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I )o r r~a i l l e  clv Vol i rcc.a~~,  I t o t q ~ ~ e n c o u r t  
111' 105, 78153  I.(. ( I l~ r .h l~ay  

111 I 1 , 1  irrclc.lc., wt. tlt.sc r i l le  JIIIII~ o f  the a lgc)r i thr~~s for I)t*1,111 
,111~1 h111tio11 a ~ ~ a l y  sis WII it.11 have I)et!n cleveloprd w i l . l ~ i r ~  C:S- 
I ' l t l ' l '  prcljr-1.1 !).I0 Sl)c~c.ili~.irlly we d is r l~ss  edge c l c ~ c ~ c t ~ c ~ ~ ~ ,  
ICJL~,II 1rar.kl11p III sc.tl~~c.r~t.r<s III' Illlages, and t r inoc l t lar  at.rrco 
' I ' I I + ~ ~ ~ ~  l~rtlct.3sr~3 ;ire II~.III~ I I I I ~ I ~ ~ I I I ~ I I L ~ ~ ~  i n  I lardwitre LC) for111 
1 1 1 c .  t.orc. crf 111,. I )h l . \  IIICI~ I~IIII: wlli(:h we are developing a ~ l t l  

111 lbr<*v 141,. WI~IIISI I, ~IIIYI r c i ~ l  L~IIIC Vision capabil i t ies f t ~ r  a 
I,,I,~,. \.,rlt.l) I S [  I { ,~ IJ~BI IC:~ l ~ ~ k s .  

Ill,. I.'.IB~II l ' r t~ j t , ,  I !)I l l .  (.,tlIt.(l IA:~LII a11d b1otic~11 A ~ ~ a l y s i s  
( I  ~ h l : \ ) ,  15 i t  twrtq,t,i~tl 11rt~jt~c.t ~ I I V I I ~ V I I I ~  a 11u11111er o f  ~II~IIIS- 
I r ~ , t l  g ~ ~ ~ t l  ;I~:~II~I~IIII~ 11itrt11t~rs fro111 I.11ree diH't:rel~L c t ~ u ~ ~ t r i c s :  
I ' r , t~l t  G , ,  (;rt,;rI l ! t i ~ . a i ~ ~ ,  i1111l 11;tIy. 'I'lle I I M A  project s ~ ~ ~ ~ r l ~ * ~ I  
III ,I IIIIV l!JHfi w11 11 l l~r(.r .  III;I~II c~ l~ j t~c l i ves :  

(;I) 'I'lte recogni l . ior~, locat ior~,  and O a t ~ t l l i l ~ g  o f  pa r l s  
l'a)r ~III 111~11tstriaI assc:r1111Iy cell, 

(1)) 'I'lle 11~ivigaLio11 a11(1 e x p l c ~ r a t ~ u ~ ~  ill ,III cJlice e ~ ~ v i -  
ror1111t.111 i ~ f  a ~ r l o l ~ i l t .  r u l ~ o t  

111 I 1113 art ~t.lt., wt! c~~r~cc l~ t , ra l , c -  ~JII II~JIIILS 1 a11d 2. 'rile reader 
I I I I I .~~.~I I . (~ III IIIC latest r c r , l ~ I ~ s  0 1 1  I,~IIIIL 2'b is referred t o  
I.\ I, I.znxl 

I)II~IIIR 1111. I l rst Lwo y(:ars u f  1.11is ~ I~OJC.CL ,  we have carried 
( 3 ~ ~ ~  .I grc ..I &leal I I ~  resc.or~.l~ ,111 SIterco ;III~ M o t i o n  analysis. 
1.11,. Sl.r:rec~ work has IJ~.~:II ~~a- r f i~ r r l l cc l  wit11 the idea o f  ob- 
I.LIIIIII~ ;~c( .~~raLt .  rilllgc: Illarl,n I.CI slll1porL sllrface arid VCJ~IIIII~ 

1 4  l ~ ~ ~ w ~ ~ ~ L i ~ ~ i o ~ ~ ~  01f 1111- ~11,~et~t.s '111tl t11(: e t ~ v i r o ~ ~ r n e t ~ l .  'I'lle 

h l o t i c ~ l ~  work hiis beer1 perforlrred mostly wit11 the idea o f  
o l r t i i ~ t ~ i ~ ~ g  t h ~  l :go~r~o t ion  01 the r o L ~ t ,  l)111 ill I ,  a l ~ t l  l l l en  i t  
is l ~ ~ i s e t l  OII Steret~, wit11 t11e gc1a1 u r  ~>I)I~IIIIIII~ a fair ly de- 
~ a ~ l c t l  k i l l t .~~ la t l c  descript ion of  ;rrl c ~ r ~ v l r r ~ n r l ~ c ~ ~ ~ l  III wllit.11 n o t  
IBIII~ 11 , r t d ~ o t ,  LIII~ ~ I X J  c>tltcr ~ l , j c ~ ~ s  arc, IIIOV~II~. 111 Lo111 
c.irws, t l l r  S;IIII~ tokens are ex~r iu . tv t l  ~~IIII I  LIIC ~r~~i rgc.s  arld 
IISI:~ ici i ~ ~ l n ~ t s  t o  Lhe Stereo i ~ l r c l  hlo1.1t111 IIrtIc tas~ors  ,. 

I I s  I is I n  o r g a l  I . :  III st~cl.lcrt~s (2, 
3, - I ) ,  we clt.sc.ri11e tile a l g o r i ~  ~IIIIS wc: II;I\C c l t  :c. l tq~cd for 
I .~ I~ ; I~ ,L I I I~  IU~I.IIS, t r a c k i t ~ g  L<,LI.II> tbvt,r I.IIII~~. ,~IIII Sttareo. 
III 31.1 I 11111 (r)), wt! explain 118,. I I.II~~w,I~~. 31 I 11c.111re t*f tile 
I ) h l A  III~I~~IIII(~ a11t1 tht' I I I I ~ ~ ~ ~ ~ I I I ~ ~ I I I . L ~ I ~ , I I  III(* itlgo111l1111~ 

dcscril)cd ill stscliur~s 2, 3, a ~ ~ c l  1 

l ' l l a  decision was rapid ly  r11;1~1t% 1.1, TIICIIS OII t1111y cme sort o f  
~crher~,  nitrnr:ly edges hecirl~sc th1.y 1.;111 11c rt,l~dl,ly, r i r l~ust ly ,  
and ; ~ c c ~ ~ r a t e l y  exl.rsc~,c~rl I 'I~~II : i t s # l ~ ~ t . t ~ (  c.:, #,I' IIIIU~CS. O t l ~ e r  
t.,.l.,.ns YIICII as r v g i ~ ~ ~ s  wr.r(. II,,I ~ ' O l l h l l ~ l ' l t ' l ~  I.\ . .IIIS<! o f  t l le i r  
IIIUC~I 1owt.r ra l i a l~ l l i r y  IIII~.II:.~I) t.tll;v.l ~ a . 1 1 .  tl1011g111 10 b e  
s ~ ~ l f i c i e n t  for t11~ i r l r l ~ l ~ (  ,ILII,IIS III I I I~~II III~.GI~. ~ . ~ ~ v i r o n ~ ~ r e t ~ t ! i  
where textures, fur t . x , ~ ~ t ~ l ~ l t < ,  ~ s l , ~ ~  a 11.w.r rolt:. 

11:dges are tlG.t<.c~c.cl 11y I ; r < u l ~ t a ~ ~ ~  I~~III~~III.~I.~,III, using the 
~ e c h l ~ i q u c  d c v e l ~ ~ ~ t . ~ l  Iry ('.II,II~ ( ~ ( : . ~ I I s o ~ )  .III~ fur ther  ~III- 
proved 11y I ) t t r~ t  II~. ( , l )~1n71)  111 1),1rt1t c ~ l ~ t r ,  1)erit 11e hiis 
colrle u p  wit11 il v ~ : r j  s i ~ ~ ~ ~ ~ l t .  re, ~ ~ l - i v c  i ~ l l l ~ l t . ~ ~ ~ < ~ ~ ~ t ; i t i ~ l ~  o f  Lhe 
l i l lers  w l~ i t .h  UII~~~~UII;I~L.I) h,t> II~BL II(.~<II 1111~ ill hardware for 
tec l~r~olc)g ic~ i l  r c i t so~~s .  'I'lrc III;IJ,I~ iclc:irs ,)I' Lllc r n e l l ~ o t l  are 

'I'lle gr; ldi<.~~t t11e i ~ ~ t e ~ ~ s i t y  s111f~tct: I ( X , ~ )  i s  l11e two- 

~ l i ~ ~ ~ e ~ ~ s i o ~ ~ a l  vt:cLc~r e(.c, y )  1 ;: ( r ,  Y), :.;: (=, Y)I' a1111 is per- 
~ w u i l i c ~ ~ l a r  t o  the d i rcct ion o f  t l lc t -~ lg t .  11. In d*:firlcd o11ly 
for YIIIO~IL~I s l ~ ~ f a c e s  and  we cu~,... .. t a SIII~~OI.II~:~I vursior~ J 
tbf I ,  t~ l~ I . t t i r~e ( l  11y c o ~ ~ v < ~ l v i r ~ g  it WILII i~ n ~ ~ ~ n J 8 ~ ~ l ~ i ~ ~ g  ~rrrpi l lse 
rc :s l~,~~se K ( z ,  y): 

, . I lle twc,-clir~~ensional i r r l l ~ ~ ~ l s c  r<:.zl~r~l~se l i ( r , y )  1s b u i l t  
lrc1111 it ~ t c :  c l i ~ ~ ~ e r ~ s i o r ~ a l  rissl,lrllsr. I I ( J )  tll.rived by 1)t:ric:hc 
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~. I~ t . r c .  . I  .:IIII o arc. c t~~ ts l .a r~ ts ;  (t c o ~ ~ l r o l s  t l ~ c  w id l l t  uf LIIC, 
l i l lc*r '1'111s (ilt.er C:)IIII)II~.C~ a snlc)ol.ll derivative, t l lcrcfore 
111,. ~ ~ r l ~ ~ ~ ~ t i v c  k ( r )  c~f h ( r )  is tltc i ~ ~ ~ ) ~ u l s e  respollse o f  ii 
SIII~IIII~IIII~ l i l l e r  and wc. c at1 tako K(r ,  y) - k ( ~ ) k ( ~ ) .  Sirlcc: 

h ( s )  ;' h.(z), I)y a l )p l y i r~g  the co r~vo lu t io r~  t l ~ o o r e ~ ~ t  t o  
I (.:, Ii ( r ,  y) we hiivc:. 

0 

i J z  
( I  QD K(r ,  y)) - I B l r (z)k(y)  

it 
(I @ K ( T ,  y)) :: I @ k(z )h (y )  

iJy 

'I'llc. gracl ie~tt o f  .I cart be c o r n p ~ ~ l c c l  1); co r~vu lv i r~g  tlte 
r8,w.; (rc~sl). 1,111, ct,l~rr~tnn) o f  J wit11 11 and k. 

'I'll:* aclvii~ttngc. o f  t l ~ i s  approach is l l t a t  t111- t i l t t - r ~ ~ t g  111)- 

~-r;:l II~I~.. rc.cluirc.d Lo co~np l r te  the gradibnt o f  t l ~ e  s ~ ~ ~ o o ~ l t e c l  
IIII~II::' arc1 sc* l ) i~ra l~ le (i.e. row, c u l ~ r r r ~ ~ ~ s )  a r ~ d  tt~crc-fc~rc: orlc- 
:IIIIII:II~I~)II~I~ which is  extrerr~ely el1ic:iellt i n  tcr l l~rr o f  CUIII- 
I>III;:I~IIII. '1'111~ clisadvi~ntage is t h a l  thr s ~ ~ ~ c ~ u t l t i r ~ g  is IIUII 

1ht81 raq)Ic.: t III- clirctctions 45" and 135" t~r~elergo rltore s n ~ o c ~ t  h- 
III~, t l ~ , t ~ t  0" a ~ t t l  90" a r d  iL is expected t l t a t  edgtbs i r ~  these 
~ l l r t ~ t . ~ ~ ~ ~ ~ t s  w i l l  t ~ :  detecl.ed ~norc: acc~rrat ly  that, i n  c~ t l~e rs ,  
1111- w11r5t I ~ e i ~ t g  t t t ~  case o f  45' a r ~ d  135" 

1 1 . t ~ 1 1 1 ~ ;  I ~O I I I~ I I I L~~C~  the gradient tit eac11 pixel III tltt: i ~ r ~ a g e ,  
I~~~I,.IILI,~I ctlgc. pixels are selcctcd Oy choosir~g L:,..DI: w l t i e l~  
Irt. 10, ,II I I I ~ X I I I I ~  t ~ f  thch g rad ie r~ t  norrn i ~ t  t l ~ o  direc:~.ic)~~ o f  the 

r : 1 1 r 1 1  '1'111s is o f  course a consequellce o f  the of the Tilct 
111.a1 ill ,111 c.:Igc:, l l l c  gradicwl is lrornral t o  t l tu c.~!.,.. ,rnd i ts  
ols,r!ul rt.is<.ltt.s 111ert: a local III~X~IIIUIII i t l t ) ~ ~ g  a crc,ss-se(:Itt~~~ 
I , I ~ ~ , I I  ;:I,~II 11.a : I i re~ . t i c~ r~ ,  

U III~II tl::.:li~~g w i t h  discrete images, 1.0 (It:eidc wII(!LII~~ i~ 

I*I\~ I I IS a Ic~(~iil III~XIIIIIIIII o f  t,11e gradient Itc~rng III LIIV 
~III~I~~~II~III o f  t11e gradic:nt C we have t o  ( lo  two  things: 

I I)<.c.~clc UII L11e size o f  the r ~ e i g l ~ b o u r h i ~ u ~ l  o f  11 wit11111 
n l r i ch  we wish it Ib I J ~  a n ~ a x i r ~ n ~ n ~  ; 

2 ~III~I! t l ~ c  t l i rect ior l  o f  t l w  gratiiertt tloes n c ~ t  hll neccs- 
s.:rily UII real pixels, we rrtllst i11ter1)olaLc t l lc  g r a d i t t ~ ~ t  
vir l~los which arc known only a t   he 1)ixcls. 

III IIur i~~~~)lc.rr~er~tatic>r~, t l re ncrigl~bourlroocl is taker1 to  11c- 
I 111. 3 . :I ~ ~ e i g l ~ l r o u r l ~ o o d  o f  p ixe l  A ant1 gradic~rt,  values are 
l t ~ ~ ~ . : t r l y  ~ r~~ ,e r l~~) Ia t ,ec l .  Fur exantple, 111 1,'igtlre (2 2 ) ,  Llle grn- 
11tt.111 It(,rIlt i r t  p ixe l  A is con l l~a red  t o  the grat l icnt Il:lrrla ;it 
IO~II I IL~ I {  ancl C w l ~ c r c  t t lcy have IJC~II c:c~rnpc~tcil by l i ~ lea r l y  
1 1 1 I ~ ~ r 1 ~ o l a t i n g  b e ~ w ~ e r t   he va1uc.s d l  1)ixcls A3 ant1 dl for 11, 
.111t1 117 an(1 Ab f t ~ r  C .  l f t h ~ :  va1111: at  ,4 is s t r ic l ly  rnoro t h a ~ ~  
111c. v;~lt~cu i t t  11 and C ,  t h c . ~ ~  pixol /I is trtarkcd as a l l  r l lg t -  
IIIAI'I, IIIIII-rwisc. not .  

III ~~r.rc.l.ic.t~, L l ~ i s  is IIUL s ~ ~ l l i c i t : ~ ~ t .  l ~c rause  l o o  rnarly etlgc: 
I I~~ I I I I~  arc clc:tcc~ed, cspcc.~ally ill rt:gicrr~s where the contrast 
I I I f  wc. want t o  ( : t ~ t  d c ~ w ~ t  IJII l l t c !  IIIIIII~J~~ o f  t:tlge pixels, 
WI' 11111~1 a1111 sc~~r te t I ~ r ~ ~ a l t : ~ h l i ~ r g  c)pcratiun. 'l'hresholc1:r:g is  
.I ~ ~ l i t g l ~ c .  w11it:h POI)SII~I' ill Illally ,Ireas i n  e~tg i r teer i r~g but. 
1- I S ,  ou r  k111~w1c:ilgt: :III~IV~~~II~II~II~ a1111 IIIII:~~ lx: twklt : t l  s i t11 
'.IIII~,I~~. lI(*r(. 1.111, i t l t . i ~  IS (,ID h t . ~  11 IIIII~ the edge pixt:ls for 
H~III 11 1.111. p,r1:d1t.1tl l tor l l l  I-, .:IIoY(' LI~BIIIL. I hrebttold ' r .  I f  we 
-1.1 'I ' I,OII II,W, 1111-11 t o 1 0  II~,III> 11iit.l:; arc s t i l l  1)rt~st:nt ti11c1 i f  
nc. w.1 i t  L<)IJ t t ~ g t ~  L I O ~ ? I I  c ~DI I I I I~ I~ I .~~~~ ,11t:i11s o f  edge pixels s la r t  
0rc.iihlt1g i l t l . , ~  s ~ ~ t i ~ l l c . r  ~:II~LIIIS \vIII~.II is l ~ i g l ~ l y  undesirablt-. 
'l'ltc I~ns~c:  ~IICS~II>II l.l~~.r(~(;,rc- 1.. . IIO~V we (:11e>ose 71 ? 'I'tlcr~. 

1111 goo11 ~IIISWI:~ 1,) 1.11is (11tt~s1.1~~11 i t r ~ d  t11e choice o f  7' IIIUSI, 
111, g111~11*cl 1,y 1I1e a ~ q ) I i ~ ~ a t i ~ ~ r ~  i1r111 l111, I t i g l ~ t ~ ~ i t ~ g  cor1~11t.ic111s. 

A variiint. o f  t11is t l ~ r e s l ~ : ~ l ~ l i ~ ~ g  ~:li,:i Itiis 11t*er1 111tr~1~111~:c!cl by 
(!army ([(:arlH(il) and is t ::llccl I1y5lc~rc-;is t l : reah~~l( l i r tg I t  is 
I l~carl t .  t o  keep 11tc eilge [ti '81s c ~ ~ ~ ~ r t c c l r ~ l  ,:a IIIII~ 11 as j)~ssiOle. 
'li) achieve t l t is gual, we us(! IWI) thrc:s l~t~ l~ ls  'Isl iin i l  '/:1 wit11 
,, l2 < TI. I f  we t l ~ i ~ t k  o f  a c11ai11 111' (.~BIIIII:(.I~.I~ etlgc- pixels as 
a whulc t l l e r~ ,  i f  for orbe p ixe l  irl I.III* c l ~ i l i ~ ~  1.l1c gr iu l ier~t  norn1 
is higher than  we w i l l  kc1.11 ill1 1 ) i ~ c . l ~  111 ~ 1 1 t h  cltaill w i t h  a 

gradiorlt norrrt larger t h a r ~  1111: 1crwc.r r . l ~ r c ~ ~ l ~ ~ ~ l ~ l  'I>. 

I:or reasons o f  c:orlipactness, arld l)c.ca~~sc. the ortJcc!sses t l t a l  
come after tlrc. edge detecliorl 1111 no t  r l t ; ~ ~ ~ i l ) ~ ~ l a t , e  i i r~y t l t i ng  
b u t  the ei lgr pixels, iL is rc:;tsc~~~nl~lc 10 ~IJ~III(~I~II the irnage 
gr id  by l i n k ~ r t g  t o g c t l ~ c r  t l te c c , ~ t ~ ~ c c t c ~ l  \.clhc. 11ixels ancl keep- 
i l lg  only the co1111ocLcc~ c Il,:illa. 'I'llc.sc c.llail~s c.slt I)c x t r i ic tcd 
frorn tile I ) i~ la ry  edgt. rllal) ~rrt~cl111.1~~1 .m I I I ~ I~  .ttt:d ill t l te pre- 
viull:, s e c t i o ~ ~  l ~ y  a SIIII~,~(. rks1c.r :>t.;u~ i~lg~,r111111t for WII~CII i t  
is o l ~ l y  rlcvxssary t o  cxl,lc,rc. t111. i111agc. OII~ I.. ' l ' l t t -  tlc:tailu o f  
the a l g o r i t t ~ ~ r t  ;ire [:ivcb1t 11, 1(;11H71 

2.4 Approx i l~~a  t i i ~ g  t . l ~ c !  c : l l a i r ~ s  w i t  11 sclg- 
r l l o l l t ~ s  

As a rllearrs ol' r e d u c i ~ ~ g  the i11for111.11.itr11 e1.c.11 l ~ ~ r t l ~ ~ r ,  nee 
)lave i r r ~ p l c ~ t ~ c ~ ~ t e d  an a lg t r~ .~ l  ~ I I I  Ll lal  ~.IIIII~III~.~~~ ii ~~., lygonal 
a~)prux i r t~at ior r  of t l te edgc c.h;rirts. ' I ' l~is ,:lg~,ritl:r~l was twig- 
irlall)' clevc-lo[~c (1 by l j c r t l ~ c ~ c l  ( I  1icrbl;l) 

( i i ve r~  a seqlrellre o f  i~~ l i t ges ,  ill orcler 10 li1111 tl te t.g~)rnoLior~ 
u f  1.11~. r ~ b u t ,  one Itiis t o  cst i~b l is l t  c c ~ r r c s l ~ c ~ r ~ c l c r ~ c ~ ~ ! ~  be twee~ l  
Lul ic~ls i r ~  i~~~al;c!a tdkcrl at. dilltrc.nt 111111~ (11.'1.'l'871). 'l'ltiu 
cal l  Ire ac11iovc.d by t r a c k ~ ~ ~ g  I I I I ~ V ~ I I ~  o I+~<c. ts  111 ~11e w.clte. 
O u r  a l~ l ) ruac t~  uses t , l~e l i r ~ e  SI!~II~I,II~S e ~ ~ r r c ~ : ; ~ ~ c ~ t ~ ~ l i ~ ~ g  1.1) the 
t.11gc.s extrac.tc:cl fro111 t l le  s!.cr~c (scca 3c.c II~,II 2) IIL)\v(~ver, i t  
is wo1Ll1w111It~ Lo II~ILC 1,11aI. o~,Ilc.r 1c1kt.11~ $11, I t  irs 1~oirtt.s I J ~  

i ~ t L t ! r ~ ~ s l  (c.orncrs, Lriplc: poit11s .) e i r~t  111, I t,11>1<1cretI w i t l ~ o u ~  
a l l i ~  I i ~ ~ g  dec:ply t l lc  i l l g t , r . i l . l ~~~~ .  

O u r  t r i t ~ I , i ~ ~ g  a l ~ l > r o a r l ~  is 1)ic~c:el ,111 i t  I~IIIII~~~II~~~~III uf a 
I ~ : I ~ I ~ I J I  s t  a 1 1  a 111at111rg r e  1ial111an l i l ~ c r i ~ t g  
In t lse~l  111 11c.111 t rark i r tg  I J ~  l l r o \ ~ t I ~ r ~ g  rt.ita1111i11,le ( :~~ I I I I~LUS 

id' 1.11t. rt:piu~t wl:t:re t l lc  IH,IL~IIIII~ I>rclc(,ns 11i1.j t o  s(-t:h R)r a 
l~:,bsil)le r~tir~.cIt IJC:~W~I!II ~I,~C,II> '1'111s i $ l t * i i  is 1111ite gc!nc.raI 
a l~c l  l ~ a s  1)cc.n 11scc1 ill sc\ft.ri~l J I ~ I ~ I I ~ S  III t. l t t .  I )hl . \  ~~ro j ( :c . l  (SCC 
~ A I " H ~ , A I ~ X U ~ ,  rur axarnrl,lc) ( : ~ , r r , . : ~ l ~ ~ , ~ ~ . l c . ~ ~ c c . s  ill 1111. seirrch 
ilrt,;~ iirc! I;JIIII(I thre111g11 1.11t- II:;~: cbl ;L >III~I~:II i ~ y  f c ~ l l c t i ~ ) ~ ~  I ) i t ~ c * < l  
,111 fc ir t~tres ,.I' L~II! li111. W~III~~III> WIII 11 w ~ t r k i ~ ~ g  nit11 il 
large sc.tl:~er~cc~ o f  f r i r r~~cs ,  il i:, 1)(~,~,1)1c 111.tt sutne '~lqt:cts 
I I I ~ ~  ;tpl)tb;:r or  disap1)c~ar ~c~1~11ly t ~ r  l ~ ~ ~ r t . t , ~ l l y  , m r  I~,IIIII~III 
fi1tc.r111g 11asc-(I ;111proir~~l1 i:llt~ws 11s 1,) 11:111tllc. t.111~ ~ ~ r ~ ~ l ~ l e r ~ t  o f  
uc:t.l~rsiu~t 111 ,I t, l l i .c l iv~. way LIII~L. 11 ~ )~I~~I I Icc~~ a ~ ) ~ ~ e ~ l i c L i u r ~  o f  
l l tc  II~II~IIDII 
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,\ I\~~~III~III Ii1tc.r is useti t.c~ aid tritt k ing by l ~ r o v i d i ~ ~ g  rea- 
W~II~III I~~ I - S L ~ I I I ~ I ~ ~ ~ S  o f  111th rc!gio11 wt l t~re 1t1e III~I.~IIIII~ procc!ss 
11.15 I,, 51.0k L l r  ii ~)ossiI) le 111atc11 ht:twc.er~ tukrl ls. 1ial111a11 
I ~ l l t . r ~ ~ ~ g  1s i~ sta l i s t i c i~ l  ;~rr[woacl~ 111 c.sl.irl~ate a 1 inw-vary111g 
I I v r  . r o t  I t ras1 r t11e111s  Z I:or arl exc.c:l- 
~ 1 ~ 1 1 1  l ' h ~ ~ t ~ ~ l L I t l t 1 ,  Slbl, ~ . ~ i 1 ~ 7 0 ~ .  

( '~III~III~.~ 1111. cnsl IIIIH~.IOII o f  .Yl t frorn t l le  I l ~ t : a ~ ~ ~ r c ~ l ~ ~ t : l ~ L s  
111' 181 1I1t- 111ht.il111. I, K.I~III~III fi l lc.rir~g is a reclirslve c!stin~atior~ 
5, I I~~I I I~~ ~I~,SI~IIIVI 10 III~II~II 1 t 1 e s  cIyna111i~: s y s t t , ~ ~ ~  111o~It!l, t l ~ t a  

-1 .,I 151 1c.s ( i f  1 11c t.rror I,rl wet.11 t.llr I I I < J ~ C ~  a1111 r t -a l~ l y ,  a1111 
lilt, 1111~x~rl.ii1111y , ~ s ~ o ~ ~ ~ a t c ! ~ ~  wit.11 t11c l r ~ e a $ ~ i r ~ ~ ~ l c ! t ~ l s ,  

111 ~ I I I ~  a l ) l ~ r c ~ i u ~ l ~ ,  ii Kii111lii11 f i l ter is I I S ~ ~  se!paratc!ly ~JII 

t. itt.I~ t l~c. livt. I ) ; l r ;~ l~~otvra t1c.f l ~ c d  al,cjvct t o  c.sL~r~lalc a stale 
\<, I  l ~ s r  WII~I.II ib >i1111>ly l h c  ti111e v i t r y i ~ ~ g  IIIU~.I~II [ ~ a r a l ~ ~ e l e r s  
#,I 1111,  rvnt 11a111cly 1 1 1 ~  l ~ ~ ~ s i t i o n ,  the velocity a ~ ~ d  thc! ac:rcl- 
1.t.11 I~III I.,, IIIC j~ , t r i I I I I c l~ rs  c a11d d ,  LIle a l ~ g u l a r  posi l ion 
,IIS,I 1 1 , ~  ,:III~II~;I~ v t ~ l ~ ~ c ~ ~ l y  for tile I>i lr i~i t l (*Ler V i i r1~1 t1111y L ~ I C -  

IIO:.IIIIIII I;I~ t . 1 1 ~  I~i~ri~lllc!t.c-rs I tsr~glh I, and rr lagr~itudc ur the 
l: l~; l , l l l . t l l  (: ilshlll l lcll 1.11 Ill. e1111sLat11. 

'1'111. l id1111~i11 l i l tv r  t v l t ~ t t t i o ~ ~ s  t~sc-cl 111 1111s IJ~ I IX *~  i ~ ~ v c ~ l v e  
( 1 1 - t  I~,II, I IIII~, atty~a. Sl,al,v vu tor  n o t a t i o ~ ~  is USI*,~ s11c.11 l l ~ i i t ,  

\ /  ( , ) 1s I 11c. ~,C)S~IIC,II, velocity, allel i ~ c c e l c r a t ~ t , ~ ~  

<,I I 11,. l , . t I . t l~~t~t t . r  t ~~11:~1~1~~r1~11 ( ~~,tl,V,/,,or 6') ill, LIIC lLl1 I~III~! 

.,I, 1, 'I 111. tii11111~ti1 hl1t.r (.a11 l ie vit:w(.cl ; l ~  c u ~ ~ s i s t i ~ ~ g  o f  1l1e 
~a+lla3\blll~; hlt.[ss: 

'1'111, IIIII,!~~ of t.11,. sys1~111 tIy11i1111ics is: 

'l'l~ta ( ' rror o f  ~ I IC  1111,dt:I fro111 rc!alily is given I,y W1, a 
L(,~(I-III(.~III wl l i t t .  (:~IISS~~III ~ ~ r o c e s s  o f  c ~ v a r i a ~ ~ c e  ()1 : 

'Pi,, I IS ~ l ~ ; t t r i x  w111t.11 (.voIv(.s ~IIC l ) u s i l i o ~ ~  X ,  the vc- 
1ani.11~ r dl111 1 1 1 ~  a c c ~ ~ ~ I t ~ r i ~ t . i u ~ ~  i fro111 one ti111e sa111p1e 
1 8 3  a ~ ~ ~ t , t I ~ ~ r .  I t  1s eaby 10 verify Lllat a ~ s u r r ~ i n g  a IIIU~~UII 

WIIII ,.~III~L;IIIL ac.c.clvri~lit)r~ Icclcls 1.0 the fo l luwir~g r ~ ~ d ~ r i x  

J'.\, 

'I'ltt, I~I~.A\II~~.IIICII~ IIIO<I~~I ~ist:tl is: 

III our  i ~ ~ ~ l ) l ~ c . i r l , i c ~ ~ ~ ,  1l1r III~~ISU~(~LIIC.IIL IIICJ~I<.I Zl iiss11111~1s 
t l t a l  t l ie  pt)si t ion 1 ( i  e t11e v;1111t! o f  c , I ~ ,  0, I, ur  C:) 
IS 111cu11v,tL1c fr1,111 t . l~e I ~ I  ,It 11i11g 1)rort:sb w l ~ i l c  ~111: ve- 
luci ly i a11c1 l l ~ e  acc:c.Icrirl.io~t i arc nuL. 'I'l~t*rvfore XI 

is t11c sciil.tr c o r r e s p t , ~ ~ ~ l i ~ ~ g  Lo 1 1 1 ~  1 1 ~ n i t i t 1 1 1  I atid Rl 
is si1111~ly t l ~ e  I ~ l ~ c e r L d l i ~ t y  0 1 1  I (;II~#I)SIII~ t . l~ i s  ullcer- 
L a i ~ ~ t y  i n  a ~ l ~ ~ i ~ i ! ~ ~ ~ r  ~ ~ l l e ~ ~ l ~ i ~ ~ g  o l l r  :I lar~or i  I ~ ~ I I I I I ~ I L ~  o f  
111c. a r r ~ o t ~ r ~ t  o f  ~~a,ist- 1.0 I)c t.xl>ccla..l fr,,t~~ 1111. ~~ r t sv ious  
sLt:p ( l ) i g ~ t i z i ~ ~ g  c l f t~c ls ,  ctlgt: t 1 1 , ~ t ~  I IUII i11&<1 1 ~ ~ 1 )  gaJl~a1 
~ ~ ) ~ I ~ ~ J X ~ I I I ~ I L ~ ~ J I I )  lc.ad:; LC, dc:al wi1.11 $1 ~III'III ~ ~ r ~ t x . r ~ d i ~ ~ t y  
Lrr L l ~ e  pararlletcrs c ,  O d11(1 (;. ,11111 a Idrgt. 1111c.~ttai11ty 
for t.Ilt! u ~ ~ r c l i a l ) l c  paral l~vtc,rs I, d11t1 11 t111t- t u  tilt: r a w  
do111 clfects w h i c l ~  I~ re i t k  IIII~ S(~~II I~, I ILS 

- t r / t  I *i,i 1, t i  111 1 

Af ter  the ~tlc:uurcrncrlt a t  l l t l lc  1-  I 11.u 1>e<:11 tIcrtle, I l l i s  
t i ~ l l e  11p1i11.c c:c111atior1 l)rc-tl~c.ts LIIV hystt'111 s th t r  it( L I ~ I I ~  

t fro111 the as t~~ l la t .eJ  val~ct.s of  I lie sys1.1~111 s la te a t  t i i ~ l c  
1 - 1 .  I n  ou r  ap l~ l icat ion,  L I I ~ ~  ~~II~I I IOII  11rctI11 I s  I,IIc vi1111c 
f<)r z a t  t i t n t ~  1 frtb111 111~: i r ~ f t ~ r ~ t ~ i t l i t ~ ~ t >  i ~ \ , a ~ l ~ t l ~ l c *  i ~ t  l i ~ r ~ e  
1 - 1 .  

Covariance  r re diction fur s ta le  v v c - t ~ ~ r  . 
I' 

111/, I = *t,1 11'1 111 1qJ l . I  1 1 (21 1 

'I'his e c l u a ~ i u l ~  gives the sl i l t ist ics r l . l a l i~~ t ;  the c ~ t i r l ~ a t c c l  
state vect t~rs  t o  the ~ r r ~ r r ~ e a s ~ ~ r i ~ l ~ l t *  ~ l l t - i ~ l  stat.cb vectors. 

Covariarlcc ~>redi<. l ior~ fur 1I1c. I~~c.irsl l rc.r~lt . l~t veclor: 

Ultl --- llllJl~t l l / T  I 14 

' I l l i s  equation gives t11e s ta t~s t i cs  ~f l l ~ c  c s t i l ~ l a t c d  
1111>dt!l ~II~~:ISU~~~III~:II~. 111 o u r  a l ~ p I ~ i ; i l i o ~ ~ ,  i t  ~ I e l e r ~ ~ ~ i l ~ e s  
t . I~c .~curc./t oreu fur t l tc 111:1tt IIIII!; lsrocxa:;> 

:~ IJll1 1 1 / ~ ~ 1 1 1 1 ~ 1 / 1  I 1{11 
, I  I l~ij eq~rc l l ior~ i l ~d ica tcs  l ~ u w  1111it.11 1.~1 WPI~II~ eac11 flew 
IIII.~SII~~!III~!II~. Nu1.e t l l a l  a s111a1l IIIIC , . r ( . ~ ~ l ~ t y  Itl ( pre- 
cimt ~ ~ ~ e a s t ~ r e ~ ~ ~ c r ~ l  ) causes a large wt. igl~l. i~t l :  K1 a r ~ d  
~I~t ! rc fur l -  lcilcls t u  a ~:orrec:tcd st i t le e s t i ~ ~ ~ i ~ ~ c -  ~ I c l t : r r ~ ~ i n e d  
111~i11ly by 111e ~ ~ ~ e ; i s ~ ~ r ~ : r r ~ e r ~ t .  A large 1111ccrt;1i11ty 11'1 
Ciill>ttS i~ s ~ l ~ a l l  wcsigl~l i l ~ g  K t .  
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III~,I~~II* r o l , , ~ ~  
llcor I.,II 11 LI,~I.II o f  111c I I I I ~~ I~  II I I I~~~,~,  4 :,(~Icctror~ u f  the re- 

111 !.& ,.. I 1,) 3 ;arcs 4 ~ o w ~ ~  1111. t a ~ t r a ( . l ~ ~ l  IIIIC W~III~*III.> OII 

~,IO)II wh(*rc. ~ 1 1 1 -  I I I ~ I L ~ ~ I ~ I I ~  process hds LU seek fur a j)ossil)lc: 
il > c l ~ l l ~ l l t  e t)f 3 l l l l ~ lg t~s .  

III.II~.~I 1)1-1.wt-c11 L~)~I:II> 12 ~,rt ,vicl t~~I tl1rt,11~11 the IIS~ a si111i1 ,r- 
11) IIIII~ I.~~)II ' l ' l~ih ~IIIII.II~BII t1stss 1111. ~ ~ ~ ~ ~ , t : r ! , i i i ~ ~ ~ i ( s s  l ) r (>v~Jct l  
1.) 111c liir1111i111 iiltt-r111g sl.1.11 UII 1.ilc11 c!hl~rnalc. IL allows 10 
ht.1.11 al l~ly I 1 1 t h  Iokt*~~:, WII IIIII 1 II(S s ~ * i l r ~ . h  .rr(.a. 11 scure for e i l c l~  
1 (,I r r s j ) t ~ r ~ t I c ~ ~ c c  is 111t.11 ~ . i r l ~  IIIHLC~ ill u r ~ l e r  Lo d isar~~t) iguate 
>4BllIl' I~~ISSIIII~ ~IUILI~II. III;III.~II!S, 11si11g a difference rnea..ure, 
'1;) IIII~ (arid, we 11st- i t  I I O ~ I I I ~ ~ I L ~ ? ~  11ista11c:e between the LI* 
h1.11s tlt.li111.11 its a w c i g I ~ I ~ . ~ l  311111 III d i l ~ e r e ~ ~ c e s  be1wee11 ~IIC 
I~.~~II. I  l i v e  j) i i r i l r~~t.tcrb \.I~II(:L. 011c:c it t ~ l k e n  f ru r r~  the cur- 
11~111, f r i i ~ t ~ t :  Inas 1)1*er1 III~I(.II(:II, we! IIW 11,s para1rheters a3 ii 
I I ~ N  t l1tw~urta, l i r s l  I.IJ 111)1l~rLc~ IL> c i ~ r r c s l ~ o ~ ~ d i n g  sLalt! vtv.lor 
;LII~I s1.con11 I.II 1)rt)virlt. 1 1 1 1 8  .;t.;ircl~ arva where the r r ~ a ~ . c , l ~ ~ ~ ~ g  
lwt*t,tssh Ili* t o  11,c)k f t ~ r  ir l t a ) ~ : ~ ~ l ~ l t :  111illt.11 l )eLwee~~ tile i ~ r ~ a g c  
I lc~w 111otIt.1 i~11e1 the ~ l c - x l  f r a ~ ~ ~ c *  

r a 1 0 all11 I)vfort. 1111. tr;rckir~g a t g o r i t l ~ ~ ~ ~  cal l  cq,t~ratt. 
(.II~IL IS ill tilt. I ) o o ~ , h t r i ~ l ~ ~ r l g  s1c:p all11 e;lc:h tilrlc! t t l a l  ,I 11c.w 
I.IILI.II iqll)c!itrb, LIII- III~ILI.~IIII~ i i l g o r i l l t ~ ~ ~  I I ~  110 idea whc-re to  
It,trh I;>r I.ht: I I I~L~.~I I I I~  I)rtu ~ S S .  ! I ' I~crck)r l~, a sol o f  i11il.ial 1)cr 
~I~IIIII v t . l~~~ . i l . y  arltl i i t .c~~lc~r i t l . ic~r~ gllc.aschs is 11sc.cl 1.11 i l ~ ~ l i a l i r c .  
I ~ r i k i r  I 'I'l~ir IS t l c r ~ l r  I)y c t ~ o o s i ~ ~ g  ao~~~c*wha t .  
< r r I ~ ~ ~ r i t r ~ l y  vnI111.i i ~ , r  11, . III,*ILIIIII vt:locity all11 ac.c.eI~.ratit,~l 
IIIII ~ISSI~IIIII~; I ,~rgt,  11111 1,rl,i~1111,y su L111!sc i ~ ~ i l i a l  V~LIIII!~ wi l l  
II<,I 01. wcigltl~.al I,c.ilvily ira I 11,. r ~ ~ e a s u r e r ~ ~ c r ~ t  process co111i11- 
I III tBttr ;IIIII~II~~II~OII, LIII* posit ion is set 10 I)e c:urlsta~lt 
w111lc. I l l c .  v t . l t~~ . i l y  irrld IIII* ircct. l t !rat iu~~ arc sol. l o  xcrc,. 

'1'111. sc.iir1.11 ar1.a 1s t l t - l c r ~ ~ ~ i ~ ~ c t l  thro l lg l l  a s i ~ ~ ~ p l e  JI:L o f  
.II.I~I~)II~.I. I.I.:,I~ II~III~ 1,111. rt:>1111 o f  [,he Ka111lal1 f i l l c r i ~ ~ ~ .  ICor 
v.16 11 111ker1 k ~ f  1111. IIIICI~I: l l t ~ w  III~~I~I!~, represe11Lec1 by a ft!alur~* 
\l.*.tor a>f 5 ~OIII~)\III(.IILS, wtl wis11 LO know w h i c t ~  ~okc-r l  r r l i g l~ t  
, ~,rr(.l,c,~ld 1.1, 11. '1'1115 is II'III~* ~ I l r c ~ u g h  the I IS~ o f  u s i ~ ~ ~ l ~ l e  set. 

a ~ ~ ~ r ~ l ~ ~ ~ ~ t .  I(.>I> II~III~ tl tc c t ~ r r e l ~ t  va111t.s o f  1111, ~ ~ l ~ ~ a s ! ~ r ~ * ,  
I l l ( ,  ~ ~ x l ~ t ! c ~ e i l  vii1111: o f  L11i; I:~)~II~~JII~~IIL ,.II~I i t s  u ~ ~ c c ! r t a i ~ ~ l y  
'1'1115 It.acls 1.0 ~ . i r l c ~ ~ l a t t .  I.lte M; iha l i r r~t~his  dislallc:e, ex l ) la i r lc~ l  
III.~IIW, for t!;t~.l~ colrtponcsIIts ant1 l o  declare a toke11 of LII~ 
II~,* ~~,IIIII. i ~ ~ ~ i t l t -  ii at!arcli arv6 i  ir a l l  1,I1c 11iSti111ce> itrc- 11.5s 
I II~III i~ l ix~ ! t l  I l~rt*:,l~c~Id, 

, , I II(. c o r r t ! s l ) t ) r ~ ~ l t ~ ~ ~ r o  IS c:o~~lrt,l lcd by the use o r  a r l o r~ l l a l -  
~xt.cl ~l isl .ar~c I)asc,d or1 t l l c  a t t r i b l~ t . cs  o f  e a c l ~  l ~ r l c  S~.~III~IIL. 
$ 3  

1111s t l is lal l~.c works ns a ccwl f ~ r n c t i o r ~ .  I t  is calculatccl for 
1.i11.11 p ~ ~ s s i I ) l t ~  11litl1.11 a1111 LIII! l)(!sl score is 11sed l t )  valitlatt! 1,111- 
I I I S ) ? ~ ~  ~ . o r ~ s i ~ , I t : ~ ~ t .  111 S<!I(:I.L~II~ a cost function fc~r currt:sl~oIl- 

l ( 1 ;  , ' I )  (,I:,, A ( 7  7:) 
'1'11,. t l ~ l l i . r c~~cc :  1)1:twec11 '/',,, arltl ' I :  is c a y  t u  c i i l cu l i i ~e  ft,r 

'I'tic! t r i rcki l ig is I I I I I~L~~I~-II 1111. II?,II I 11t. IIIIIII~)~!~~ ass ig~~e t i  
11) ~.;rch l ine segl111811l. ,4 c.lt,sct I t ~ t J i  ;tI 111r rc.sl~lls rc-veals how 
SI,IO&~ l i l w  segrllel~ts car1 ;rpl~c~itr 8,r c l  ~>;rl)l>c,ar A'rtcw 1ilt)cl is  
all'et.~.~:,! :is SOOII a. i~ III!* st ~III~,III ,sl)lwars ,III~ I 1 1 t b  prot:e*s 
c o ~ ~ t i r ~ ~ ~ e s  w i t l l o l ~ t  .IIII.I.IIIIR ~ 1 1 1 .  ~ r ; r t . k i ~ ~ &  i ~ l g u r i ~ l ~ ~ r ~  A 1at)el 
c t ~ r r e s p ~ ) ~ ~ ~ I i r ~ g  LC) i~ ~;II~#J I r t , > l ) < ~ ~ ~ t I t * ~ l c e  rt!111,ri113 J t i r i ~ ~ g  a l l  
tile I ) rwcJs ~11111-  f .~lsc I . ~ , ~ ~ ~ . : . I ~ ~ ~ I I ~ I I ~ I I I . I ! s  arc ~I.IIIIIVI!~ clrtcr 
I l1r~18 fri1111cs g ~ ~ ~ ~ t ! r * ~ l l y  11 ~IIISIII<I I),, 11t~i11ted t)ut ~ I ~ i r i  tilt! al- 
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2 11  wI)rhh 1'ilht.c.r I.II~II L i l ~ o c ~ ~ l a r  ~ t e r e u v i ~ i ~ ~ t ,  i f  11111- I'X- 

1 . 1 1 1 1 1 ~ ~  1.11c. i ~ t ~ a g t ,  pr~:pruc( :sh i~~g (edge ex t rac t io~ t  and 
IIIIAIII~) WIII(II IIIIIS~ IJ~: ~e.rfor~ttt :d i n  par;tlltd for t:anl~ 

, . 
l l l l i l~ l~ 1 y ~ ) l l ' i l ~ ~ ~  1 1 ' ~ ~  ~ t l ~ l l l  2 SW'OII~~S L O  1 1 l i i ~ l ' ~ l  ~ ~ ) l l l l ~  :! 
I11111 111*,.1s 

I 1 1  IS 1114,rv r1111t1st l o  c r r ~ ~ r s  111a11 I ) i t ~ o c ~ ~ l i i r  s t t ~ r t ~ ~ ~ v i ~ i c ~ ~ ~  
1,c.c ilcrsc. 11o1sy o r  o ( . c l ~ ~ d i ~ l g .  I ~ o ~ l n J a r i r s  w l ~ i c t ~  arc- of- 
11.11 IIIISIII~I(~.~II-~ I ly I ) i t~occ~l i t r  s t e r ~ o v i s i ~ ~ l ~ ,  art. r( . l i i t l~ly 
~ ~ l ~ t v . h ~ ~ l  11) 1 1 1 ~  t 111rcI t.ittllt:ra. 

!I II IS ;i> gc.t~c.ri~l ;u IIIC 111cl.l1ud f ~ ~ r  two  ciilrtcr;ts 

, < I IN, 1,t11ir(> I ~ I I I ~ ~ I I I ~ I ~  i1~)11ro i i~~l l  ad well a 111ost o f  1.11~. 

IBIII~IIIII.LI I,xJ)(.~IIII(*~II.~II r(.s~lll.s i l rc reported ill ot.ller I)illlc.rs 
I I ,  1 1  I I l . 7 ~  lltar(., we g i v e o t ~ l y  a S~IILIII:LII. 
~> I~~~~~I I I ,~ I IO I I  t ~ f  1 I 1 e -  l r i 11<~111 . i r  i t l ) p r c ~ i i c ~ ~  i l 1 1 c 1  1111. rt*s1111.s 

I ' l l : ~ ~ r c  I s l ~ r ~ ~ h  LIIC geuI11~1ry o f  t r i l locu lar  J ~ C ~ ~ U V ~ S I O I I  WC 
II.ILI. 111rcv. ca~l l t-r i ts, t~~t~( l<. l lcc l  by arl opt ica l  c c l ~ l e r  (!, allcl 
I I I I I  I I I  I (;IV(:II n ~ ~ l ~ y s i c . a l  po in t  I', i l s  i111irge or1 

.,$. , I ih CIvli~~(.cl ~LS 111,. i ~ ~ l t . r s ( . c t i o ~ ~  o f  t l ~ e  slrai, : l~l  lirtt. 
I , 1 1 1 1  I I I I  I I 1 . ~ 1  US ~ C I I O L ~  I,, i 1 ,  2, 3 
I 11,. I I I I ~ I ~ ~  elf I' 1111 ( . i l ~ ~ ~ t * r i t  i. 11 ,12,1x arc called ~I~JI I IO~~~(I I IS 

l t l l i l ~ ; l ~  ~ ~ l ' i l l t  s 

(( ', , 1 ,( ', ) '1'11,. t ~ ~ t t ~ l . , ~ v t i o ~ ~  cbf t 111s t : l ~ ~ l v ~ l i l r  III,LIII~ WII 11 
t,itlllt.r;t t is LIIL. t,1)11)ol~r Ii11t~ I,,,, ~ 1 1 1 l e  115 i t t l ( ~ r s v c ~ l . i ~ ~ ~ ~  wit11 
t,al l l t~r i i  J IS ~111: c l ~ i l ~ o l , ~ r  IIIIC I),) ii11,1 I),, itre cal lct l  
c o t l j ~ ~ g i i t ~ e l  t : ~ ~ i ~ ~ u l a r  lilies. A l l y  p o i r ~ t  I, UII I),, (rrs11 1) tJn 
I),,) II~L, i ts  III)IIII~~O~OIIS i ~ i ~ i i g c  pa#i t~t  I, IBII I),, (rvslt I, (JII 
I),)) '1'11,-rcforo, IISIII~ two c.alllc,ra.i, I.II(. scbsrc.h f+) r  IIC)IIIO~- 
~ ~ O I I S  1111aga~ p t ~ i ~ t t . $  is a st!iirt.l~ <II,III~ ( ~ ~ ~ 1 1 j t 1 g i t l . 1 ~ 1  q ~ i p c ~ l a r  
1i11t.s 

A r ~ y  1r11)lt:t (I1, I?, 13) c11 I ~ c ~ ~ ~ t o l o g r ~ u s  lll lagc I)OIIII.S IS SII~~I 

1.I1itt l1 li(:s at 1I1c I I I I ( - ~S ( :C~ ,~~ I I  e2f t l ~ t ,  t . l ~ i l ~ < n l i ~ r  IIIICS a11tI 
IJls del incd by tl~c: t w o  <~t.tlc.r 1111itg1. I)~IIIILS l2 i l ~ ~ t l  I J .  'l'here- 
firre t l le scarclt for I ~ o r ~ l u l l ~ g t , ~ l s  i111agc p t ~ i ~ t t s  1~c:twc:ctt t w o  
Iltlages ca l l  IIOW IJC ret111ct:d 1.0 il s1111111(. \,(,I 1 1 4 8  a t i o l ~  at  a prc- 
ci.w Iocat,ic~~t ill ~IIC t11i r~ l  it~~;igin l:t~r ~IISI~IIII.~* 1 . 1 ~ t  h i ~ t g  t l ta t  

( I l  , I 2 )  fur111 LI 11iiir o f  IIOIII~I~~,~~,IIS ~III,I~~! IICJ~IIIS cotlsisls ill 
v t ! r i f y i ~ ~ g  t l ~ c  1,rescrtcc o f  I:$ ill. 111,. i r t t .v r~~.~. t . ion o f  ~ I I J  
I):,? 

5. I'reciucly lucated, l u  allow fc~r  iu,curatc: 31) ruc:or~strt~c:- 
~ io11.  

6. I)c:l~sc ill tlre i l ~ ~ a g c ,  t o  al low for t l l c  c:c)111111tlation u f  31) 
1toi11Ls ill evl:ry part u f  t l ~ o  scene. 

We cllosc as tc~kc.lls t l tc liltc,rr sel;lllc.l~ts ~ . o t ~ t i ~ t p  fro111 a 
1)11lyg011al i ~ p ~ ) r u x i ~ ~ l a t ~ ~ ) ~ ~  o f  tilt: ecll;~s (SITS sc~c.11011 2) .  

111 ou r  o l ) i r t~ t~ r l ,  Lt~csc L~LI*IIS f ~ ~ l l i l l  vvry ~ 1 . 1 1  I l l c  f i rst 5 
~~re)l)t:rlies, i i r ~ t l  relat ively wc.11 IIII: (i1.11 l~ rg~ l~c . r t y ,  d t * l ~ e l ~ ~ l i r i g  
0 1 1  the a r r ~ u u r ~ l  o f  tt?xt.urt: ill LIII, a~lrsr-~-vc.<l w.t.lla. A ~ ~ y l t o w ,  
as i t  is  111~1 [~c).,siI,t< t o  ch~rivc~ ~II~~.III~I,~;II~ :$I) r r ~ ~ ~ a ~ c ~ r ~ : ~ ~ l e ~ i t s  
w i l l ~ i l ~  111ti f~~rt11 regiort, we IB~. I I ( , \ .~ .  1.l1;rl ~ l ~ t - : r  tc,k1*11s rcy~rc-  
s c t ~ ~  i111 i l l ~ r ~ u s t  c1l1tilr1.11 S ~ ~ ~ ~ I I I G I I I  

WI: c l~ouse t c ~  s l r l lc t l l rc  I II~- atal;tl~t-llts l ~ y  a I ' : ~ l ~ b ~ r / i o o ~ l  
qrul,h. ' l ' l~is c1i1t.a s t r ~ ~ r . t ~ ~ r c -  i> t ~ s t . f ~ ~ l  for 

, I % 11e 11t~igltl,1,r11~111~1 gritp11 IS t l t ~ l i ~ ~ c : t l  il act t ~ f  11ot1t:s CCJII- 
t~c*ctt.,l I)) c-tlgt.a. A rlodc (.IIIII~IIIIS ii ~I:~II,<.III i l l111 t l ~ e  geu- 
I~II.L~~(. i l11<1 IIIIII~II.IIIC.C. II~ID(.(I I , I~~I~.II~(.,  ~ b f  111is ~C~:IIIC.IIL .All 
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,.,Ifit. a O I I I I ~ ~  L two  I I O ~ C S  c t ~ r r e b ~ ~ u n c l i ~ ~ g  Lo 11t.ig11Luring st'g- 
III~.III~ i n  1111- i111ago. 

'1'111, COIII~II~ AL~CIII 11f L l ~ i s  neigI111oring grab111 is clone 111 ti111e 
I ~ ~ , t , i u .  nit 11 rt:sI~t!ct LII 1.11e ~IIIIII~~~:~ , ~ f s e g ~ n e ~ ~ t s  t l ~ a r ~ k s  1.0 t l ~ c  
11.t. buckt l i r iy  1~1.1~1tiqu1 a. 

I(III.~I.I.H are* ~OIIIIIIII.~~ III the  f i~ l l ow ing  tnanner: we su- 
111.rir111~~se a v i r l t i a l  gr id  t ~ c ~ r n ~ ~ o s e d  o f  square windows CIII 

111,. I l l lagr i ind COI~I~IU~I,, for eac:l~ w i n d t ~ w ,  the l is t  o f  stsg- 
III~.III> i ~ ~ ~ e r s c - c l i n g  il. 'I'l~is sLruc:lllre is co~nl)uLed i n  linear 
I.IIII~. wit11 r t : s p ~ c ~ .  11) t11c 11u1nl)t:r o f  s e g n ~ ~ n t s .  hloreover, a1 
I 11,. t - x l~e~~se !  o f  a IIIIII~IIC 11reli111111ary s o r ~ i n g  o f  L~IC segments 
~ ~ r i t ~ ~ ~ l i i l i o n s  (dor~c* w i t h  a l g t ~ r i t h ~ r ~ i c  c u n ~ l ~ l e x i t y  O(nI,ogn)), 
1,(1( hc.ts art! a c ~ l ~ ~ a l l j  l i l let l  w i l t !  st:gllaLrils sc,rted by increas- 
1 1 1 ~  ' t r i r r ~ l d t t t ~ l ~ .  ACcvh~ii lg a s e g n ~ r r ~ t  i n  a given region or  
I 111. Illlagc. a r ~ d  having a c.orl.air~ o r i e r ~ ~ a t i t , ~ ~  is then reduced 
10 i t  c l ~ c l ~ c ~ t c l ~ n y  search ill each h t~cke t  o f  the region. 

- 3  I 11,. p r t : v i ~ ) ~ ~ s  rc11t1rI ~IIUWS a11 exi111111lc 1,Ile c o n ~ l ) u t a t i o ~ ~  

01' I !I( Lt:t.s a11d 11cig11L1orh. 

'1.3.3 M:ttc11i11g Algorit11111 ---- 
. .. . . 

'1'11~~ :,, 11, III~. 01' 111e a1guri1,t1111 is LII~ ful luwir~g; 

Ilyl,t,l l ~ e s r s  I 1 r e ~ l i c t ~ ~ , n  ~ I I J  verification: t r ip le ts  o f  IIU- 
I~.IIII~II III~~II.II(*s arcs t l t ~ r i v c ~ l  f r o ~ r t  the p r e v i o ~ ~ s l y  co11; 
~ I~ I ICL I . ,~  g r i i l ~ l ~ s  1~y SIIIIIII~: goonletric ve r i f i ca l i o~~s ,  uf 
111,. kill11 i :~~~r t :sbc( l  ill l l ~ c  ~)rc,vio!~s seclion. 

r l l y i~ t ,~ . l~c :m~s  1'111al L ' a l ~ ~ l a l i t ~ n .  local c:or~uiste~~cy checks 
i i rc l w r f o r t t ~ ~ . t l  t o  rcroovc crrr>lleouu ~ r ~ a t c h e s  at  the end 

I II(* l ) r ~ ~ v i o t l ~  stiigt*. 

, < 111'. ; i l g t r r i l l ~ r ~ ~  works ;IS fullow.s (sec l igure 1): 
f e ~ r  circ.l~ s e g ~ ~ n : n l  SI t ~ f  i111dge I do 

a m a 2  
t . t , l~~icler III~, S ~ ~ ~ I I I ~ ~ I I L S  .s2 ' ~ f  i ~ n a g e  2 intersecting 

fla 
. - 

1 . 1 1 ~  t - ~ u ~ ~ t ~ l i t r  line. t .or resp~~n( l lng Lo the rnitldle 
II ,IT .VI wil11i11 a givc-II d i s l ~ a r i l y  i t~ te rva l  

it ' S2's fc:irt~lres (augle, lenglh, gracliont) are con!- 
I)i~~il,lt: wit11 .Sl's t h c ~ ~  00 

I.OIII~)IIL~ 1l1e i111erst.(:ti011 l g  o f  the o(1i11tr 
lar l i ~ ~ e s  a11t1 L)32 uf 11 and IZ i n  
ilnagc. 3, auci CII~II~III~~. the ~~rt: t i ict t . t l  or i-  
t - r ~ t a t , ~ u r ~  o f  a ~ r ~ a l c : l ~ i r ~ g  rt~gtne111.; 

i f  a segt~lcnt. S3 l y ing w i l l ~ i ~ i  a given 
~ ~ c ~ i g l ~ l ~ t , u r h t ~ t , d  o f  w l~use  orictr~tat ion 
is c o r r ~ l ~ a t ~ l ~ l t :  wit11 L l ~ e  ~rrcd~ct ,e t l  t~r ienta-  
 tic,^^ and w111,sc:s fc!at~~rcs are co~npa l ib le  
w i t h  SI all11 S2 1hi.11 &:--I$~I - - I  ',. 

calm2 
kt:ep (SI ,S2, S,) ds a poLenlial 

PA; 

111aLc11ing Lri1)lcl; 

I )~sc .uas i~~r~  o f  l l ~ c  c o n s t r a i ~ ~ l s  ttnforcc!d u r ~  each segrnerlt 
I<..tLl~rt. a r ~ d  o f  t.l~c* ~ r ~ r a n i n g  elf nrighl)orhood, as well as 
,L ~ l t .n< . r rp t io~~  uF l l ~ e  v i~ l lda l . iur~ procedure can be found i n  
I 1 I.X~.I,.ZI,A~~I. I ,! 

.t.:t.-1 1 t l ~ s l l l t s  

'1'111. a ~ c . r c . t l - ~ ~ ~ a ~ c I ~ i ~ ~ g  l>rograt l i  11as IIC~C*II t.esLcd o n  several 
,(.I.II~<~ IIII.IIICIIII~ i l ldoorb i ln<l 011ttI41ors SC~IIL'S and scenes 
SVIIII III<III~I~I~I 1)arLs a11cl typi i .al  ol,jcls (spl~t:re, cyl iuder, 
,,,!,I.) 

\\I. (l~:sc.r~l)c: tirst sonlo i n d ~ ~ o r s  uxaln l~ lcs.  

\\.'I, ~.akt. (j  clifl i-rrr~t tri11lt:t.s t ~ f  I I I I ~ ~ ~ : S  f r o ~ n  d i l ferer~t  po- cam2 
:,IIIOIIS 111 the 111t,1)ile roI) i~L. I'ligur(: 5 SII~WS I.he polygonal 

fl3 

i 1 ~ 0 1  ~ r o x i ~ ~ ~ i t l . i o ~ ~ ~  o f  L l ~ e  cdg(!s. 
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cam2 pa' 
I , ' I I*,~I~~, 5 ' 1 ' 11~  IIOI~KOII~~I ~ ~ I I I ~ ~ ~ I X I I I I ~ I ~ I C ) I I  o f  I,II(- t ~ l ~ e s  for six 

III ,;t.~~(.riil tI11* r1111111)cr g)f (.rrors i> Ie>s ~ h i i r ~  2) p e r c e ~ ~ t  o f  
111%.  ~ o l i r l  11111111)cr o f  r ~ ~ a t c l ~ c s .  A5 it. is s l lowr~ In  figure 6 
uc, II~IV~. IN.~II i i l ~ l e  L(I (:OITI~II~C: a 31) (It:scriptior~ o f  1,tie e r ~ ~ i r e  
~ I M S I I I  IVSIIII 1 In(* ti c l ~ f S ~ ~ r c r ~ t  t r ip le ts .  ' l ' l~is ir111111t*s 111 p a r t i c ~ ~ l a r  
1 1 8 . 1 1  w1, l ~ ~ i v c  I)c:~!II al)le 10 (.~>III~III~,~ 111tfi ( l is l~ l ; ic ( : r~~cr~t  o f  the 
( ~tIII(.riis 111 t l lc  six dill;srt.~~t ))1~~1tIl>llS. 

1. lll;rlly, we ;iluu s11~1w rc!h~rlls 011 a c:urvthd ul~jocL:a cy 1i11dt.r 
(I;I~:II~C.~ 7 a1111 8 ) .  ' I ' l~ is  c ~ x i i ~ ~ ~ l ) l c -  sllows t . l~at  (.he rnechotl s t i l l  
uatrks iic.t.q~t.alrly 1111 sr.1.11t.s wi1.11 only  c ~ r r v i l i r ~ o a r  rclgos. 

>, 1'111,5, 

:\I! II~IIIRII tI1e l)rojc:(.t II~W (.ov(.r(:(l 0u1.11 low ;ir1(1 high Itwe1 
I I~ ) I ' , * ,  I t 1 c 0  l ~a r ( lwarc  I I I I ~ > ~ ~ I I I ~ ~ I I ~ , ~ ~ , ~ ~ I I  II~IS I)C,C:II f o r ~ ~ s e < l  par- 
III ~ ~ l i ~ r l y  OII I ow t~ r  a1111 i ~ ~ l c r ~ ~ ~ ~ : c l i i i t c  Icvols u f  I.hc proc:c!ss, su 
1)\1!\ III~IY I)(: ( I ( . l i r ~ c : ( l  as ii l ' r c r ~ ~ l - ( * ~ ~ r l  I)rcJccssor wi l l1 IIIIIII~)~~~ 

G IIIIIV~IIIII; cirpi i l ) i l i~. ic~s i r ~  I.llo rw lge  o f  l l ~ c  I l i l l i o l ~  uf o1)c.r- 
I r I 'I;) acl~ i rv t .  ii fu l l  ~) r t~cess ~III~)~~.II I( : I I~~- 
1 1 1 ~ 1 1  1111 IIICIIII~ ~ I S U  t.11~' 111gt1. r ICVCIS, I ) M A  is i~~tcr fa~:c .c l  LO 

.I II~B-;I I I I I I ~ I I ~ ~ ~ ~ C ~ S S I I ~  ( I~ht :  12hlhlAL) l.4li(>(:X5) ~ l ~ ~ v t ~ l ~ , ~ t ~ ~ l  
I.) I, I.:;,\<; c,r (:1\l'l'I':!i4 ~ I ~ ~ ~ ~ ~ I ~ ~ ~ J ~ : ~ ~  1)s h lA ' l ' l tA )  for IIIU~I. 

I*'igl~rc, ti: 'I'II~I view o f  ~ . h c  laboratory ol)tiiirlc.cl fro111 tt lc SIX 

p r e v i o ~ ~ s  o l~sc-rva l ior~s 

i t y  o f  i ~ l l e g r a t i ~ ~ g  also t ~ ~ o ~ l l ~ l c s  avail.~l)l(. frt1111 LII(% r11.11.kt.1. 
O t l l c r  1rl;ijor l~ypo t t~ t *s ia  t ~ i ~ v v  t)ccr~ IIIO~IIII~IIIL~ ii11(1 f l cx~L i l -  
i ty  o f  cc, r~f igur . t t ic~~~,  t o  ill I~i(:vc t,lli<.il.~rc.) ,II.,o H 11 11 ( l ~ l k r r * r ~ l  
real LIIII~. ~C(~II~I.~IIICIII.S i i 1 1 ~ 1  I)~:~II,AIIIII~ 1111- ~IIIJII~ 111~11till ior1 
u f  aJtli l icnt~al i ~ ~ ~ l ) r c t v ( . ~ ~ ~ c ' l ~ t s  10 111e i t l g t~ r i l  IIIIII~. 1110111. 

111 l e r ~ r ~ s  o f  j , c r fo r~~ la r~ce  the r<.l(.rc:111 1. tiirgt:t 11.1.5 I t r t : ~ ~  the 
, . 1 V vitlc-11 ra l c  id. 1 t - i ~ ~ ~  i~ a IIIC~IIIIII 11.1 111 goal, t l ~ , t l  rl lciins an 
arc11itrc.l 11rc. i i l l lc t o  s l l l ~ p o r t  SII~.II I~IIOII[:~I~B~I~.:., \\'l11Ie for l l te  
p r o c c s s i ~ ~ g  r l ro l l l~ les ~ ~ r c s c ~ ~ l l y  111c rillfig(. !)- 25 I r . i ~~~cs /sccond  
has 11t.c.11 e : o r ~ s ~ ~ I ~ r c t I  :IS a g o ( l ~ l  r(.fc.rc.l~(.c. g1rc.11 ~. t te  c I,iss of 
; ~ l g o r i l l ~ ~ ~ ~ s  thirl, hirvt. 1)c:t:rl inv(:st~giitt.(l 

t ,  I llo I~arclwnrc' a r c . l ~ ~ t c . c t ~ ~ r r  is  S~IOWII III I>iglrrt. 5 10, for a 
r o ~ r l i g u r a t i o r ~  illJle t o  ,11pl)ort :1 'I'V c i ~ ~ l ~ t * r i i l i ;  i t  is OIJV~OUY 
I.l~iil grca;it a t t . c ~ ~ t . i o ~ ~  11;~s t)c:c! l~ dcvo t . (~ l  Lo LII(. ~ ~ I I I I I I I I I I ~ C ~ L ~ ~ ~ I  

bollclwiclth, wit11 1.11rt:c d i f i . r c ~ ~ t ,  l i nk  1yl)cs: 

11 gcl lcral pttrl)ose bus: we CII<C,~, !'htI*; for i ts  11igI1 
l ) i i r ~ ~ l w i d ~ , l ~  ; isso~~ii i t ( !~l t u  i~ W~I IC IWI ,~~  IIIISII>~I,II, w l ~ i c t ~  
IIII~>~II:S ;I witlt: av ;~ i l .~ l )~ l i t y  ,# f  (.I,IIIIII,.I~.I.I~ IIIO~I~II(.S t l l a t  
111i1j I)<: ~II~.III<I~-cI 011 111e l )h l t \ ;  '$11 1 1 1 ~  ~ D I I I ( . ~  II.~II~I (It is 
C~I~JI(:C: p e r ~ r ~ i t s  a11 c:asy i ~ ~ l , c ~ ~ : r i i t r ~ ~ ~ r  III,, 1)h l . l  I I I L ~  
stweral h c ~ t  c n v i r r ~ r ~ r ~ ~ e ~ ~ t s  

, I  I his I)IIS is ~rsccl for 111t)st. I I I I J ~ ~ S  trall>ft.rs e011crr11ed 
wi1.11 forrttat TIC) I o l ~ g c r  ' 'raslc~r S<.;~II". l ) e ~ ) ~ ~ r ~ c l i ~ ~ g  c)11 

l i l t !  d i i t i l  r a l t  r(:q~lc!stc:(l lty ii spt:l.~lit. 2 ~ p f ~ l i ( . t ~ t i o r ~ ,  t l ~ e  
~woa'ss car1 IIC SOI.L.;L~I 011 11111;.r(:111. \'hlI,; I)~rscs 
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Figure 8: Vlew fro111 above (a) alld fro111 lhe side (1,) I J ~  the 
31) segrrlerlts recc~~~str~~ctc:c l  fror11 the slereo tri ldcl 

I . '~g~rrt:  7 .  Edges (a) and stereo rr~atclles (b) of a triplet o f  
I I I I ~ I ~ V S  o f  a cy l i l ~der  
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\k 1 1  11 I 111. ~IILIVC: L.~IIIIIIIIII~( i111011 s y b t t : ~ ~ ~  al l  over'lll 
IIII~~II~II~IIII 111 1.11~ r;tllgtl o f  IIIIII~~(:I~S o f  hll., t~:s/src. III~IJ 

IN. .~~-llll.vc.,l 
( ~ ~ I I I I ~  1 1 4 ~  I,] it rrlcDrt, ( l ( , ~ a ~ l ( - ( l  i i t ~ i i l ys  o f  tilt, !)MA priIc(:s>- 

111;; ~.I~.III<.IIIS, i~ l i r d  ~ . o ~ ~ h ~ c l e r a t ~ c ~ r ~  is tha t  l he  dedicatecl hard- 
\\;art. I I ; ~  1,t.c-11 I1r1111 l .c l  III ( ~ l g t .  tlcttcctit~n and toke r~  l r a c k ~ n g ,  
~ 1 1 1 1 1 ,  1111. I I I I~T I I IC(~ I~~ I ,  procthss1ng SC*~~IOI IS  111ake wide use o f  
IU~~~~.III I I I I~IIIC I) lgl tdl  SI~II;I~ I)roc(:ss~rs t u  perrnit  a guod 
I I ~ ~ A I I , I I I ~ ~  ill 1111. i i l g ~ ~ r i t l ~ ~ ~ ~ i c  ~III~)~~:III~!II~,~I~~~II arid III~~II~(,- 
IlilllCl' 

IV,. IIIBW IIIS~IISS 1 1 1 ~  ~ I ~ l I ' t ~ r ~ r ~ t ,  I~Io~IIII~*s. 

\I~I,I r c ~ ~ ~ ~ l l r c * r ~ ~ ~ ~ t ~ t s  OII 1111s SIIIIJC~~L ~OIIIC: f rur r~ dy11at111c 1111- 
.~gc. . ~ ( . < l l l i s ~ t i o ~ ~  01 ~ r ~ o v i t ~ g  scen(.s, wllere the scene b lu r  re- 
8l111.t.s tl~c. acct1rac.y o f  tl~t: c~dgcb ext.rartion process. 'li, lill~il 
111c.  I ~ I I ~ ,  i l l 1  c.llcc.tive SO~I I~~OI I  is Lo a ~ l o l ~ t  o f  calllcras w i t h  
.&I, c.l(.c.lro~~ic. s I~ t~ l .L r r ,  SOII I (~LI I~I I~ 1.1tdL is IIOW s111)110rt(:(l 11y 
III~IIIV ~ ~ ~ i t r ~ u l i ~ ( : L ~ ~ r t . r s ;  the 11~w1.r l i ~ ~ ~ i t  o f  e x ~ ) o s ~ ~ r e  L~IIIC is USU- 
c ~ l l )  i ~ r o ~ ~ r ~ ( l  I tllser, 111 s l ~ i l l  g l~ i t r i i r~ te~a  a11 accx~11l,al1le s igr~al  
I ~ J  IIOISC ra t io .  

AIIuI~IIC~~ feature o f  ~ I I I I C ~ ~ I I I I ( ~ I I ~ . ~ ~ ~  i11111orta11ce IS 1I1e corn- 
~ f i t l , i l ~ t y  w i t . t~  r~or l - i~~ter lacc. t l  calnc*ras, tu achieve a l u l l  f rar t~e 
OI)~%~:II~IIII also ill prescBllcc u f  rr~ut. ior~, whi le  w i t h  standard 
c.illlt,ras i t  is r~cccss i~ry t o  work wit11 ficlOs t o  avoid irnage 
..IIIII~ O(*LWC~II od l l  a ~ ~ c l  cbvt,~l lirlus. 

\ b  i t  I~~III~IIIS~~II, tile l)blt\ S I I ~ ~ I I ~ L S  ltS17O/C:C:lR stal l-  
~I,II~Is ;IS well as   no st C.~IIIIIIIOII ~ ~ ~ ~ t ~ - s ~ . i ~ r ~ ~ l a r O  callleras wit11 
l!rglgrt,sslve sca~ l r~ i l l g .  

I.'trr I IIC: c o r ~ l i g l ~ r i t l i o r ~ s  wit11 rllore t l lar l  O I I ~  camera, a co111- 
IIIOII s y r ~ ~ ~ l ~ r o ~ ~ ~ s i i l i o t ~  syst(\111 is 11roville(i. 

5 .  Vidcho D i g i t  izchr 

I ) h l A  1lhc.r vitlt.11 cl~g~t.izt.rs t . l ~ r ~ ~ p a t i l ) l c  w i t h  the above III~II- 
I I,SII~*CI c.arllvrils a1111 c o ~ ~ ~ l ~ l ~ i t r ~ l .  1 0  I . t~e  Max-bus cornrl~unica- 
I I~~I I  s1i111(1,1rd ft)r 1111ag(~ 1rt111sSt:rs. 

'I 111, ri~soI111 IOII is 8 t ) l ~ , s i ~ ~ i ~ e l  (25fj griiy levels), a ~ ~ d  1.11~: 
.~$.NIIII~I~IOII I 1ri1i11 1r1(.11111(.:, I ' ( :a t~~res like i11p11t r r~ul l . io lex i l~g,  
SI~II~II ~OIIIII(.IIS~I~~(JII, arld C I I ~ I Y L  i ~ ~ ~ p l r ~ ~ ~ e r t t a t i o r ~  o f  pint 011- 
#,I.III<IIIS l)y III(.~IIS u f  look-111) t,i~bles. 

1'111:. IJIII~. 1s riot i r~volved ill the real l i r l le opera ti or^, 1,111. 

I. 15 clt-vt)lotI 1.1, the d tag r~os t~cs  and lrsed fur ( l e v e l o l ) l ~ ~ e ~ ~ t  
I D 1 1 1  IIII>.I(.S 

' l ' l ~ ~ a  r r ~ o ( l l ~ l c  is a l ~ l c  1.0 duwr~ load  syn t l~e t i c  or  know11 IIII- 
~ l ~ r u l ~ g l ~  t.l~t: Lrhlll: I~IIS, t . rar ls fer r i~~g the111 t o  the vidc~o 

1811, it1111 i i c q ~ ~ i r ~ ~ ~ g ,  l f  r i : l l~~est(:d, rt:suIts i r ~  raster scat1 for111iit.; 
.IIO*,I 11t.r ~ I~ I I (~~I I I~ : I I I~~ fea t~~rc .  is the ca1)ability o f  i w c l l ~ i r i r ~ g  i~ 

.w111t 111.t. t11 i ~ ~ ~ a g t . s  111) 111 I s c ~  o f  ( l u r i ~ t i o r ~ ,  t o  debug ~rlot. iol l  
.II~O~II.IIIII~ 

' I ' I I I~  ~.UIICL~~III IS I,t!ir~g ~III~,I~III~IILC~I or1 a couple o f  l)oards, 
.I, III(,V~II(: a f ~ l l l  'I'\' r ; l t~ .  o p e r a ~ i u l ~  deal ing wit11 a (Janl~y 
ol~t.r.1111r III(.~II~III~ a 11011 I I I ~ X I I I I ~  S I I ~ I ~ ~ O S S ~ O ~ I  Lu get edges 
*IIII SIII~IC I)IXU~I t I~ t ( :kr~t~ss 

I t,r III(- ( ;~ I I I I ~  opcr i l tur  i t  lJll< i t r ~ p l ~ ~ r ~ ~ e r ~ t a t i c ) ~ ~  has bc!e~~ 
( II~S>(,II, ~IIIV t o  1 1 1 ~  pu~s1Itil11.y of  l ~ i g l ~ e r  levels o f  i ~ ~ t e g r a t i o r ~  
\\ 1 1  11 r(,>l~e(.t t t ~  I I l t  ~ l l ~ ~ r ~ ~ i ~ l i v ~ ~ s ,  

'I'Itt. l i r h ~  l~o:lr(l IS a gc-~~c:ral purpose F I R  arc: t~ l tcc~l~rc:  in- 
I III~IIII~ 4 1 1 )  1il1c.r~ WIIII 1(!11gl,t1 u p  Lo 64 taps, cleal i l~g wit11 
x I~II , l i t t , i ~  i111tI 8 1111 (~~IC*~I~CI~:II~.~; d a t a  c o t ~ ~ i ~ ~ g  fro111 the digl- 
I.u.(.r tl1rt111g11 LIIV video 1111s are l i l teret l  row by ruw w i t h  LWO 

111i1bl.3 ( J~ . r i v i t~ i v ( .  ,111d ~ I I IC I~ ,~ , .~ I I~  c~ornpo~~err ts ,  o l )e ra t i l ~g  111 

~f i~ri t I I t . I)  a1111 III~. rr.s~rlts stored i11l.o art i r ~ l e r l l ~ e t l i a ~ r  I l lel l lory 
1,1111; r ,  i ~ ~ l ~ l r e s s a l ~ l c  t)y rows and CO~IIIIIIIS; 1l1c11 t l ~ t *  sct.ol~cl 

, 3  I lie a l g o r l t l ~ r n  t o  be i r r~ l~ le l r~err ted is cl~arac.~rr izecl t ~ y  t w o  
r~ la jo r  co l r~[~c lat ional  steps: edge chai11 ~ r ( - i t t i ~ ~ r ~  and el lain 
I'IISI~,II. W111le t.he f irst phase is e i~s i l y  ~ ~ r ~ l ) l . ~ r n c . ~ ~ t . i ~ l , l e  i n  a 
~)i l r ; i l lc l  ~ m o w s s i l ~ g  struc.ture, the* secl,l~\l orlc 1s cssrr~t ia l ly  a 
g l o l ~ a l  proc,cdt~re, r c q c ~ i r i r ~ g  a h igh  ~ ) c r f o r ~ ~ ~ a n c e  u f  t l ~ e  pro- 
cc:ssir~g e l c ~ ~ ~ c - n l s  (PIC'>). 

, I  1 lit, arcl~itc,c t ~ ~ r a l  cllc~ice has t~ecar~ orit.11tc11 to ;I rnult i-  
I)SI' s t ructure,  t o  acllleve a t  L ~ I C  sarlle t i ~ ~ ~ c  h i g l ~  p r ~ c e s s i n g  
power, IIIOCIIII~ . 11.y o f  c o ~ ~ f i g ~ ~ r a t i < ) n  i i 1 1 c i  r ~ r o g r i i ~ ~ i r r ~ i r ~ g  flexi- 
b l l l ty .  

'1'0 SI)F(~~-II I~ LIIU exeru l i o r~  o f  sp(*(.ili(. p r i ~ ~ l i t i v e s  ea(:h LISP 
I . ik~-s avarllagt. u f  a coprocessor, i ~ r ~ l ~ l ( . r r ~ c . ~ ~ t r d  as a piggy- 
back l)oard l~s i r l g  Shl l '  ter:l~nolc~gy. 

'I'he I>SI1 selocl.ed for th is  a r c : l ~ i t c c l ~ ~ r e  is t.he A r ~ a l o g  I l e -  
vices A1)SI' ?ILK), a 16 bit. processor wit11 IIOLII program al ld  
d a l a  b~lsc<s c .x t~ . r~~ le t l  OK-rhip a l ~ l l .  t o  carry ou t  ~ r ~ c ~ l l i f u n c t i o n  
i r ~ s l r ~ ~ r l i ~ r ~ d  with a ryc lc  t i~r lc: 1i1,wn t o  X0 IISC~. 

ls'ur t ~ l g e  li11hi11g ~ I I I ~ > ~ ~ I T I ~ ~ I I ~ ~ I L I < ~ I I  I 11e c<~I,rilcessor i i ~ ~ i l l y z e s  
i r ~  a sillgle I)SI1 cycle tile 3 r 3 ~ ~ ~ . i g l ~ l ) ( ~ ~ ~ r l ~ ~ ~ o < l  ( ~ f  a ~ ~ i x e l ,  
t r i g g c r i ~ ~ g  i f  r ~ , , ~ ~ ~ e s l . r d  a s ~ ) t ~ c i f i ~ ~  r4~ut i r1r  OII tht* I )S lJ  l't~r t i le  
SII~)SI*~IIC:IIL <:t1i,i11 f1111etiu11b ( o l ) t ~ ~ ~  c11ai11, rlt,w- ~II~III, (!LC: . . .). 

lq;ac:l~ 11(1ar(I i n c l ~ ~ d e s  2 l )S l '  IIII~~S, w i t t i  LIIC, possibility 
l o  I ) ~ l i l t I - l ~ l ~  (:11isters of  p r o c ( 2 ~ ~ o r ~  w I ~ ( ~ r t ~  a singlc 1'1': is the 
cl11s1c.r 111ii.stcr and a l l  ot11c.r 1'1;'s .LIC. slnvc:~. 

l':deI~ I)S1' is c c l ~ ~ i p l ~ e c l  wit  11 38 1 I(II~ 1.1.5 a,f lligll spt:etl t l s ta  
l ~ r e l l ~ o r y  ant1 48 Kl,ylt-s 111 p r o g r i i r ~ ~  nlcl l l<>ry 

, I  1 he Lo i l r J  hiis a flcxiblv :rr~(l 11igl1 L ) c ~ ~ d w i t l l  c o r l ~ l ~ ~ u t ~ i c u -  
t.io11 scc l ior~,  s ~ ~ p p o r t i ~ ~ g  3 I)uscs. 

V M E  bos 

Cl l ls tcr  bus (intcr-1'12 l i ~ ~ k )  

t3otl1 ~l lest:  l u ~ ~ c t . i o r ~ s  have r e ~ l ~ ~ i r ~ r r ~ e ~ ~ t s  fcrr 111gl1 d y r ~ i i l l ~ i c  
rallge a11d accliracy; t l ~a l , ,  togt>l,lt(:r wit11 , )o(I 11rogra111rning 
facilities have 11ee11 t l lc key 1a rg1 . t~  ill I.~.IIIIS 111' i n ~ p l e ~ n e n t a -  
I.it,ll hy l ~ u l . h e ~ c ~ .  

As far ~s p r t ~ c c s s i l ~ g  reclulrcrllcr~ts go, t l ~cse  f u r ~ c t i o r ~ s  are 
qui l t .  de ln i i l ld i l~g,  I,ut thvy III~IY I)c (Iei:o~r~~)oseCI in to  par- 
i l l lc l  prucesscs wit.h gc~od c ~ l l ~ , ~ i c ~ ~ ~ - y ,  so t l ic  t.huico 11a.s bee11 
R)r a sccoll(l IIIIIILI-I)SI' a ~ c l ~ i t ~ ~ c ~ u r ~ : ,  based or1 the 2.1 b i l  
processor Motc)rula [-)SIB 5(i(W)I 

r 1 1 his a r ~ : l ~ i l e i t u r r :  is c 11.irac ~ e r l z u d  1 ) )  1 a , t ~ ~ p l e ~ ~ ~ e l ~ t a r y  fea- 
t.urcs l o  t , l ~c  p rev io l~s  4)ll('S 11s(.t1 l'or I I I I~ I I I~ :  III th is  case the 
pc~ssibi l i ty o f  r o l ~ r o < . t ~ s ~ c ~ r s  I,.LY I)c.~.II ~ l r ~ ~ ~ ) ~ ~ , ~ , l ,  n ~ ~ d  we have 
prefc*rretl t o  i~lr.rc*;c,(, t l ~ c  IIIIIII~~(.~ o f  OSI' r11oc111l~s 011 each 
boartl, -1 i r~stea<I  uf 2. 

111 add i t i o r~ ,  thc t l c s i g ~ ~  II.L~ I,~~II c.arr~t:kl O I I ~  cor~s idcr ing 
a 111t11re upgra(le 113i11g LIIC Llota)rcJi~ 1)SI' 96001, w11ict1 w i l l  
aclcl t.11 the I ) M A  III~I~~IIIIC the c i t l ) a t > ~ l ~ t y  of  f loal i t lg P O ~ I I ~  
c o r ~ ~ p ~ ~ l a t i o l l s ;  1l1is 1111gr.,.lc w 1 1 1  I dkt. ; i ~ l v ; ~ ~ ~ l . a g e  o f  a sufl.ware 
rorr~pat i t ) i l i ty .  
, . I l ~ c  rnodul(: is ~lraigrlccl L l r  L.G~IIIIIIIIII~(.~IIIUII through t i le  

V b I E  bus u l ~ l y ,  s i l ~ c c  it. is tlt.vule(l r ~ ~ a ~ r ~ l y  Lo l.ho processir~g o f  
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I I I I ~ I~C :~  ill syrrlbolic reprsser~tat ior l ,  and  broadcast transfers 
art* s~rl~l)cwtc:d. 

I-;ac:h I)SI' l ~ a v  dua l  p o r t  r~ le~ r lo r ies  (access f rom b o t h  DSP 
iu111 VMC:), wit11 u p  t o  578 Kbytes o f  data memory and  192 
li tty tea o f  p rog ram memory. 

5 .  Token Tracker 

'I'll(. ICJ~CII l racker wurks o n  syn~bo l i c  d i i t a  ( toke~ ls  are l i ~ l e  
\I.~IIII!II~S) arltl YO i t  uses the V M E  bus ay communication 
l~ t l i1 l l l l~ ! l  

' I ' l ~ c :  prucessir~g s t ructure htrs been defined accord i r~g t o  
I 11,. rec(~~c!stecl t l l rougt ipc~t  o f  10 frames/sec; th is  has forcrd 
Iln 1.11 c l ~ ~ ~ c ~ s e  a Inure cledicatrd approach, b u t  eve11 ill LIIIS 
I.;I-~. t11c l1ossil1il11.y o f  algori t t lnl ic i n lp rover~~er l t  has t)eel~ 
III~IHIL~IIII~I~ 

' I ' l~c ~ r l c ~ t l ~ r l c  l~iiv beell ~ l l ~ p l e r ~ ~ e ~ ~ t e d  by a rrli, rocoded de- 
slgrl, u s i l ~ g  it ~ ~ l ~ c r u c o d t .  rnerllory adclresued by a sequencer 
( A ~ ~ a l o g  I)evices A1)1401) a l l d  p rov id i r~g  as outp111 thch CIIII- 

I r l ~ l  o f  tile a r i ~ h r ~ l e t i c  sections and o f  four address generators 
( 111;1log I)c.vicc~s AI) I410)  wit11 relatecl lnemory I~ut fers .  

'I'll(: ~ ~ s e r ( s )  ur ~ t ~ e  t11kt.11 tracker o l ~ t p u t s  depc.rld 011 the 
~I~BI,.II task t h a ~  1s I~II~III~~III~III~II OII tile I ) M A  rnachine; typ i -  
t .II Ilatars arc tile stt.reo r~~;~t t . l~c: r  ( t o  sirril)lify m a t c h i r ~ g  proce- 
1111rl.s) o r  a11 a d c l ~ t i o t ~ ; ~ l  IIIOIIIIIC! cu1111111ting the 313 str111:ture 
111r(.1.~ly fr11111 IIIIJI,IOII. 

'1'111s 111oll111e c ~ ~ n s i s t s  o f  a gc!r~eral purpose Cl'U w i t h  the 
1'111lcl.io11 uf t a k i l ~ g  care o f  systerll s tar t -up a t  power-on, whi le 
c l ~ ~ r i l ~ g  tht: ~ ~ o r r l l a l  o p e r a t i < ~ r ~  pe r fc~ r ln i r~g  funct,ions o f  da ta  
roll1 lr lg a1111 process synchrol l izat ior~. 

I'or I l ~ c  1)MA c o s f i g ~ ~ r a t i ~ ~ n s  w i t h  dif ferent V M E  buses, an 
III~.I.~~JII> l i ~ ~ k  is requested; depending on the general sys- 
11.111 c o r ~ l i g u r a ~ i o r ~  Lhis l ink rrlay col lcern dealicated V M E  ex- 
1~ir11clr.r~ o r  may I w  i~r~plerr rer~Led usi l lg the co rn r l~u r~ ica t io r~  
I ~ I  11s o f  L t ~ c  h i g l ~  level processor; the last elloice is  qu i te  
I.IIII\ C.II~C.II~ wl len t l ~ e  hnst is a multi-processor. 

a t  the end o f  1988, arid integrali1111 Irl LII(. two  l~a r i i l l c l  ar- 
c.t~it,ecturc.s w i l l  s tar t  rrli11 198'3. 

A r k u o w l e t l g r ~ ~ r e u t n  T h e  a~lt . t lc~rs wish t.o t l l a ~ t k  llere a l l  
1111: p a r ~ i c i o i r ~ ~ t s  u f  tile ISSI'ItI'I' ~)rc~jec.t 0.10 w l ~ i c l ~  have 
rrlacle w r i t i l ~ g  t l ~ i s  paper poss i t~ l r  
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