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Image understanding and object recognition 
require description of those xgmentr of the image that 
cosrcspond to objects or pwts of objmts prcscn~ In the 
scene. Ttus suggests partitioning o l  the input image 
into reliable and memgfu l  e e p c n t s .  An atttmpl has 
been made to d e s l p  a rule-hwd expcrt system that 
can partition a digitised image Into rneantngful 
segments. Both rcpion growing and Line derect~on 
tccttrtiquea are employed separatclp for orpentauon.  
Segments that are found consistcnz in both region and 
line analyses may be cons~dcred as more reliable 
8cgmcnts that correspond to objects in the scene. 
Fcatures of consistent regions are compuwd and storcd 
which may be used for object recognition. 

INTRODUCTION 

In contcmpmq researches in computa vision 
attempts have bacn made to d y s c  images originating 
from three dimensional scenes in order to understand 
their contents. Thra may be accomplished by assign~ng 
appropriate interpretations to objects within the scene. 
Thus the Input bmage has to lx firat scgrnented into 
rcpions that should. at least, mrrghry correspond to 
objects, suflaces, or parts of objects rn the: sccnc 
rcpresentcd by rhot image. F m  the descriptions of tht 
segments generated recognition of objects within the 
inwge can bc made. Thus. Lhc whole prwess has k e n  
divtdcd ~nto  two phases: low levc'l pruccssing and high 
tcvel prmesing. Processing starts mth low Iwel. Thts 
~ n c l u d t s  some prc-processing l ike  f i l ter ing,  
thresholding, ctc and segmentation. Segmentation e 
then followed by generating d t s r i p t ~ o n s  which are 
measurements of the propctzles of a single or 
re la t ionship  bttwecn regions.  The h igh  Zcvcl 
processing includes scene matching and recopition of 
objects. Appropriate interpretations are then a s s i p d  
to the segmented results so that objccts can be 
~ 0 @ s c d .  

T w o  w e l l - k n o w n  t e c h n i q u e s  of irnagt 
segmentation arc region growing and line detactitjon. 
The first m e  is based on uniformity of image features 
of c m e c t e d  pixels while the second i s  on the basis of 
their non-uniformity fcaturcg. As the two twhnlqucs 
are, in princtple. mutually exclusive, attempts hare 
been made to employ  knowledge of bo th  the 
rehniquca. cith~r in disjoint or in connmtcd fashion, to 
obtain reliable segment. Hanmn and Riseman (1978) 
employed region and lim analyses separately for thelr 

l o w  level image processing system. The resulting 
regions and lines were then cornbincd if they had 
reasonable parity. Nazif (1983) designed a rule-based 
system for irnagc segmentahon that cmploycd both the 
techniques. Both re@on arad line analyses are combined 
at h e  earlier stage of pmessing. In rcgion analysis. 
b e  information was wed and vice versa. In the work 
presented in this report an attempt has been made to 
design a simple rule-based expert system lor low levef 
lmage processing cmployinp both region and line 
analysts separately. Sobel operatorlDuda and Hart 
3973) is used to computc praditnt image for edge 
detection and local features of pixels arc considered for 
region gsowing. Knowledge for refinement of regions 
and lines arc incotporatcd i n  the two analyses 
separately. Parity checking bttwcen their ouzpurs i s  
effected at the later stage. Regions that arc found 
consistcnt in both the analyses are considered as the 
most reliable regions present in the input m g e .  'lhc 
system gncratcs dempt ions  of thc consistent regions. 

SYmM OVERVIEW 

The expert system, TMAGEX. is deaigned 
mound an expert system shell, DEXT, developed in the 
Departmeat of Computer Science and Engineering, 
Indian Institute of TmhnoEogy. Kharagpur. Thc system 
hm k n  saucturcd In the form of a modular ser of 
p m e w  with two associative databaries. Dsta that will 
not be changed frequently are storcd in long-term 
d a t a h e  (LTDB). A l g o r i m  for low level prxcssing 
codcd into cxecunable programs are stored in [his 
database. The short-term database (STDB) holds data 
that wlll be changed frequently. The Input Image. 
sepentatiun data during processing, and Rnal results 
arc stored in  this database. Each a1 the system 
processes has acccsa to both LT5R and STDB. 

Rules govaning tht whole prmess arc stored in 
h e  rule bast. A systcm process testa the conditions of 
firing of rules in thc rule h e  against he deb stored in 
the STDB, When a condirion matches. the rule fires 
and the appmpnate action is performed. I t  may be a 
change or update of data tn STDB or executing a 
program m LTDB. To reduce the requirement of main 
memoty at a brnt as well a$ to reduce tht searching 
umc, the rule base is divided into four rule blocks : 
INITIACISER. REGION ANALYSER. LINE 
A N W S E R  and CONSISTENCY TESTER, as shown 
in Fig.1. Each block consrsts of rulcs that perform 
specific task as impticd by the names of mle blmks. 



MI the rule blocks have access to both STDB and 
LTDB. 

Fig.1 : Rule blocks with two a95ociatd datahcs 

SEGMENTATION TECHNIQUES 

Segmentation i s  partition of the input image in 
components or regions that are homogeneous with 
rtspcct to one or more image fatures. Two sons of 
8CpCntS  are natural: region< and tmundmt~ or lints. 
Though mc semu to be redundant m presence of the 
other, they can co-opcrate to produce more rcliable 
S C g r m t 8 .  

A. Reglon Growlng : Region growing is 
mapping of individual puck  d the mput image ro sets 
of pmels cMed regions. This  is done on the basis of tthc 
uniformity of image fcaturcr. Region growing 
generates e region map of Ihc input image in which 
Every plxel is attachtd a lakl that indicates the region 
numbtr it btIongs to. Some of h e  techniquca of repon 
growing are : 

I.mt : Pixels art p l x d  in a region on  the bavis 
of thc~i  properties or  the properties of their elosc 
nciph lx )~~rhd ,  

Global : Pixels art p p c d  into rcgimr on k c  
basis of the properties of large number of p~xels  
d~stribu~ed throughout tht image. 

T h e e  two lechruqucs are d a t e d  to individuaI 
pixel or sets of pixels. 

Splitting and Marglng : Region growing 
initiates with a r b i a q  div~sion of the input image into 
rcgiom. Thc jn~tial numkr of regions may be om or 
q u d  to the rota1 number of pixels of the input image 
dtpcnding an whether the whole unage or tach pixel of 
thc imape is constdertd as a regron. The image m y  
also bc divided Into 2x2 or 3x3 pixel arrays to obtain 
in~tial rcpiom. Then a regon is cithcr splincd or two 
regions arc m p G d  depending on their chatacrtriilticn. 
'Ihc process of splitting md mcfginp arc contimad till 
thc conditions for doing so arc satisfied. 

In our design, the initial region map has ken 
developed by following the local  and global 
~echnlques .  Sraristical features l ike average and 
variance of intensity and padient over cach repon are 
compured. Co-ordinates of thc minimum bounding 
rectangle and the centroid arc evalualtd as po~tition 
features.  Shape features l ike arca,  perimeter,  
circularity. aspect ratio are computed. Also. tlx spatial 
features of each region. i.e.. knowledge of each 
adjacen~ region as well as the amount of adjacency arc 
computed. Thc rulc-bascd merging of regions is 
implemtntd.  Insttad of arbitrary stlcction of initial 
regions, this technique of regon growing d u c c s  the 
processing time. 

R. Line I)et&ion : l X s  is the compIementary 
approach fnr segmentation. Line analysis deals with 
local features [hat involrc abrupt changes In gray 
levels. 

Gradient operators are  the tovls for edge 
detcction, which p v e  high values to points w h e n  the 
gray level is changing rapidly. For digital images, 
lnstead of derivahvcx, spatiat diffmmcc operators are 
used. In the present study. spatial differentiation 
operation is carried out by using the image by 3x3 
Sobcl operators m the X and Y diretiom : 

The magnitude and direction of the gradient were 
obtained by 

6 = IS,I + IS4 
and 

a= atads, / S,] 
The direction hax been digitiaed 8imiIar to the 
W ~ o n s  of h e  cightconntcted pheh mmhg from 0 
to 7 in the anticlockwise direction w ~ t h  0 as the 
positive X k b o n .  

Thus, we get a gradient image. Pixels having low 
pdient valuw indicate regions of uniform i n t t n s ~ ~  in 
the Image. whereas hlgh valuea correspond to smart 
changm in intensity levels and reprcscnt the bolmdarie~ 
between rcgionq. An d g e  lmagc is then computed by 
applying a nuitablc threshold ro the gradient imagc. 
h t l a l  h e s  are formed by grouping eight-connected 
edge-prnts. k h  line is marked by a specific label and 
p~xcls txtonginp to that l ~ n e  arc attached that lahcl. A 
p~xcl  can belong to uunost one hnt. Ovcrlappmg of 
1m.s i a  ~ w t  allowed. P~xels that do ~ o t  k l o n g  to any 
hne. km a null IabtI. Thus. a hne map 8s pcntra~cd 
that d e w r i b  h e  lines within the image. Like rtgion~, 
statistical and position featurcs Ior each line ar t  
comp~ttd. R ~ c - b r t . ~ d  d t l c t ~ ~ ~ ~  of Lin~.. is incorporated 
in Lint analysis. 

Tabtc-I repram&- data sfmcturcs for r t g i m  and 
h c s .  Thus. segmentation replaces thc pixel level 
i d o m t i e n  of rhc input image by more structured 
higher Fcvel idormation. regions and ha. 



Fig.:! : (a) .original image [b) region seprnat ion  
{c)  lim segmentation (d) consistent regions 
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The system has been designed mund the exptrt 
system shell. D m ,  on the basis of general-purpose 
pro- modules and b o w l e d ~ e  that can pmtss an 
image in low Tevtl. Rules for controIling the whole 
prncess me contained in the rule baw of DEXT. Tlme 
arc four rule blocks In the rule base. The system 
i n i t ~ a t t s  processing In t h e  firs1 r u l e  block. 
INITIALFSER. On receiving the image array. this 
b l ~ k  computes lhrtsholded image and magnitude and 
direction of gradient at each pixcl of the imge. It also 
generates the edge image. On completion of all the 
tasks, i t  passes control to the next block. REGION 
ANALYSER. 

The REGION ANALYSER starts processing 
with gemrating tht initial redan map on rhc baPis of 
Imal and global feamrcs of the pixels of Lhc input 
image. Region analysis is then started. In Lk module 
for [he reglcm analys~a, the stausr~cal, position and 
sparial fenrures of repions generated are computed. 
Two reponr are merged kf the cond~tions for repon 
merging are satisfied. The region map i s  updarcd 
accordingly. The: process continues urtr~l there is no 
ruEt to fire. It stores the dcscriphons of all the final 
regions and mnafcra the conbol to fhc subsequent 
block. 

The next rule block, LINE ANALYSER, 
perfarms. all taska related lo lines. Pi. i t  generates Ihc 
initial llnt map from the &pe image dam computed by 
the INITIALISER. Second, by invoking thc line 
analysis module, it ob~ains different feoturer: of the 
newly generated lines. Rules related to the lines are 
tested. The line map is accordingly updated and 
features of lines are computed. While all rhe tasks are 
duly complered. appropriate rule Ibr sw~rching the 
control fires and the final mlc block i s  tniwrtd. 

Both region growing  and l ~ n e  detect ion 
t~chnlques segment thc input image on their own way. 
Thus, the outputs of both rhc methods for an h g e  can 
be consulted in order to gct Ihc more reliable sepmcnts. 
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The rule block, CONSISTENCY TESTER, does 
essentially this task. First, ~t checks whether all the 
tasks of REGION ANALYSER and LINE ANAIL;YSER 
are duly completed. Second. if yes, i t  starts searching 
hr the segments lhat are consistent in b t h  the outputs 
of region and h e  ana[yses. Third, it -rCR nht repion 
n u m b  dong with 11s descripbons for each region t h l  
1s found conr;ishnt in b t h  the analyses. It divlays the 
consistent regions of the image pph ica l ly  and finally. 
stops the system. 

RESULTS AND MSCUSSION 

Segmentation of an input image done by the 
system i s  show11 in Fig.2. The irnage(256x256) is 
rrprcsenrtd by Fig. 21a). Region and Lint recpmmrstion 
performed by the system are ahown rcspcctively in 
F~ps. 21b) and 2(c). Fig. 2(d) presents the sqncnr s  that 
were found consistent tn both region and Linc analyses. 

The results reveal that. in spite of the simpler 
design [he pcdormance of ~ h t  qnltm is hopeful and it 
yields good results for segmenbng an n a p e  in whrch 
objects are fairly distmnct. However, lhesc art scopes 
for improving the system. In a second phase of 
processing. region analysis can use lthe msult* of line 
analysis and vice-versa. This might improve the 
performance of the syatcm. 
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