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ABSTRACT 

Wr ht-re prese~it a sollition to a common prt>I)lrm in 
IMY. i . ~ ,  to identify and estimate the ori~ntation of 
touching m~clianiral pal t s  on a planr surface. 

Aftrr an ini t i d  thr~sholding step, wp lisp x dist.ance 
tra~~sfnrnlation to crcatp a dis tanc~ map. 1Vr separate 
t l i ~  oI>jerts hy using wrrtprshpd segmentation nn the 
tlistmre map. Some ohjrrts may he s~grn~nter l  into 
S P V P ~ R !  parts. For pvpry segm~nt  and every hnle we 
rr l lr l l l~k~ the cv1h-r r ~ f  ~ rav i ty  for its surrou~ic!ine;cdge 
pixels. By this we h a w  nn  st imxtion of thp orientation 
t ~ f  thc objects. For thr r,l~jrcts that ronsist of only one 
A P R I ~ P I ~ ~ ,  without hol~s ,  wc constrl~r.t x cirrle m u n d  
tllr r r r ~ t r ~  of gravity. IP plot the ~pllups nf t11~ distance 
IIlnp or1 this circlr linp at a filnrtion of t,he anglr 
t ~ l l t l  itlcntify its maxi~iia ant1 nii~iirna. For tlw CIVP~ILII 
ro~~trtr l  ~lgoritlim wc ilsr f~rzzy logics. 

To verify the irlc~ltifiration and to g ~ t  il l ~ p t  ter ~ s t i -  
11ixtiorr of the orieritatini~ of the o h j ~ r t ~ ,  we finally do 
an edge n i a t c h i ~ ~ ~  HS~FIF; t h ~  d i s t a l l ~ ~  map which gives 
11s q~~anti t~ative rne tmur~m~nt~ ,  of how well, the A ~ P S  
rnatrl~. This will givr us rnorp acrt irxt~ ~st~imations 
tI1a11 ran he a c l ~ i ~ w d  by ~"ttiistic~rl methods. 

Lal~or~rtory trsts llavr shown t,fiat nnr algorit,hnl 
will perform  quit^ wcll or1 tllr shop-flour 1~1dr r  ccttain 
rest,rirtions ahot~t  the (tist ~ I I C P  between t Ilr carrlern 
nnrl the ohj~cts .  

MATCHING 

Edge matching : In order to clcterrninr. t h r  c)ri~nt;rt,ion 
of thjerts WP want to nlxtch the edges of an nhjcct in 
xi1 i n l a ~ e  with tllr CCIEPS. of the samv ohjert in a refer- 
r n r ~  i ~ i ~ a g t ~ ~ ,  IVe dn that by translating an11 rc>t.atirrg nne 
of t h ~ r n  until it.s rrlf;rb ~ ~ X C I H  mntrh thr  ~ r l ~ ; r  pixels of 
t , l l ~  n t l l ~ r  i m a ~ r  RT wcll as possible. .4s m r a s ~ r r ~ m ~ n t s  
of tlw difitrnrlr~s h ~ t w r c r ~  the two sets of P C ~ ~ P  ~ ~ X P I A  IVP 

llsr t l ~ r  ~rwthorl rpportpd by Barrow et a1 '. Ona of tlw 
e ( l ~ p  images is first t ransform~d into rr d i s t an r~  Inap 
with some distance trslrlsforniation, i.r. t l i ~  rllarnfer 
nlgni ibllrrl, SPP Borgefors '. 

To ronipute the clistanre transformntiorl fur an 
in~xrp wit,ll edges, wr ralrulate the r l i s tm~c~  from C V P ~ Y  

p i x ~ 1  to the nearest. prlgr 11ix~1. Let rls call t h ~  list, of 
PCIEP ~IxPE coottlinatt.~ wc. g ~ t .  from trarlsfr>rining and 
rotxtiiig them tht. Pattern Set. 

We 111.fii1~ mi Edge Matching Function (EMF), 
which we usv to  Irlramrr tlw s i~~~i lxr i t> '  \,r.twrrrl two 

P < ~ ~ P : ~ R .  S~IIEP WP are clrding wlt l i  rlist:ii~r~s a wc:iglrt~rl 
E ~ ~ r l i d r a n  rlnrrn srerns to 1 , ~  a natural rhnirt.. Tlw 
vahlp of the EMF give5 an rqtirnation of the nlritn 

Iterative search method : Sinrr bIlp iteratirr srarcnIi 
for lninimr~m is t h~ most time rtnis~trning part nf thc 
algorithm, it, is important to fi11cE an rffiri~nt s ~ a r r l i  
algorithm. Finding a  ad ~ n a f t h  is the sarlir ns fi~~rlirb~; 
rr minimitm in the E r l g ~  Matching h~ic t ior l .  i.r. wt= 
have n ~lonlinpar optirnizatinn 1,roZ)1~ni. IP  shall writc 
the problrnl r ~ q  nn overdrtc~ntinctl nonlinear sys t~nl  
ant1 then usc thr  Gauss-Scwton rnrthnd to sc11c.c. i t .  

The Gauss-Nrwtt)rl rnrtllorl xssumm that \vr Ilarr 
s rv~ra l  funrt,ions, a11 n13~x~xi1natrly rtl1xaI to zPrn and. 
that radl  of them is n f i~~irt ion of scvpral mriahlrs. 
Tlw Ga~ms-Newton ~ n ~ t h o d  will try tr, rnininlizr rrtLry 
single distancc 1,ctwt.m tlw Prtt,t.~rn Set and tlir rcIc~s 
nf ~ I I P  whj~ct, in c o ~ l t r ~ t  to tlw EMF whirl1 rvill l ~ e  
1)xqerI on the square root of the ~ I P ~ T I  valclr of thp 
s q i ~ n r ~ m f  f h ~  rliatanres. This will cansP a srn:111 him 
in the optimal pnsition. 

P<I~ally wp wi l l  conti~ll~e a11 itrratiim until AEJdF 
i s  erlud 10 zero. b i ~ t  siricr thp Patfern St't ~ I W I L ~ S  is 
movetl tn nn exart. pixpl po~i t i r ) t~  a valur of ~ ~ 1 . 0  is 
normally not pi)ssil>lr to ilrhirvp. If w r  had a ronti~izr- 
071s fi~nct.ion to mini~rlizr inst~i~11, tlir mlur of A E M F  
woldtl decrease, when iipproachin~ a rr~iniri~tirli. I11 011s 
CMP it will rlecrcxsr zlritil i t  is r l o s ~  to t h ~  ~ninirrlilnl, 
when suddpnlv i t  will i n r s ~ x w .  Tl~i.; is r l u ~  to t l~r 
rhmgp in shnpe of the Pattcrri Set 011 translation arid / 
or rotation. IlFe can usr that ;w x sign to stop t11r i t -  
eration, heciiuw from that pc~jr~t t hp \)~Irxvitnlr of t llc 
itwittion is hard t,o predirt . 

Our algorithm shortrris t hr r-clml)~ltrrtin~~ time c -or l -  

sitl~ral,ly rornpxr~d with t l r ~  E ~ s t r s t  algrritl~tli fou11rl in 
the l i t ~ r a t u r ~ .  The snlall rail 1 3 ~  rnrrert~rl I)!: n s i n ~  
somc other rnethod n q  x Inst r o r r r c t i r ~ ~  stcp. Eyt.11 wit 11 
this chnng~  the rnpthod is n i o r ~  t lml twic-P as f*t as 
ot l~er  1nt.thods. For Inrbre rletaiIs ill)o~rt t11is itrmt ive 

IYIEP mtrt,ching method SPP Orll~.rt '. 
Ideas for improvement : Even with a w r y  gootl ~ r ~ l r l ~  
:dgoritl~m WP will 11ot l)e able t,r> rrarli the glohal I~ r s t~  
111;ttrh fro111 every start orirrltatior~. I*ut r>rlIy frolrl 



tllr3.s~ who me in the neip;hhourbood of the glol3~1 best 
~nntch. How close WP havr to he is determirl~rl Ily the 
s11ap~ of the nbject. T ~ P  very first mcl generally s& 
nl~tllorl is to check every orientation all ever the image 
in order not to miss t l ~ e  dobd best match. This would 
llowever lead to extremely long cpu time. 

The t h i n ~ s  that are invariant b e t w ~ ~ n  the two ~clge 
iiliages will tlepenrl on the sittlation wp are workiug 
willl. 011r ~lgorithrn is inknded for n robot, which is 
tn 11ir.k up Romp rn~c t~an icd  pnrts from a horizontal 
nncl surf~rce for rn assembly t w k .  VJP c a n  also 
nlnllage tlw rrnera t h ~  WRY we want and hold it in a 
known pt,sitinn perpendicular to  the ~urfacc. We also  
assrime no overlapping of the merhtlniral parts in thr  
images. hut, we will dEow them to touch rach ot,hm. 

With d l  these arrangements we will have nn d g c  
lnntrhing of olljects that just trilll~lnt~cl and ro- 
tated in the image  lane. We will try to calculnte the 
orientation of an object by using chmactrristics from 
its orltrr prig and holes. It will Ile sltfficient to do tlbis 
nrcurntely ~nnugh to be good as a s t a r t  orientation for 
the it~rrrtive n~nrrh for the global best mntrh. 

WATERSHED SEGMENTATION 

A common prnhl~rn with hinary images generated by 
a s ~ g m ~ n t ~ t i o n  algorithm is to ~ p l i t  thy domains int.0 
sninllpr ones in A cantrolled way. WIlilp it is easy to 
tlo this i ~ ~ t ~ r a r t i v ~ l y  2>9 11r~wing lines in the image 
it is n 1nr1rh mow difficult tmk to formulate rliles 
fin. this operation in a computer lanp;uage mzrl thus 
t r ~ ~ t i ~ i n r r t ~  the pro~mlure. The domains that. need to lw 
split may IIP caused hy touching parts or by objects 
with cnmpfex ~lhap~s.  

WP have used a watershed segmentatinn algorithm 
rcport~d hy Vincent and SoiUe' as the base for our 
~ l ~ o r i t h m ,  irl far t  w e  I ~ A V P  just done some smdl ,  but 
iirlpnrtant, morlifications of their algorithm for our use 
rjf this niethod. 

T ~ P  algorithm of V i n r ~ n t  and so ill^ is fast because 
it si,rt,s tlw pixels according to their va111es. After the 
sorting p h ~ s e  d l  pixels oi the ubjccts brlong to a 
rlunter depentlirlg or) their distnnc.e to the newest edge 
p i x ~ l .  Vincent trnd Soille have in their algorithm tried 
to lahel as many pixels FW possibl~ as belonging to 
the different segments anrl tn avoid lal~dling pixels a s  
Ilelonging to a watersliecl line, In many applications It 
is more itnportmt t o  know t,he wat~rvheci lines exactly 
t.han the s r m ~ n t s .  

We c m  easily change the algorithm to mark the wa- 
tershed 1i11es hetter, hy adjusting thr rules for ltlh~Iling 
pix~ln. We just let the p i x ~ l  h~long to a wrrt~rtrhed Iine, 
if nt l ~ ~ t  two neighhours belong to difkrent segments. 

We have now made the wat.ershsd lines rts con- 
11~cterl t t ~  p o ~ s i b l ~ ,  hut we have too many different seg- 
m ~ n t s .  By examining thc walw of each pixel that 
bwn lalrelled FIX w t r t ~ r s h ~ d  and comparitlg it with thp 
minimum value of the most recently l a b ~ l l ~ d  segment 
of ttllose that arr n~ighbaurs to the watershed pixel, 
we will p t  R difference bekwccn them. This diff~rence 
slionlrl excwrl a r ~ t t ~ i n  threshold MIUP, otherwise we 

will rela\x=l all pixels belonging to t h ~ t  segment inrl~rrl- 
ing the WFL~P~SIIPII   pixel^. 

I11 somr n~q,Eications (el: our)  it is important that 
t h ~  w a t ~ r ~ h d  lines are identical regrrrdl~ss of the ori- 
~ntxtion of the object. In general they will ant hti iden- 
tical CIIIP to t h ~  digital approximation of the spatid 
dnmain of the image and thus rannot he corrccterl 
ill the. procedure of the watershed segmentation. We 
will instear1 correct it by a ~ l ~ c t i n g  the pixels of the 
coiitour which are closest, to thc pixels at each end of 
the water~hed line. Ron1 thew two pixels on each side 
of thc LLwni~tline" of the o1,jrr.t WP perform ELTI itera- 
tivp s e ~ r c h  for tlip two pixels that h ~ v e  the shortest, 
tlistancc lwtwwn th~msclves, still being on em41 side 
of tthp nbj~ct. 

01tr rnndifications to thr dgnrithm of Vin r~n t  and 
Soille will give us t u ~  dgnrithm that preserves the 
lihnp and the rlumhpr of ss~mcnts  lwt,trr. In figup 1 
Itrlr~w WP rail see haw our modificated dgorithrn will 
work on an image with thrcc touching nbj~cta.  

PRELIMINARY ORIENTATION 

Aft.i=r we havr extracted t h e  ohj~cts  in the image 
anrl npplitd t , h ~  watershed srgmentrrtion algorithm d ~ -  
srribpd ~ h n v c ,  we h n v ~  to itlrntify thr  r,t,jrctrr in the 
imag .  For parh segment we r d t ~ t l a t ~  t h ~  mzutimum 
v x l ~ ~ e  of thpir distmce maps mcZ their peripheries. If 
t,Elp o h j ~ c t s  contain more thnn onr s c p e n t ,  we cd- 
P I I ~ R ~ ~ P  the distances between their centrn of gravity. 
For c)l>jectn with h o l ~ s  wt. ralctzlat~ thv l ~ng th  of t i r  
p ~ r i ~ l h r r i ~ s  of t Ilr 11oIcfi and the distance Iwtween the 
rrntra of gravity of the h o l ~ s  m d  khe cmtre of sav i ty  
nf t h ~  sepner~t. 

We h a v ~  u s ~ d  fuzzy setas, first presented by Zadeh ' 
in 1935, to implement an identification procrdure. 
In this wr cdrul r r t~  a nnrrndly CEiutrib~it~rI fuzzy wt 
 round the d u e  of each parameter mcntionrtl RI>OVP 
ant1 use the minimum rule tn get the fiizzy number of 
t h ~  prohnhility that w r  hnvr a certain olljprt in the 
itnage. For mow cl~tnils al>out t . h ~  tllwry of fuzzy R P ~ , R  

and its applications we r d ~ r  ta T~rano ~t alfi. 
When we ~ ~ R V P  identifi~d Rn o h j ~ c t ,  we must ea- 

timate rr good orientatiori of it in order to reach tllc 
&ha1 mi~limurn of the Edge MMchin~ R~nction. For 
nl)jects consisting of two or more seppents the centre 
of gravity for each of t h ~ m  will be enough to g t  a 
R ~ K I I I  estimate nf its orientation. Also for objects with 
a liolc WP ran easily find an estimnte from the c ~ n t r e  
rd gravity of thr hole and that of t h ~  a~ppent. 

Tn ~ h l e  tn estimate the orientation of objects 
ronsist in~ of just one segmrnt without holm we I ~ V P  
rl~velop~(1 a nc-w tool, whir11 we cdl  the Circle Profile. 
typ C Y P R ~ , ~  this hy constrtlrting a circle that h ~ s  a rarlii 
pqr~pll to the mmimnrn valrw of the diatmce mnp ins id^ 
tllp se~ment  and is centered at the c ~ n t r ~  of gravity of 
t h ~  OII~PI. cont,clur of the segment. Then p b t  the 
d u e  of each pixel in the distance map that helong 
to tht: periphery of the circle as a function of thp 
fifigl~ betwepn the radii dt~wn out to the pixel and 
the horizontal axis of the image. 



LABORATORY EXPERIMENTS 

So far we liavc rrssrlr~lecl that t h ~  obj~cts arr liiying 
on R flat s ~ t r f a r ~ ,  and that. the canwra is tnountpct 
in a pnnition perpendiculw tn the srirfxr~. TIM= intin1 
experirn~nts wcre done using paper siIhourt tea scanned 
by a Rxthed scanner (Canon CCC 500), whirh gives 
a pdcc t ly  orthogonal projection. But what happcns 
rlnd~r more realistic renditions with 3D ohj~rts ripwerl 
hy a camera? If the distance between the camrra and 
the S I I ~ R C P  i s  Inrg~: the situation will be pquivdent to 
an ort.hogona1 prtrjr-ctiorl, hut for use on thc s11op-floor 
we wed  to know bow the camera distance i s  r~la t r r l  
to thr acrllracy of the estimate of thc orlmtation for 
f he ~ h j ~ c t s  our algorithm gives. 

In finire 2 hrlow wr ran see thak thp position 
of the 011j~rts in t h ~  image ctdtermin~s how much of 
the nhj~rts' sides WP AW. This is b ~ s t  s e n  from the 
cylindrr in the upprr right cnrnm and the rylinrlrr tn 
tlw right is1 the ce~itre, which lmtfi have a hcigllt of 
40 mm. The cylinder in the lower r i ~ h t  corner is just 5 
rilnl h i ~ h ,  so wp c m  not see the sides of i t .  Tlw rvlinder 
in thp u p p ~ r  left corner is 10 mm high and thr onr in Figure I. An image 01 r h ~ ~  nbj~r la ,  rtih~rr thr 

pirrb of lhr wntershed lines aw shoturt in Llnrl tlie centre to tlir: left is 20 mm, All cylinders have the 
samp tliarn~ter, 18 nlm. 

The Circle Profile will haw a uniqrw shape for 
pvery 01)ject. Wc use the position ant1 d u ~  of the 
mruclmn arirl minima of thr Circle Profile in atldition 
ta tlip ~ R I C I I I R ~ P ~  ~ 3 1 1 1 ~  of the derimtiv~s ar011nd those 
point mas pararnet~rs for estimrrtin~ the orient ation. 

A p~dec t ly  sqtiare object, far rxample, will of 
rnltrsr not give nnp unique rotation, instead we get 
four syrnn~ctrical mtatinns. In caws like t,his we have 
to nrrept that t h p r ~  will b~ mow than one possible 
start oripntntion for the matching dprithm. 

Another case is when we h a w  a perf~ctly circular 
tlirc, whirh will give us no t i n i q r ~ ~  rlirrrtion in rotation 
at d l .  But in this caw WP know t,Ilnt, i t  ifi a c i r c u l ~  
disc w r  n r ~  working with, h ~ r a u s ~  no o t l l ~ r  n h j ~ c t  wilI 
nrt l i k ~  that. 

RESULTS 

W h n v ~  ~ O I I P  many laboratory tests on objmts with 
tliff~rvnt shap~s and in varying depees of cor~twt.  The 
resl~lts have hwn similar to thc example in figure 1 and 
the figl~res in table 1, which we t h e r d o r ~  ronsider to 
tw repres~nta t iv~ for the algorithm. 

nhlc  1. Figures of the example shown in figure 1 

Object Bo EMFo X 1' 8 E M F  
Disc 87.3 0.76 0.3 -0.2 -R7.2 0.70 

nanxrla -167.1 0.93 0.5 -0.7 -169.4 0.60 
2 S r ~ m  - SQ3.4 O.H3 -0.1 0.2 -104.0 0.65 

In t h ~  left half of rahl~ 2 we h n v ~  the figiir~s of 
t.lw prclinli~lmy Incations and in t,Iip right those of 
t l l ~  hest nlatrh. Fkom those figures wr  ran see that 
flip preliminary orientations of bhe objects are very 
r l o s ~  to the hest matches. The translations shown are 
r l ru la ted  from thp c e n t r ~  of gravit,y for ~rrch ob j~c t .  
For more details about our algorithm s p r  O r b ~ r t  '. 

Figure 2. A n  zrraclg*. of j 7 t ~  r.tlllndrrs rrvlh r l ~ j f c  n ~ t r  

h~zglria and drsln~trrs 6 0  Ihe irnng~ centrc. Ill~r dim+ 
tatice lo ihr: mmrm jmrn I ~ E  plnt~e i s  d l i  rm. 

From this imnh~. and also from hasic gcorrl~try. 
we ~lndprstand that the size of the pl.ojcrt,inn 
of the S ~ ~ P F ,  of tllr n h j ~ r t s  in the irna~ps is rnr*~rselv 
proportional !to t hp  clistar~cr to thp cmrra .  but the size 
is  also proportionnl to the distanre brtwrrn thr nhjrct 
m d  the centre of the irnage. and also tr, t l ~ r  Iicigllt 

of the ohjprt. WP ran I11an fnrmulatr MI eqltatlon 
consist in^ of t h ~  pariuliet~r ~ n ~ n t i o n e d  ahovr rrs 

a = p x  D / ( h  x R) ,  

where p is the proportionality factmar, n is the distance 
between the apticd axis anti the c e n t r ~  of the object, 
D is the distancc betwmn the camera and the plmc 
s ~ ~ r f a c ~  thc object are laying on, h is t h ~  height, of thr 
object, md R is the r~aolutinn in the image. 



U7e ~ R V P  testrd this by applying our nlp;orithm 
r m  the ~vlillders in f i a l ~ r ~  2 wit11 diffrrrnt distance~ . . 
hrtxvre~i the camma i in r l  ttw oljjerts. 'Itre must ~ l s o  
havt. in mind the prarticrtl rise of t h ~  d u e  of the EMF 
ill our. al~nr i thm,  wl~cn IVP choose it. Let 1 1 ~  ttqsllnl~ 
Ellat G4 'X, nf t h ~  pixels we usp in the Pattern Srt have 
$ 1 1 ~  VRIUP O and tllc rest h a w  the d u e  1. That will 
R ~ V P  us mi EMF d l a ~  of 0.6, n very p ~ o d  ~natch.  If wr 
irtstrnd have equal alnrmnt of zeroes, ones and twos we 
will ~ i l r l  111) wit11 a ~ I U P  of appoxiniatcly 1.3. Thus wp 

c.onsitE~r thr t ~ t ~ i r n a t ~  of t h ~  orientation p~rformerl I,y 
the algnritlin~ ir~accuratr when t h ~  \due  of tllc EMF 
is 1 ~ ~ ~ ; r . r  tElrui 1.3 for t , h ~  f ind match. 

Wit11 t l ~ n t  a B cr i t~r in  to d ~ c i d e  w h ~ n  the dist~ncp 
tcl the rpntrp of t t h ~  Campra is at its mxxirnl~m fur thp 

1 8  ~ I I  ~quatfon 1. The two cylinders in thr r ~ n t r ~  of tElr 
iznng~ it1 figurt. 2 arlrl the nnp in the upper left corncr 
nrc. plaretl nt distarlccs where tkr  V R ~ I I P  of ~ I I C  EMF i.9 
nlqmnxitnnkly eqt~nl to 1.3. 

From our cxprrimrrlta WP can conclude that we c a n  

PRACTICAL CONSIDERATIONS 
Lct IIR considrr what* it would mean in a real lifr situn- 
tioil. L*t 11s ~ q s t ~ m ~  that we have n plane surfare sizctl 
0.5 IIIX 0.5 m, nnd an ov~r-looking camera mounted 2 
iti  nl)ovt= the surfacr. For simplification reasorin nrsumc 
that t .h~ 1.estr111tion of t h ~  camera is 1 pixellrnm, and 
tEint the o h j ~ c t  tlistmce from tlie optird axis is no 
Innrrm t,ha~i 35 cm. Equation 1 tells us that, t h  height 
of t l i ~  nll>j~ct nped to he less than 32 mm. A higher 
ranlpra pnsition will allow wen higher objects. 

If wRnt to catinlate thr ~ri~xltat ion of the ohject 
ski11 better, we c a n  for exmple  do that by monnting 
n rarlltara in the mbot arm. ~ n d  iteratively mtwc thr 
ratiwra ttntil the c ~ n t r e  of gravity of t h ~  object in 
tllf i m n p  coincirl~s with t h ~  cenkre of the image, nnd 

111 6hat WAY p t  rid of ~ffwts due to  vwyi~lg r m e r n  
rn1~1r~ h t  us awurne the resalutinn of this rnmrrn is 5 
j>ixvls/~~lill. By using ~qrltit~ion 1 again wp mn r.o~lclutlr 
tllr~t WP IIPP~? trj move the qlticnE axis nf t h ~  rampra ta 
H position less than 14 mm from the cciltrr of gravity 
c ~ f  tlw ol>jt .~t .  

Equation 1 expresses the worst cnsr in the sen* 
tliat it assumps that you really see the sidps of the ob- 
j~ctfi. In mir pxp~rimpnts t o  d~terminr  the proportion- 
nlity fnrtor p we h ~ r l  to work hard with light mouiited 
I~rb.ricl~ t , t i ~  RrPnP to SPP t h ~  sides. This tiifirt~lty i~ d s o  
cvitlvt~t in figure 2 above, where the sidcs of t h ~  cylin- 
r l ~ l  s arr harrl to sw. With thp difrisr light timt aho~~ld  
Iir rlsnl this rhffert will he Ipss signifiratlt. 

111 ~quatinn 1 WP l l a v ~  assurncd that the shapr of 
t l~r oI)j~t-t dlange only because tlir sides of it will he 
vi?ii\>le in the image. This is not trut', ~ C C I M ~ S P  the 
s h i t l ) ~ ~  nf the n h j ~ c t ~  will change, rvpn for a very 
tliit~ n'trj~rt, when it is  movprl o 1 3 t  to t l ~ r  PI~RP?I of 
t lw irlingr, l > ~ r a u s ~  of the chmg~:rrl viewiiig anglr. A 
p~rfrrtly ~ i r r t i l ~ r  r l i ~ r  will appear o ~ a l  for rxample. 

B ~ t t  b o  1)r. drle to llanrI1~ 3D nl,jrrts one shouItl use 
;I r:nnet.n ~~iobinted as far w a y  mi pnssif,lr. i . ~ .  wibli II 
vprg 11.w 1 . ~ 1 ~  v i ~ ~ i n g  ~ n g l ~  of ~ I I P  wenr ~ f l  shown a l i r ~ ~ .  
13pra1we of that WP haw not llcw a b I ~  to memure m y  
clbn~l~e in the shrrp~s of t h ~  ol>j~r.ts (Ellr to t l l i ~  rffert. 

CONCLUSIONS 
011s 1nni11 l ~ t ~ r p o s ~  with t h i ~  work hns hwrl bn show 
that it is possil~lr to use the t = d p  matching technique 
wit 11 rEistar1rr maps to delcrtnine thp nri~rstcttion of 
ob j~c t s  for j l t d l l ~ t ~ i ~ l  ~pplicntions. We ~ R V P  shown t l~nt  
onr al~orithm can nlnringp allnnst, any kinrl of ~ ~ R J L F ) P  

of thr ol)jrctn, if we jus t  can srg111~nt t l ~  o l ~ j ~ r t s  from 
tlir. 1)arkgrnrtnrl. Tllr a f~jpr ts  may tn~icll each others. 

Our alg(1rit11in can not 11arltIIr n1,jeck~ where t h ~  
trnlp rlkw t r )  t lv  orir~~tatiori is t 1 1 ~  structttr~ 011 the 
surfarr of t t h ~  o h j ~ c t ,  for in~ltancc a coin. Fnr such oh- 
jrrts WP nwd R spparatr ap~~ronrh  tn firid t h  rotation 
11sirlg thc. edges ins id^ the o l ~ j ~ c t .  

T ~ P  lahrlrakory test of 110w we11 mir alqri thm will 
zilmlagr c~il the shop-flour shows that our nlgoritlim 
rail ill~ntify and ~ s t i m ~ t e  tlie orierlt~tion of o4)jpcts 
on R plane s t t r f a ~ ~  in most, sit~intionn. As the R ~ O V P  

arlalysis nnd experini~nts sllo~v wp ran hanrllp the 3D 
nrr~lrs cluitr well with nur lmsic~lly 2D algorithm, if 
wr just vlrn~nt the ramera apprnprint~ly for tlir t ~ k .  

Tlw fxrt that inls n i ~ t t ~ o t l  i n  I ~ i ~ h l y  mitomated and 
~ ~ m r a l  iri tlie l ~ x r n i n ~  of the ohj~tt, will rnrtk~ it raqy 
to use 011 the sflol)-floor. 
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