rom t 'ieot ieth century mde of thought to a 
miedicvat v4y of 1hinic.in3 . In essence , such 4 
coflcept ion invol'l'fa thin\ing of hov tht cloth 
vould respond to ao1911!: •'•Lract etaAn•tioB fro. the 
body and ho" tuch • teapon11e p.atten\ Of\ the cloth 
1houtd a~~rr. lt l• H,ond the scope of thi.1 
paper to otddc-ts• the val idily of thi• ty~ or 
thi nk i ng (rOm a h ittorlcal per1pecti.vc but Wt': do 
poi nt out th~t . to our 1tnovl11dgo 1 there l$ no e•­
"ft!Ple ln med ieval ar-t hlttory \4'here tt1e ima~ or 
Jetu& as paint ed on c loth ( l ike i n Veronica' s 
Vei l o r Eastern Lconogcaphy) is encoded wlth d is· 
t flnce intottt.t t i on. llathtlr-, t uc:h im.age-s appear a1 
though t'he cloth waa acttna at a mirror to aee 
the i••g~ of Chriet ('cf. I). ~e • ugge3t , thete­
(ore, tt\at 1 mediev• l •rt iat would h ave thou1ht 
in terw.s o! hov the cloth aight appe.•r • • il ic 
vere reflecting the iu&• of a bodJ rather then. 
ab•orbing it in inv•r•e pr090rtton vith di•­
cance. Thu.s, an artiet vould pt'obably create an. 



al.l'Jedo t'a t hdr th3n ll di s tance encnded tm<1gte- , .siac~ 
t ltJJ t RC}etett to be the type o f iaagt C(lnsiste·nt vith 
histo rical iexample.s of Cllris t ' s facr.: on cloth . tt 
is aotewQct tiy that 111ueh example.!!, a.ssooiated with 
the legerid of Veronica pl ac i ng a towel on the Laci! 
of Christ aod C'ece-iU'itl)'t :1.n i mprint , affocdt.."tl 111Any 
art ls ts v i ch opport un it [es to ct~.ite 11 dis t ance en­
coded i mage, but there ~ee--m:! to b\? n~ instonce 
wtiere this w11!l done, pr P.stJmabl y bec.111.se such an 
iinage &t t'ucturc $ imply <'lid not occur to t he .4tt­
ift. t n th i s regsrd , wr. 11a111t not a. r: g:oe that t~f' 
Tu r in Sltrou:J is one exattp lt? or this a ttempt by an 
a rtist, foe this beRS tlle question sine~ the 1ibroud 
c.'lnnot be both o b jeet o( ~to.Jy and an Lndep-endenc 
d;:1 t:~ .1'0uTCe at the 9Al'llJ timt:. 

For these rt:1111ont1 , w are akeptic;it of 
the atti.st byp()theSi$ al'!; an adequate exf)l.'.tn.1tioo 
tot the Shroud image's 8had i l)g .4t ruct urP., but 1o>e 

'1t'e O f'l4'n tO itnd l'eC.Ol!lmel'ld add it l<'l rH I \ g t.nd ies. 

C. Dir~ct Cont act. The next eAtegory we eK• 
am-ined consisted of thos e imag~$ ..t!l i.ch ean be £-0 rtt1-
ed by di rect col\tact wl th a human body o-r "t&t ue. 
Direc t eont11c-t ioodels are usu81 ly ptoposed ro eJt­
plaLn th~ tvo rlimc:.n$ ional l ayout of the Shroud 
i111age as re.ve~led through photographic t:eve'fsal Ot' 
t h-e it11a&e's high re1Solu tiQrt. Cenera tl y , the i111.1'g,e.11 
pt'Qduccd in this l!IJlnner can btJ oxpf.H~ted t o have 4 
hi..nacy shading dist r ibut ion; s lH1din3 of so~ con­
s t ant ' 'alv(I' is recorded where <i lnth contact occurs 
leavi ng the cl.ath at th~ h.t¢lcgroond va lue where it 
docs not. Such binary char'l«;.ter it t ics pose~ fund­
-t'rsent~ l problem with this type of process in encod­
tn~ rl istancP. i n for..ation, for such bi.ru1cy behavioc: 
does not pro.,ide nect> . .,sary l a t itude t(I Ct'ICode re­
tie[ varl~t iQn$. ~e inve&ti~4ted tbis mech~n is~ by 
un ifnrmily coverif'lg the tll~oe reference face dis­
cussed .1bo ve v i ch printer•s ink and o1ac.:in~ a cloth 
over it t-o receive the i'!lag.0. llfeledia.tely obvious 
""a-s the l11ck of corira<:t <>f the cloth over tr111ny lo­
catio ns ((QT ext1mpl e, side of nose).. Since tile 
$hroud il'flage !lhows color i n thes.e locations , ve 
gent.ly confoC"med the c l o th to 111..a\.c cont .itct. 

Figure { 18) shows thi:- cesiJl t ing VP-8 
retie(. The VP- 8 r elief is h i ghly distorted, 
having ti pl sceau-like structure due t(J the essent­
ially biaary n:iture o f t he d i re¢t cont act pt'(ICess. 
't'he#e d istortions at'e suff ic iently l arge that ve 
reject t hte s if:'lp le direc;t. cont act csoeh~nistTi , des­
c r ib-ed abo ve. as a r:e~!Jonable O)tp\.enat ion for the 
Shr:'oud image. Perhaps mo re comp ie x di re ct ¢Ontact 
me.chan i slll$ 1 for example suggesi ted by Ccn'l'l<lt'I (Re£. 
J) , may shw soO? ioprove.ments (t11though to date 
attc inp te hdlV(! not been couvj,nci n.s} . 

O. Act ion- At-A-D i$ t3;nce-Mechan i8ms 

L. O~(fusion. l?t"obohl y the earliest 

ooQ 

Dir~ct C()ntact 

pr oposed act io11-at- a -di st anc'! mechaoi .~.ia '-'89 
'/i.gnon ' s ''Vap..,rograph" vhere amm()'1:i$ niolecule!' 
from a persp iration covered body '1i ffu~a to the 
envel oping Shroud where they at~ absorbed and 
$ta in the c loch, the t>eby proJuc ing an i1a.•ge 
{Re£. 7). 1 n te r'inS of Sh.1nnl)o ' IS (Orm-' 1 ism, ev,-,p­
(lrat ion fro•ll the body surfacP. is the encodement 
prc1e~~~ • d i. f £u.t: io11 or t'ttnd01ft va lk of the ftlO 14!.­
cu l es is the channel t ransfer, all<! absot'ptlon 
clH1r;ic tr.i ci~t-s the d¢cOdl)mf'nt pr1>ct11-:. tnfotula .. 
c ion<' l itoi se vi t h res p~et to the shape i nf9rma­
t ion which is tranferrcd by t h ie p rocess ()C!;UI'$ 

in the ch.annel phase A.!I di. ffu.!live lipreading. 

To experime11t.B l ly rode 1 the diffusion 
ptQCciss v ia Q:> lec.u l ar traa&pfJrt 1 we qutc~Ly dc­
t:On$tt11te!d th:at 1Mlecul11t diffu$i on i.s signif(­
cantly pe r t urbed by s mall convect ion currents and 
<oaslted by :.hnding e.nhnnc~nt e ffects ~t c le>th 
contact po i nts tht'ough capillar y ac tion. To de­
coupl~ tlie$e unw~ntoed C!ffec:t=s (t'(lm wr i nve,tig8-
t:l<Jn o r the diff,us i()!'l H'l~ChtUli$11J by i t~e l {, we 
consc-ruct ed a paraffin nudel of the s pace bet weeri 
thtt refe ren¢" f:aci."' 1 shape and a d r itpi ng e l6th 
o ver cha t Eace as charac teri zeii f rom cloth drape 
d~ta ( Ref. 29) , Since tempecatore obeys the d i f ­
fus ion e.quation, 1o-e a tte1t1pted t o oodel anlecu lar 
di f Eus Lon by tc:mper!'lt'ute diffusion through the 
f't3l'll f fin m.:> lit whe i;eby convect ion and c:ont ac t 
pai.nt enh.inctmcnt effec ts ve re ef fectlvelr @l tm.i­
nated. t n order to ensure gi:IQd tbet"l'll.&l contact 
v i th 11 l l po in ts on the c Loth csuc{acc o f the 
paraffin , we floated the paraffin i n room temper­
a t ure, 77•p w.,te"C . t o the faci.al dep re$sion of 
the p.1r.1ffin w p.l~c~d approximatel y too•r va·t er 
wh i ch we kept agitated so as to ensure that t he 
facicl s urface was alvDys nearl y llt un i fo rm 
teop.P.ratu re. '"'e ~Jtamined t he tempe ratu re image 
oo the clot h - s u r face s ide of the paraffin W'ith an 
AGA- 780 thermovi9ion system wh ich detects e•lt.t e.d 
inft'ared rad iation in the 8•14 mi cron reg lon . 
The di f~usi'r, coefficient for 1>ltr8f r i n i s 

:~~;~o~Re~~ ~~):n'e~:8c i::e::~:ro~tt~:s!4:!~~: 
fic i ents coupled v i t h t he u11t form thet•a.ttl con .. act 



provided by "'t~r i~t• lon mtAnt that tt\e 1>t1rat­
fin/w•ter il'lter face va9 e•~entie l ly tran1tp1ront to 
tf".111peratura di ffuslon . Thul. the temper.a tu re dis .. 
tribut o!'I on the cloth sur!•ce •• r-evealed by the 
ther.>vi•lon tMoltl be .11 rt•littic depict ion of .a 
general dlf!usion i.a_g!!. '.le note th•t tfote tt.miper•­
tut'e vari • tion• of our diffusion iiuge ~re r.o 
g reater thfln •tv4l:ral degreet ' • cenheit 1 much 1u1-
l~1:' than ll')O• p - 77•p • 23•, tt111tHJ rn t ur e d tff•r•nce 
tto111 face to c loth. Thut , thlia experi me'lt appcoxi­
mat ed the bounda.cy condition o f coeplet e abtOl'ption 
Otl t.ht cloth for vhich 1110lecul•r concentration ot, 
in thi• c•te, le.per.et rJre .,.ari. a tion at the bound•ry 
voulct be z.~ro. 

Vi~ut'~ (19 ) tho1i1• the exper iurenta\ image 
and VP-8 r~ l lef . l.a'Cge acal• (3~l;1l structur<ee are 
.epp~rent in thit photogr•phl c t mage a lthough rea1>lu ... 
t ion of flne •t ruc::tur~• aucl\ ~3 t he 1 i p• •r• ab-
4ent:. lt i1 .1igni fi c:ar\t th1t the Shroud i•agt i1 
not blurred to thit de&ree. The YP-3 relief •­
piears co be •oecvtl• t de!nr111ed, partic:ular11 in the 
c:h"elit are" ""ich seeit to protrude u pward , 1ivit1t 
thf! 'IP-8 reltef a c;onve" 1ualit7. This efftct i.! 
.1u1soc:L .1t t1td v lch th e fact thllt t he teferenc1t ~urCttcl!' 
vlh~re the l1n,,ise va~ obstrved by ct\e I R c••~r• was 
curved . • l•i lar to a drapina, c loth. tn Pi aur• ( 11 ) 
lie pl"t~ettted • VP-S Te lief whlch shows the effect 
of c1oth•dre pe. This t'e li •f ..._, be c:011.parf!d di• 
rec:tly vith the diffusion VP-S relief bfoc:aute tM 
para.ffil"I ('-r• .,,_d plastic C:01"1t•ine r Uf¢d ta itt:nec­
aite the Yi1ure ( ll) relief 1i1tre made fros th~ tlQt 
rootd. (Sc:ti d .hu;:u 81!1.iC1n of F!gure (ll)) . 

T~u•. the diffujion process sce•s cap~b le 
of e-nc1'rting body shape and cloth-drape i nfor••t ion 
i nto iiaagt 1tructuce, but onl y in th~ l<>w ftequency 
pare Df t he Pourier sp.ectru•. "ligh f r equency ~ 
ponent •, n~cet1ac1 to define facial details are not 
tenecatt'd owln.a to di ffuti•e tpreading. Since thlt 
i.s not the c ase fo r the 51\roud iaage, ~ -..1t re­
ject the di rru.lon hyi:inthe~ is. 

2 . R1tl i1tion . t n diffus ion. informatton i J11 
tranferred by tile C'andom vallt of e:>lccult111. 1,, 
t'adiat i on , the c.arriet's of i nforution prop1g1t., 
along. 6Cr1ti!it l il"lt path• a 1 photons . tf radlatlon 
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ia L11'bettian Juch • • bl.tcltbody intr•t'ed radi a ­
tion ( Re f. 31), then no s had ing varlatlona wil l 
occut" in t~e '.t'etu lt l ntc luge; it wi ll a.ppear u • 
unitona dltcoloratton. The ettel\tl •t re••on it 
that each re.diet ioi turf ace ele•nt o f the bod)' 
aurface eait-s i•otroplc 1/r2 radiat ion vt\lle e:adl 
cecelwing ele-ent on the body sur face aeas a a~­
fact are• on the body that increat tt ._. r • 
Th~tf t wo effect s cancel leavi ng each surface 
e lement receiving th t il-.i! radiant fl u'.11:. Such A 

cr>nd itlon ol>vloutl)' trt l'ltfets no di t t1nce l nfor ... 
na.ation sil'lce ORI! •h•ding level ie recorded re­
gardlttt of the cloth•body distance. We m:>deled 
thi t a ilvat ioa by coatina the referenc• f•c• vic-h 
Slhotohorescent paint tiibich vhen optic1lly charged 
b-tco-ts a L4!'1bertian e11ittet'. We then contoured 
sheet• o r •-enti.tive 9hotograph ic fil• ovec the 
fac• to aodel 11 dtapil\S cloth (Ref. 32). The de­
veloped i~e w1a of un i fot'111 i n tentity tlHt>reby 
•howlng a La.m:~rt ian ch.eta.cttoc. 

HOW"ever, not all r1diat l0ft sltuations 
need be Laabertian. lf ani<»tropiet or attenoa­
tl°" or cbe radiatiOft occurs as it prop.agates 
fr'oia bodr to cloth, t h ad ittg variation• in the r-e-
9ult l na i mage wi l l be present. To 1nodel this 
con tlguration , we perfonned the 1•me photogr aphic 
-experf1t1ent deac r ibed 1bove fo r La111be r tltn radia­
tion but i n • 1tght tttenuating liq1Jirt mediua. 
1Aa1t• ~ for !Md vould bf! ex~cted to cof'ltai..., 
•hldift.A •ariat ion• which CO\lld be correlatf!'d wit~ 
f il.-bodr distance , elthaugh resolutioft vould 
probably be sooe'1hat de1raded in the"t i111ges. 

Figure (20) shows the VP-8 1111,gge f() r a 
radi.ttlon image c.,nned by tk i$ toechnique. Ge..a­
eral \7, the VP-8 relief re•emhle• th• YP-8 di r­
fu1lon f"e 1 let of rtaure (19- Bl. Since. clot h 
f'lrape lnfor.ation i• pr•sent in thi • i!!Ug•. t-h• 
r e .. rlt• rw.de for d1 ffu.Jlo" apply. A1 vi th the 
dif(u•ion t~ge , th~r6 l11 a l$clt of re1olution of 
faci1'l detall o; , althouth tli.e tip3 " r• j ust r~­
solved. 1'e have producl!.d 1 in Figur e ()- 8) 1 a 
di ~t,11t1ce el'leoded ira1ge by i:-ad·iati4n vh lch has 
e•cellent correl .. tion •nd can i nclude cloth drape 
e(f'• cte. &ut tore have not thought of .t r ea!lonable 
wa1 to la.corporate it1 colti .. tlon effect (~i .. .a 
c a .. ra loo~ing throu.gh the light • ttenuatin.g 
•diu .. ) loto MntO eoqulvatent 1'y90theea1 for the 
~roud i.mag'!. For thttt '.t'ea.50111 and by coepar­
\IOn vltlt the VP-8 Shroud relief , wt cone lude 
t hat tl11! t'•d i at ion fro• a fu 11 body •hapc is 
probably unable t o • CC:Qunt £or the Shroud imagt . 

l. ~s-1.e lief. .\.e prcvioualy noted, the 
general la <lc. o( retolu1ton for d i ffusion • Dd cad­
iat ion eech•n·Lt~ .ect ing fro. a bod7 11&r(ac:e i& a 
m.11 jor proble. fot t htt11 pcocesse1. f101.11v1r, one 



Figure 20 . 

possibility for t1o l v in3 th.e res,;,l ution pro~lem is 
to use a ha$ (p3rtiat) re lief o f a body ~hape a~ 
.aug$Uted by Ashe ( R.ef. 33 ). 01\C migh t env i iiort 
such a ret ie( be i ng covered with a <:loth and sofl'le 
ac.t ion-at -a .. '1 i" tance mechani s m, such ai; thcrma l 
di f fusion_, oper.gt ing to prod1.1c~ sh ading inversel y 
pr01J<>t'tional wi th c l t;l th to \>as-re l Lef dtstanee. 

As An initia l evaluation of tht: bit.s-re.-
1i~f hypot1H~~is , we heat ed a f ive centi.'.ll!etee' di .1-
met er medall ion corttai.ni ng a t<)1,.1ghly 11tll i t11eter 
thi ck. bas- cO?lief i.;fiage of the ~hroud f ace ~nd 
covere~ i t vith ~~tmAna fJ fi l ter paper . Tile 
"c<.>rched l1$4ge and VP- 8 r:eliaf t1n·• i;hown i n r-'igur<! 
( 21). ttnd the reasonab ly close cesenb lance v i th tt\~ 

VP-8 r-eliof Qf t he Shrt'!lud W"as ooted. I.le therefore 
decirled t o ~ullli.rt~ this mechani$:11 in more detai l 
u9 i~g ,'\ full - size baa-rel ief o f the reference 
fae-<?. t hl* ~-p~r'i it1~nt iii best de6cr i bed i n l'lltnus 
of Shannon 's forfD4 l i~~. 

The use of a W!J rel i e f makes s!;?nse on l )' 
Lf i. c co<'lt a i ns dis t an.ce i ri forai .:i t ion of 3. hu.111an 
s hape . That is, if i = u(x , y} i s t he surface ~qu.'.l­
t ioTI ch.aracteri.(.i.n:t t-he g i. <Jel\ hu1un shape , whe re ir: 

is t he reli~ f coordi nate . then t he su r face equation 
ot the b3.s- re l i.ef must be of the fnnii ~ · • g(z)l 
1<o1hl!ce for a l l co<.>rdi.nittl)S {x,y), z ' (( z. Thi.'! ~n­
codement process v ould ob¥i.ously b~ pe:·rf1)rmed by .1 

hu,..!ln agent and l s def ined as t h e cons t ru.:.tion <'If 
the surface. t' (x,y), f rooi socne %(x,y), What. .is 
t!$~c:tal ly att ract i ve about the h.;11;-relief lly po t h­
es is ts that a !lOu lptu rer- cou ld probably ach t~ve 
reasonab l y correct d ~stonce encodereeolt into hi$ 
b3s-i-eli~f vi thout reali£ing he. or she ""'" doing 
so. Th is c:oulrl be :1ch ieved by i l lunLnat ia~ the b.1!l 
re lief with g razing angle light. lf the b3-$- retief 
14E!te corr~ctly encoded ~ith dis t ance in fot111at,on. 
t he llhadow l eng ths ovec Cho \>.;)s-cel ief would havP. 
the same rela tive: di$ttibu tion as Che fu ll thret? 
diu.n$ional re lief 'bei ng copied, hut when l?IOTe 
noC'ma l ly i.l l uoina t ed. t n our eitpeTiG>el\t. iJe per­
for0ted the encodement proce$3 " i ch ch~ VP- 8, assun.­
l nt, th4t a s k illed scu lptur tlr co-.ald achieve the 
~a• r t.3ult , .1$ evidenc-eJ by t he expeC'imenl wi th 
the ma:da\ l ion 11bc)vl! . Ua constructed a telJ>(>l\t'.iphic­
al map out of $tacked paper cont o urs each repre"' 
.'Jenti.n~ ;t sp~cific shading level of the dis t ance 
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enco ded image of t he re ference face in Fig11ri! 
(3-8) . fro..'11 a «klld of th e t opogr<11pl\ ic-al up, ..,e 
t hen prepatitd " bconz e cast. Th i.t bron;t. ..,del 
t heq cont'a i ned ~iJ;tance infor111.•t i on ot t he ref­
e r ence f ace and h ad the dieension$, 'l3 e ra long, l 
C•tt tl:tlck (at the ttighest ). We co111p1c~d various 
profi les accoss the fini•hed b•s-relief with 
to..,_.gain VP- 8 pcofile:.!1 for the d i s tance P,ncoded 
illl.Bge. The3c profiles compa red very \le ll a nd we 
were ther·efoTe a .,sured t hat d i " t ance information 
had beeft properly encoded int o t he bas - relief, 
The eonst C'oct i on of the h2.t-rel i•E can ba regard­
ed aa Shannon ' s tncoderttent phase o f t he infor1M­
tio11 t f'An•fer Ero13 a full body .th:tp~ to th..­
cloth. 

For the decod ecne1lt pl'-OCt$$ (the channel 
transfer ill' c r i.vi.oil Ln t h i s case) , the brooze 
ea.st vas heated and i1ttpr~ssed irit o <1 stC'etched 
cloth. The heat tt'at1tfer to the ~ l.,th at any 
toeati.on occur red !>y thel"ll'l.it l .ii ffu•i<tn .-nd as 
prev101.14ly discussed , t he di$tance infi>f1lla tion 
(esiden t i n the h:as-r"lief shoulit be tCSllSfe ·rf'~d 
(or decoded) inco t'l:te cloth a' t herm3l di$CO lor.a­
t ions r.tf varying shades .1t'ld ..,ith hig~ r~6o lu­
t iOll. tt is not e ...,ort hy, inasniuch as the Sh roud 
itnage seefll.!I to cont 11 in c \oth- body rat heT than 
sirnpty body-.iist~ne• inf•>r-mation , that t he ba:i­
reltef ~<;han i'm shouh1 also t ra1ls fer cloth- body 
tyP" inf~C'mation even though it involVP.4 ~ nftAr'l y 
f l at relief . The reason i s that whe:. che c loth 
is 1:1tretched over thl! bas-t'el i. ef, t he clqth as­
$u~a ~ sligh t l y warped s hape, but one ...mich is 
!!;c3 letJ dQwn i n tha z.- dir-ec tion from ~ i;.loth Qve r 
a fult hody shape by ~sst?ntially the s3me scaling 
factor, g(l!.) , ai1 fo t t he body. Thea, vhen the 
reaul,tiog ima8t is viewed by the VP- 3 , the sca l ­
in& e:1n be compensated for by a relief l(tti n .1d­
ju~ tmcnt . Thus, a hypot hetical Cl'.' a ft~fflAn rt.,ed 
0:1 \y wo rk at cnco.tJing bo-:ty distaflce .info rm:i t lon 
and the clot h- drape inf~rm~cion i s pl~c~d 
n4t u ra t l y in co t he i111age during decode111ent, un -
1 i ko i n t he "r:t i.st hypot hesis wth~t'.! body and 
cloth drape infor•~ti-Ofl t11ust b-e consciou~ ly 

placl!:d into t he i-:nage by tht! hum11n agent, I t 
t.1ou td seei;t1 therefore , th.it a bas ... retief r¥!'chan­
i'~ is theoretically capabl e o~ prudu~ ing an 
im~ge &tcuctur e cap.able of ~ three ... di.~nsinal 
int~rpretation of a full body under a dr4ping 
cloth , even though a partial celief is used. 
Th is does not ffti'!.:tt1 , !wW:vel'", th3t informac lon of 
a bo1y sh ape i.s rtl')t us ed , bec.:tu$e t he baa - re l ief 
l tse l { is der i ved fro•!l a f ul l- body shape. 

fig.ure (Z2•:\} -sho,,,.s t he re!lu l tirtg dis­
co loret ion ir.iagi: pa ttern' :;: VP-8 re lief. We note 
f irs t that the r.?lief ieage h.:t!I .a Cl)rtveit qual i ty 
sirnilaT to that o f Fi gure (lJ) wh if;h was gene C'­
~t~d celative t~ a cu rved sur f ace approxie.attng a 



draping clotl1. Thus. t h.e itotion that c l oth-drape 
tffects can be plac&d i nto an inage hy the bas-re­
l i c:f 111echan i sm. s eem val id . n.e i mage has good 
r eso l ut ion and e1tl:libi ts a r-el i. ef structure sitnilac 
tG1 but not quite :.it 3ood in detail a~ tht Shroud 
VP-8, and ha~ a s l ight platea1;1 appearance , like in 
the direc t contac:t VP-8 im.ag~ . We dQ note, hov­
evet', that the med4i 11 ion VP-8 does seefl'I to comp.are 
t *the r well. Thu$ 1 ve coRclude that the ba•-re lieE 
n1echanism might be capab le of p-rod1;1cing an iiug~ 
that -correlates with c l o th-body distanc~ to the de­
gree pr4,4nt in the Shroud i11Lag• a• velt as pr ovid­
ing an acce pt41ble degree of resolution . rurther­
r10re , tho mechanis m l s hi1tori cal ly credible s ince 
b a-$- r eliefs have been produced by sculp t urert for 
cent1;1r{e& . ln add i tion, ch is eechanisni g11ncrat es 
an imA8• vi th a chemical structure siai lar to that 
ob9erved on thP. Sh rood (Ref . 4 ) . 

This , however, does not mean th11t the 
bas ... re l ief w.echanis(I) is COl!lpat i b le vi th al 1 Sh roud 
hnage ch3r.acteristica. There are some iujor prob'"' 
lems vh£ch ishould be poi n ted out. F i rst, it is 
d ifficvlt to see l\ov therul d iscolorat ion9 can be 
plac:ed by t he bas - relief mechanism. on ly on the 
u pper fibrils of the cloth , aa on the Shroud (Ref. 
3) . R~gatdless of the t e fllpcrature of t he bas-re­
li ef, we obsec-ved th11c theriaa l d isco \ot .tt ions on 
the re-verse side of t he cloth occurc-ed within sev­
eral seconds of clot h placement on t he ho t b.as•re­
l i e f . For our ex-perinente: ve used lSO micron thi ck 
l inen, simi l ar to the Shroud (Ref. J) . TheC'!Ml 
effects propagatf s dist~nce, d, i n s ch•rac~eris­
tic t illlC, t • d ID wticcc D ls tl\e t heru\ diffus­
i vity. Let us cone~rvatively assu~ that Shroud 
thread~ are LO f i bri ls thick. To dia.col or t he the 
first fibril l ayer, the time -cequ ired vould be 

(d')2 c' • -
d 

( 4) 

where i .s: the ti.ae (several s ecor:ids) t o scorch 
the entire tt\icknesa d of cloth , and d' the thictt­
nc.ss o f the fi rst fi.br-i.l layer. Then with d' /d = 
lO?, we may celculate t' to be on the order of 
several hundredths o f a tecond, a ti111e whtch wou ld 
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pose cotuiiderable tech nic•t diff icult ies for • 
hypot hetical crafta~an t ryi ng to make a Shroud 
ii..-g:e. fur t h e t'lllOre , even if he could achieve 
th i$ or perhaps by elltendi~ the scorching ti. fl'IO 
so1M1what by dampeni ng the cloth, it i s unclear 
vhy he v C>u\d reel compelled to place an iru.ge on 
only one side . For then, he s acrifices the 
ability to vi1ually follow the pt'ogcess of iMge 
development by obt o rv ing di9colorat ion • •• they 
appear on the: reve rse s idt. We produced i..aget 
on wetted l lt\en cloth and found that t h e t ime to 
produce an i.iu&"e va$ i ncreased up t o roughly 10 
.seconds oving to the f•ct that wa ter had to first 
be vapori:i.•d away be fo re fibril scorch ing cc>uld 
cake pl.ace.We succeeded i n placing an izage on one 
s ide of the cloth by t h i• technique but contr•tt 
problems , causing the VP-8 Relief to •Ps>eat ..:ir~ 
like a direct contact ~ge (See below),. vere more 
severe because unscorched fib'ri l s were protect ed 
by watet'. We also notctd that evapol"a tion 11as 
coa:t.evha t nonunifot'lli l e ading t o noticeable non• 
uni forciit i e.s i n image ditcol ot.ttio'l.. A vp .. g r·e-
1 te f of .-n U.age for-ioed on ~t 1 i ne:n is shown in 
figure 22-~. 

Anot her difficulty l i es tn i lll4ge con­
tr:n3t. The TMKilQll,I~ shad ing of t he Figure (21 ) 
medallion and Figure (22 ... A) fu l\ - .size baa re li~.f 
i mages wa$ f'JllJC h greater than the Shcoud , ap­
proach ing ;i de"p brovn s cor e:h. Thie high in .. 
ten$i t y of abading at cont4-Ct po i nt t1 v aes neces ­
••rt i.n o rder fot th• more dist ant pacts of the 
bas-re l ief to record theLr pa tterns oo the c lQth 
and i• the probabl~ reason for the slight plateau 
effect in tlte VP-8 reli ef noted above. lt thus 
oppear-$ as though li11en h as 11 therfl41 response 
s oeh chat exceedingly low b#_s - rel iefs are neces­
s ary to pro-duce an iniage v ith an overall cont rast 
variation as subtle tHt on the S ..• i>ud . the CQn­
s t ruc t ioo of such a rel tef uy pos e significant 
t•chnic.al problems for ,,. hypot het ic.al craftsin•n~ 
we note that our baa-r·elie.f vas 1.() c• thick a t 
the 1MJ1ti111u111 ( 0 ose to backgt"ouod ) and the :iiedal­
lion relief was con•ide.rably lower, on t he o rder 
of a mi 11 l\'l'leter . \le <Jl $O constructed ;a thicker 
bas- relie f ('l.2 cro thick) a1'1d observed that the 
contra.llt aar l! pronounced. 

Figu~e 22-A. 6a.s keLief on Dry Linen 



ficure '2t. 

A final pro!>leis is th•t leter•l di•tor­
t ion1 in the Shroud iuge consi.sttntt v i.th 1 cloth 
drepl"lt ovtr a full body shap.e, hav~ ~en ob1crved 
(ler. l9). Such ~ffect• are t'IOt produced by tbt 
b .. -rel ie( emcha~i.- •ince the cloth l 1 e11ent l a tl1 
flat •t the ti• of U..ste ge_oeratioo. lt i t con­
celv•blt th•t a eraft sraan eould two dl-.n1lonat ly 
dtfon hlt ba•-relitf to si.-.ala tit tater• l ctoth­
dr1pe di1tortion1, but this complicates In other-
11i1e 1lmple i.echanis• and it is not clear if 1uch 1 
concept \l'Ould occur to a mediev1l cr1ft1r11n. Such 
• po11lbility could be studied vi• hl1torical 
ltuae• of Chritt' • f ace on c loth to tiee if medl.eval 
artists proJuced di storted images to e<.:count for 
cloth dr.tpl • but a f the 1everal 1uch ifllA&t• llQ 
h ave ex1•lned, for exa111p le i n Refer ence t • t here 11 
no lndic.etion of 1ucb diatoctiol'I. &iccept for the 
l atter prob\~•. some of these difficultie• MllY be 
overcoMe by u-1ing cbe11.ical ioatead of ther•a\ dif­
futlon. We have not investigated thi1 except to 
notce; that cheeical traaafer ia au1ceptible to 
brig~t •pot• appearing. at eontact Pointe due to 
c•pl 1 ter1 •ct ion .ad the che•istry of the Shroud 
-..1t bt reproduced. Vith theae coA•ideratlOft•• w 
•f'e generally tlteptical of tttf bu-rellef hypotb­
••i• elt .. ough this aectta.nis• aight be cap•blt of 
producln& luae• v ltb a tl\ree dl9t:ntional chac­
acteri.1t lc and tuitable dlnistT•: t.h1s1 hove-ver, 
ttill needs to be de.oostr•ted vttha full-11z• ba1-
relief of a face and body. 

4. ~ieke l l 'Powder Techn ique . Althouah not 
1t rlct ly an •ct ion-a t-a-di.stance hypothe1 l1, 
another ba1 ... re l t ef bated .echan it11 h a1 b~en pro"' 
po11d by Nlct elt ( Ref. 14} and Lnvolve1 contourl n" 
cloth to the b11-re lief and 0 duat ing'1 the deforeed 
cloth 1urf•ce 10 as to produc• ~n isage. Since the 
bronie b •1- relLef• di•cua1~ above were encoded 
v ith di1tance i n foriution of the r-eferen.ce face, we 
u1ed one (w lt~ di111tn.sion1 23 c:ia long. t.2 m thick 
c ••• t ... )) ae the ba1i.1 of the uperi•nt. "4 ~­
(of'91fd, •• Nickell indicates. vet lint'ft to the 
b••-rellef .o •• to aa.ke all iuge feature• <•r••• 
lipt, etc.) i 19prees.ed into the cloth. Vt then 
"d• bbod" the cloth vitll fine t·c-pr• p0wder. The 
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beat re1ult was •n i.._ge ehovn ln figure (21) 
vhere ab.ading e11eotiall7 correla ted v ith local 
curvature of the face (aince tlt•t l1 ~ere povd.e r 
tended t o accwwlate). Thut , the •h•d" iu&• 
eec.ed to cOftt•l~ more Cuf"•ture rttlter th• n dis­
ta.nce i n fomatioo of the ftce. tn tddition, ve 
!lOted l•rge quant i. t iet of powdor tel' lng thrc>ug,h 
the cloth weave 1tructure tnd accu~lating on the 
reverae tide. According ly we concludtt that t h is 
11WJth11r1it111 it unaccept•hlt. 

\, £qgra11ing. Thul ftf' 1 wt' have con­
sidered act i.oo-at-1-di1t11'.'lct etchani11 .. in ~ich 
the encode.ent proce1s (i.1., evaporation or 
e111i.1sion) it fr<MI a turfact: wh (ch contatn.s three 
dieenaion•l ln!or .. tion by •lttUit of tha t aurf•ce 
ltavif'I& a t'brl!e dime.n..sion.at ah epe. Alter'ft•t­
ively, Schwalbe end lose rt ( Aef. 3), ha11e pco· 
P"ed a -ed'lani•• where this M•d ftOt be IO. ta. 
their eodel, the 1urfac,e i. a tlat .. t • l •hee1 
and the ettcodeiaent of body th•p• lnro.,..tion i• 
•ia ena:.caved tine-s which in e11ence chance• the 
ef[l!'cti<ve t h.et11•l e11i11 i vity fl'Oll point to point 
over the sur face. They 1ugae1t that the Shroud 
.. i ght >t•"t be.eft 1u1pencted • bove • heated enr,rav­
ing a.ad discolored by r•diant heat . A nec@••ar-y 
condttion for chis mechanlam to WOTk l1 t ti•t t'1e 
••i••ivity be t neodtd v irh appropriate di1tance 
infot••tion; th•t is , the nuniber de n1lty of en­
graved l inos 1hou ld corre1pond to cloth-body 
distance . 

As an fticperi•nt•l tic••lnation of the 
engravi ng hypothetis, Ye productd h1age1 froq 
1pec l1l e113r-aving •iaul.1tion1 wt had pr•p•rtd. 
In thi• ceg.ard1 COl)tidtr ag•ln Shannon'.a tnfonia­
ti~n tranafer- "°del, in particullf th• tncod..,.nl 
pti.aa!!. Rather thltl tett hov vetl •-" engravl!'r 
could encode distaa.ce inf or.at lon ( a proee11 •l­
teady ex.aain.ed under tbe artist hypothl!sia - if 
ve usww t"li.e equ:i,,alenc«- of aqre•inc to dr•­
ing), we produced the ~quivaltftt of an ertar••ed 
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surface \!h i.ch w coded with di1t1nct infor-ation 
photoche•ica lly. The ptocedurt vu to photol!'tch 
the distance encoded t .. ae of Piaure ()•I) onto • 
coppec pl.1te, thereby si-.alatinc the rougtl •urface 



of an engr~ving. The f inal result was an effect\ve 
emissivity ~ich depended on a d.ot pattern euch 
thilt the dot si:z.e varied wi th. image shadi1'g or, 
equivalently , distanc~. We chose copper because it 
h ;iit a suf ficiently high melting p0int trlt\en heated 
c.o scorch c l oth and i$ \ considered an i deal metal 
for engr~ving. Ou't' o?xperi mentt' involved e.x.a11l n in1t 
the ratiiartt e•ifti.ons f rom the coppe-c etch i ngs 'lofith 
the AGA t herrooVision :and producing thl! rtnol images 
on Wl\atnan fl fi l ter paper by ditect corttact . 

Pig11re (24) ithows the infrared emission 
inage and astoc tac~d VP-8 rel ie.f. ~l t hough t he 
d~grce of etch i ng was corce-litt(:d with the celi ef 
struct \lre of t he pl.tater reference f.sce, the emia• 
slo:\ i l\tensity do48 n ot ceeie to preaer.,e t h i s cor­
r.ei•c-i.on and .g,cco rdi:i.g ly neither ""°u l rl the sh:adi1'3 
&tr•.1.:tu-re of any i eage scocct\erJ onto c l o th by such 
a radiant distribution. nie reasQn tor t he laclt of 
corr el,.tion is , hwever, int•rt$t ing. Cons ider the 
t henoov lsion image, figurl! (t4-A), along an iaaagi n .. 
acy. horizontal t ine at the level of the nose. We 
n~te A gradual i ncrease (wh itening) in eniissive 
intensity o vec t l:lP. h.air ~nd up t o the che.ek rc~ion 
~ut then a sh•r'f) dect'ease o.ceurt to nearby back• 
gtounc:t at tile nose which should be the vh itest . l n 
the "VP- 8 re11ef, this behavior i.s ~u)tllrt .u a depres­
s ion i ri the center of t he face. The r12ason is 1 

t hat .ss the clcgree of etchio.g i ncrelSses so as to 
correspond with the increasing C'elief str1.1ct ure of 
t he re fe:te•lce face, a point ta reached whe r t onoug1' 
netal is e tched avay that i t besinit to emit tooce 
l ilce bacltgrl)o1Hi, une tched met ., l . Thus, the CQrrc• 
l .3tion o f emissi.oo with di.!!tance can be doub le ­
valued depe nding on the nac"re o f the etched sur ... 
face. tiiis beh~vior could ~ausc m3jOI" difficult ies 
for a l\yPothe tica l e r.\ ft&IU•' who might 'li$h to 
ut ilize .such a pl"ocess to cre.-tc " Shroud i aage. 
t11 Mdi~ iC>n, ve noted that ...tlen heatll'l.g the copper 
etcll i ng to te•pe rat ures su f ficient to scorch cal­
l u lose, black ox ide l a)'ers quicltly ~od unavo idab l y 
develoJ>ed caus ing v.-ria tion9 i n emta. 3\v ity n uch 
l arger th•n those due to etchi ng. fu r t her , lolben 
the hot etct\ing was brought c lose t o c l ,,tti., reac­
ci on pr"d1.1ct & f r()m the cloth of t:en formed nn che 
metal, mat~ing the emissivity vari~tions doe to 
e t ching as vic~ed by th• th•~vis ion syste-. 
When the engravings llere brought in co11tact vic'1 
the filte r papef' thereby :il lowi ns heat col\duction 
cathe.r than thf!rtt8l r adia tion t o produce an im.ige, 
the images were poor t o the poiot of he i ng un­
r~i:ogn l~eab lt . For these l."e8tont, along v i th o t her 
diff iculties ment ioned by Schwalbe .ind Ro,l\Ct'i, ve 
belie,.re the engraving hypot hesis c an be rejected. 
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Figure 24. !ngravin.t.. 
~oderate hes ting•No oxide fonn~tioa 

~ . Rlec:tro~ tAtie t.aging. As a f i n.at hy­
pOt hesis ca t egory, ve i nv4'!atigated the sugges t ion 
that electroetilt i c field • , possib ly associated 
lfith lightning phenooiena, cauaed 3 corona break­
dovn ovttr ~ body s urface Weceby enel:'get ic e l ec­
t ron~ are guided by sueh fie l ds and ~egist ec 
thi't'.nial- like d iscol9rat i ons o-n t he Shroud. tt i-9 
beyood the scope of th is paper to comment on the 
physic~t plau.stbility o f tl\is R10dct, but the 
notion o f elect rost atic fields setv ing a$ guidi ng 
pat his (or cha rged part ic. lea as the e•rrier of 
d i s canco: informa t ion to the •hrllud s eemed -.IOrth. 
coosiderin~. tn the d i scussion which fo l lows, ve 
do no t co11s i.der the p•t:t-ia t aken by charged piu:ti ­
cle$ but rather th.e electric field di.s t ribut tons 
under the 11s3u•pt ion that image reeo tut io n ~nd 
dist ance c-.>rrelatil)n c<U'I be no better than that 
'lilh ict\ the f i eld di.st rihut ionl'.' wi l l alto..-. 

Let us asau!D;? that the body was lying 
hr.ir i zont il l in a ,.rel'tical electric f i eld and t.h•r 
the c loth mere ly i ntercepted the field li nes, To 
QOdel t1uch .3 configuration, W'(> coated a 1/ 4° 
plast ic s heet vitll et~.cttical l y conduc tia$ Tele .. 
v islon t ube. X.oat. ·we then a ttached a ~ta l lic: 

prof ile shape of out reftre1\ce fac~ co the coat~d 
plast i c 'l'ith spray s,tu~. At SO!lle distance above 
the ftac~ . we glued s horizontal met .i ll i.c $trip. 
Ve then applied scve cal vo 1 ts ~tw~en the st rip 
(vbich si11u l ates a uniform el•ctt() tt t atlc fie ld) 
and t~e fac i al shape . The ceault i ng Current 
f·l owl'I followed the field \inc• 3nd we observed, 
as aho1111 in Figure ( 25), the as &oe iated jou le 
hea t ing witt\ the ACA-780 tt\ecmovision. We found 
that not onl y ls distance 3 fac t or i n field 
s treng.t h buc probtlbly even o:n~e i111port.1nt ls 
l ocal cur'1.&tvce of the body shape since elect r ic. 
f ie-1d l ines t end t o accu111Ulat~ .a.r.oond regions of 
cur v.1tu te. Such. an effect seems to be a poten­
t i al orobl e111 wi th this type of ac t i.on- ac- a-d is­
tancc mechanism inasmuch as the Shroud im~se 
appears to cont ain oft ly distance t.ypc in.foc~3-
t ion . 



rigut• 2s. llectro•t•tlc t .. ge Profile. 

tbus. electro•t•tic: l..,gtng doe• not •ppea r co be a 
viahle vay of producin:a an itute like the or.w on 
t11e Shroud. tn u ny rc1pect •, electro1tatic lt .. 1•• 
•r• li1c.e di.rfu•ion iuge• hec• u•e both obey 
LaplJce's tquatlon {or ?Ottntia1 and nui.ber den•i t y 
reapect ively. 

lV , CONCLUSIONS 

ln su...,.ary. ~ t l'lt th«! fol l o wi n1\ con­
c l utiont t4H•u lt ln~ fTo. OUT i nveatig11tion11 of the 
Turin Shroud . We do not e lalm to hive 1b1olutel y 
proven any of the111 (~ttCl)pt tht fi r• t) fo t tea1on!I 
s pecified i n the text , but we do Mli.l!ve the. to 
h11ve a h illh pr obabl llty of °!)olnll correct (i ndepen­
dent o f whe the r o r not the Shroud l• the actual 
buTiel c loth of JetutL) 

l , The frontal l•a~e O('I the $hrou.d ha.s 
a ~hading •t rueture cont i tt f!nt wi th a body 11liap-e 
cove red v ltti a naturally drApln.t c:1oth 1nd whict\ 
c.an be J eri.ved {r011 s ti.n,tt, Rlobal "'•pping (unc­
tion Telatin1 lMt•f! 1h1dln1 vlth dlttancl!l betveen 
thete two •urr•ce•. Thi.1 Lnterprtt•tion VQuld ~ a 
rea.sonab le e l(p l1nat ion foT the Shroud inia~e if a 
high reeolution -ech•l\la11. 1ati1 ( yin,1 a l t i•a~ and 
chetaicfll ch•ra:Ctt!:titt iC:t of tht ~hr01Jd C:•n be 
de.on11tfated. 

2:. n\« vlalble lult' on the Shroud i• 
not the "'°"~ of an aTtiat in an eye/b,.• in/ha:ul co­
ordination .!len1e, OOT dot• it appear to be the 
re1ult or direct cont•ct onl7, diffu1i.on, radiation 
froa • body •h•pt or engr1vlfts, dabbins PoVder on • 
bas relief, or electro•t•tie t ... in1. 

l. The vlslble L.ege on the Shfood i• 
proh•~ly not the reavtc of • hot bae-reli•f i•pr~•­
sed loto cloth, but ruch a eechanit• •ighr be. able 
to •ccount foT tht Shrogd t .. g•'• dl•ta11c• corr"e1 a­
tion, re•olv.tlon, •nd c:h"lcal structure: it does 
not 1ee• to 1i11Ult1neou1ly account (or the iaage 
resid in1 on one •ide of the Shroud, tov contratt of 
the Shro~ i ... 1-.e , or l • l1$ral di1tortions ia the 
Shroud \q.,e (contittf!nt v ith t drapint c l oth over 
a body a hap~,) 
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