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ABSTRACT 

I n  this paper. WF discuss a ticciarativr & ohjrrt- 
or i rni~rl  languag~,  C'ISIIA L. lor imagc undrr- 
standing. in thc anotFlcr words, givrn rplation- 
ships arrloI1g rornprrncnts of a n  ohjcrt w r i t t ~ n  in 
VIStiAL. t h r  infrrvr~rr r r ig in~  of VISIIAJ, will 
a~ i~amat i ra l lp  locatc ll~r ohjrct in  ZIP inlag?. TIIP 
orltpr1t of tliv ~ n g i n ~  is a dataf)mc of tlir okjrr.ta 
ant1 a 1V x N 2-D map wllicl~ contains ihr hol~nd- 
ary ~ ~ o i n t s  of each ol) j ~ r t  in 1 IIP data l~as~ .  Thosr 
points are nt l rnh~rrd arcording to tllr indires of 
l h ~  01,jwts in t,hr datahxv~.  The i n l ~ r m r ~  pn- 
g i ~ e  oi VISlJh I, adopt rhrorriatographic srarrh 
on I h r  map. atirl rltnoat. t h e  I I P X ~ P ~ ~  n ~ i g l t h o r ~  for 
uriifirai ion. ' I ' h~r~ror r .  t,hc cnrnpritatio~ timr of 
uni licai ion car1 b~ grcatly rrdr~crd.  

1. INTRODUCTION 

I t  i s  grnrrally Z~rlicvctl [R] that it~orlrl-basctl sys- 
t r n ~  For image undrrstanding inrlurlr tllrrr parts: 
j ~ a l u r r  cxlr.ac!ian, ot j rd  modchng antl rccgni-  
[ton. 'rhcrc is a rcco~nition cnginc for ttlc last 
part. l ' h ~  r n g i n ~  r ~ r o g n i x ~ s  ohjrcts hy rornpar- 
i t ~ g  Icattirpn cxtractrd rron~ arr input i m a ~ c  to the 
at,jrrt Frat r i r ~ s  in thc morlrls. ' I ' h ~ r r  arc varioi~s 
rnrrt~anisms for hr rccn~nitinn mginr. like sta- 

tistiral or syntactical approach, CAD-bm~d vi- 
sion syslrm. and rulr-lm5rcl or prolng-hmpd ap- 
proach. 1 3 i f ~ r m t  mrchanisnls rrly on di f fer~nt  
o l j j~ r t  triorlr!inqs. 

In thc sta~istical p a t t ~ r n  recognition approach 
[ I ] ,  an object is described by a vector which el- 
rmrnts arc glohal Icatl~rrs. likr crntroid. cttrva- 
t ilrr., tnorrwntn oS inrrtia. and so o n ,  and match- 
ing 1,ecornrs rornparisnn hrl wrrn t h ~  f r a t ~ ~ r ~  VPT- 

curves, whirh compose t h e  bouridary of objerts 
arr organizrd in a strrlctllred manner, Illen sytl- 
t,artir approach can he applied [9, 61. In .I tic 
syritar-t ir approach. oljjrct mot l~ l s  are hi~ilt  by 
granlmars w i t h  a s r t  of primilivca. Local Ira- 
t t 1 r t ~  i t1 at1 itnap- are t ransfnrm~d inlo a string, 
anrl I 11rr1 parsing I ) ~ O C ~ . I ~ I I T P  l l~ rornm matching 
I 1 ~ t w ~ f . n  strr~ct ural motl~ls antl the sr ring. 

CAD- hxqrtl (Cornput~r -  Aided nrsign) object 
representation h s  hren applird to r n o d e l - ! i ~ ~ ~ d  
vision syst~rns 15. 7, 21. I t  is a 3-11 rcprcscnta- 
lion. This rrprrs~ntat ion can t2rsrril>e art o l~ jec t  
cornplet,~ly without being ronst rained hy tltr co- 
ordinates of 111r sPnsor syqtrm. Ilnweves, objerts 
in 2-D image can rlot compare tlircctly to the 
3-D represent at ion, so sopliisl,icatrtl algoril hmq 
are developed to transform t1lr 3D rrprcsentation 
into 2-D shaprs or t srps from all of ilic pussiblc 
xpcc ts ,  Matching procrss is rlstrally h i ~ ~ d  on 
thr strategy of hypot hrsis-thm-verification, i.e. 
make a hypothrsis of a 2- D shnpc* in the matlrls i f  
a chosen fraturr is found in t,he image, t h ~ n  v~rifq' 
whether ttic! rrnt nf t h~ frat 11sc4 it1 I hc hypo! ticsis 
can also Stl. ro~lrbtl in t l ~ r  imagr. RD rrprrsptl- 
tat ion for o l ~ j ~ c t  R has  lhr prop~rtit~s of rornplet~- 
ness, anrl con~pactn~an,  however, not every objt,ct 
nwds 3D r rp r r s~nta t io r~ ,  like text. road signs, or 
tmffir lights. T h r r r f o r ~ ,  no tnattrr whirh r r lm-  
smtation or matriling stratrgy a systrm arlopts. 
ev~ntual lv this system lras to matcli I ~IOSP mod- 
clu irr approprial e l'orrn against thr fi*aturrr; r x -  
t r aded  from irnaps. 

There are two other approaches: rule- h a d  
and proloc-Las~d on r .  In the I U I P - ~ X ~ C ~  R I I -  

proach, ~ ~ I O W I P ~ R P  is  t r a ~ ~ s l a t . ~ d  in to  rzil~s, ant1 

each rrtle will invokes an art ion which i s  rplatrd 



for image processing tools, like segmen tation, and 
interpretation. It also provides tools For knowl- 
edge acquisition of scene primitive, and spatial 
constrains. The prolog-bmd approach [I ] ,  prc- 
vidm predicates in image promsing and image 
inptrt/output, to the control structures and in- 
ference engine of Prolog to do image undentand- 
ing tasks. l-Iowevm, Prolog takes a long time to 
find simple objects, euch a p  line a ~ g m ~ n t a ,  En im- 
ages because these objects have f ~ n  constraints 
or attributes to be described so that there are 
numerous hypoth~ses to verify. 

This paper is organized as follows: The sec- 
ond section discusses the implementat ion of the 
inference engine of VISUAL. 'The c n ~ i n e  includes 
two components, which are internal representa- 
tion and chromakop;raphic scarch, and four pro- 
cedurm, which are initialization, pre-pmcssing, 
unrficaiion, and plotting procedure. At Imt, we 
will demonstrate the system by examplps. 

2. IMPLEMENTATION of VISUAL 

Since VISUAL i s  a declarative Pt objwt-oriented 
language. There is an  inference engine (INEG) 
in VISIEhL to perform unification. The input 
of 1NEG is an object description writtrn in VI- 
SUAL. The owtputs of INEG are a database and 
a map. There are two major componenEs and 
four pmcPdures in INEG. The four procedure 
are initialization, pre-processing, unihcation, and 
plotting. T ~ P  t,wo major components are internal 
representation md the chrornatograpl~ic search. 
The procdures and the major components are 
tIisci~asad in the foilowing sections. 

2.1 INTERNAL REPRESENTATION 

The internal representation of an object is oh ject- 
oriented. The object type is defined in the decla- 
ration part of zt VISW AI. program. Objects of the 
same type are stored in a database. The bound- 
ary point of th~se  objects also are dd~picted in 
a map. These paints in the map are numbered 
according to the indices of corr~sponding oh ject 
records in the database. For examples, a rect- 
angle is composed by line segments, I , ,  f p ,  13, l4 
which records art: stored in the position 1, 2, 3. 
4 of the data set, so the edge points of I t  are 
all numbered 1; 12, 2, and so on. Therefore, this 
nnmberin~ hecomes the linkage be twen the ob- 
ject in b he map and i t s  corresponding data in the 
set. In ~ddit ion,  this numbering realizes thp c h r ~  

2.2 CHROMATOGRAPHIC SEARCH 

The proms of CSH is l ike radar spreading out 
signal in all directions. CSH dirwtty searches 
nearest objects on the map. Recause the bound- 
aries of objects in the map are numbered ac- 
cording to their record indice in thr database, 
given an object, Therefore, the indices become 
the numbering becomes the linkage betwen the 
object in the map and its corresponding date in 
the  database. 

The CSH has  the Iollowing two merits: 

1. Polymorphism. The CSH is polymorphic be- 
cause i t  can seearch objects of any types. 
The polymorphism of CSH i~ realized by i h e  
numbering of boundary points of ohjpcts. 
Although different objects in databases have 
diffesnt data typwr, the type of their corre- 
sponding maps i s  integer array. Therefore, 
CSH works on 2-D maps of homogrnourr type 
r a t h ~ r  than on databrlses of different types. 

2. Ornnidirection. The process of CSH is like 
a radar which spreads out sigals in all di- 
rections. While the signals encounter an 
object, the number of the object wilt be 
reported. Although it t a k a  only O(log n) 
time to seatch the neared neigl~bor, it taka 
Q(m x nlogn) to sort n data in all rn di- 
rectiancc ( i f  it is po5sihle sort data in the 
direction like 36 degree). Hence, CSI-F has  
advanta~e to fiearch k n e a r ~ ~ t  objects in all 
directions. 

2.5 FOUR PROCEDURES 

There are four procedures of INEG. They are ini- 
tialization, gre-processing, unif cation, and plot- 
ting. Their functions are described aa follows. 

I .  Initialization: The first step of INEG is 
initialization. The files regarding to im- 
ported components and the exported object 
ate opened, then the databases and maps of 
components are instdled. 

2. Pre-processing: The relationships among 
components ate written in C++ program- 
ming, so they will be extracted from the 
VISUAL program. The control structure, 
AND, OR, or recursive call in the VISUAL 
proflam, wilI be translated to n corrwpond- 
ing control structure in C pragramming, and 



3. IhiJcnlion: Unification is a process which 
determines the values for varibles. This p r e  
cedure takes indexes provided by CSH, and 
takc the J d a  From the database. It will I L ~ -  
sign at m ~ s t  k valites to a variabfe bemuse 
of the principle of closen~ss, therefore, the 
computation time is  reduced. 

I. Plotting pmcrlirtw: The output of the INEG 
include a map, so there i s  a procedure to 
draw the houndav of objecls. If some com- 
ponents satisfy all of the pre-defined rela- 
tionships, t h ~ n  one of the described object 
i s  fotind. Thr boundary points of the ob- 
ject are determined by the boundary points 
oF I hr satisfactory components. 

INEG applies dynamic programming to locate 
the de~cribed objrct, and choosees the k nearest 
n~ighhors for unifical,ion as a pruning technique 
bccarlse object arc mow l i k ~ l y  to h a v ~  close r~Ea,  
tionship i f  they are close in space. For instances, 
two line s e ~ m ~ n t s  in a Iocal area may form a cor- 
ner. or parallel lines, so they are more selat~d to 
each othcr. D y  the technique, the cornp~~tat iona 
timr of unification can hr greatly redt~ced. 

3. EXPERIMENTS 

In this section, WP demonstrate the power of 
VISUhL programs on an  image. This image con- 
tains a stop sign which is an important lantlmark 
for robotic navigatinn. \Ve write a program in 
VISIJA!, to locatr candidates of stop sign in a 
street scpne. Bt-causr octagons are rarr in the  
natural world, we treat thc octagons as strung 
candidat~a of st.op signs. 

First we dcfinr a l i r i r  segment hy a edge point 
at lar l~~t l  to ariolher line stgm~nt,  anrl an octagon 
as a polygon compos~d of ~rghl l i n ~  srgments and 
ripht an~ l r s ,  and tllr ang l~s  are of 13.5 d ~ g r w .  
Wr- t:nrntle t h ~  rl~finitions hy VISU.41d programs. 
7'11~ rrsiilt s of tocaSing line segments and octagon 
are shown in Figure 1 (r ) and (d), respectively. 

4. CONCLUSION 

We design a programming language VISUAL for 
i m q ~  undrrstanrl. wlrcih incl tides properties of 
d ~ c l a r a t i v ~  and ohjrct-oriented langua es. The 
inlerrnce ennine of adopt CSII to rearrf nearest 
oljjccks for unif cation. Because the output of a 
VISIJAL pro ram may be the input of another 
on?, a hiernraicnl machine virion system can be 
built and a described ohjerk can bc automatically 
locat~d hy VISll AL.  

121 Bir Rhanu. Cad-based robot vision. 1EEE 
C o m p u t ~ r  (Magzine), 20, August 1987. 

[3] Roland T. Chin and C h a r l ~  R. Dyer. Model- 
based recognition in mhot viaion. Computing 
Sunreys, 18, March 1986. 

[4] Richard 0. Duda and Peter E. Hart. Pal- 
te rn  Ctmsifiealton and Scene Analysis. Jolrn 
Wiley and Sons, 1973. 

15) Patrick Flynn and Anil Jain. Bonsai : 3-d 
object reco nition using constrained search. 
FAMI, 13, bctober 1991. 

[6] King Sun Fu. Syntactic Pottern Recogni- 
tion. Prentice-Hall Inc., Englewood Clirs, 
PiJ, 1982. 

[7] K. Tkeuchi. Generating an intenptetation tree 
from a cad model for 3d object recognition in 
bin-picking tasks. In In!. J. Cornput. Vision 
Vol. I ,  No. 2, pages 145-165, 1987. 

[PI D.M. McKmwn, W. Harvey, and T,. Wixson. 
ilutomating knowledge acquisition for acrial 
image inlerpretation, CifCIf', 46, 1989. 

191 P. Trahanias and E. Skordalakis. Syntactic 
attern recognition of t h e  ecg. PAM?, 12, July 

P990. 

References 
111 Brure G .  Ratchelor. INT.!?LLICEArT I h -  



Figure I :  VlSlJA E, programs to loratr stop sim in a image. From (a) to (d) are 
the imam,, and resirlts of r d p  tlrt~clion. to cat in^ line ~ ~ ~ r n e n t ,  and 
w t a p n  d ~ t e c f  ion. 




