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ABSTRACT manner. In each step an  image processing subroutine is 

IJxpcrt systems are  useful tools for the efficient 
application of image processing software packages. This 
paper describes an  image processing expert system 
based on the SI'IDIIR package 111. 'I'he system supports 
unexperienced users in two different ways: an  interactivc 
modc in which the selected methods arc  applied imme- 
diately to an  actual picture, and a program generating 
mo~le in which high level program code is generated for 
latcr compilation and execution. The  modular structure 
of the knowledge base can he considered as a general- 
ized approach to software configuration expert systems 
which can he adapted easily to other image processing 
soltware packages and othcr problem domains, too. 

INTRODUCTION 

A large number of versatile image processing algo- 
rithms have been developed in recent years. So the 
application of standard soflwarc packages is becoming 
morc and more important in this field. Such packagcs 
arc usually powerful tools and are described in volumi- 
nous documentations. It oltcn requires much time and 
cfrort to become familiar with a specific software pack- 
age. 1':spccially Ibr a novice uscr, it may be very hard to 
lind out appropriatc programs and correct parameter 
values to process a given image successfully. 

The use of expert systems has becn proposed to 
overcome these problcnls. Such expert systcms support 
the uscr in the selection and application of appropriate 
programs. In order to do  this task, thcse systcms contain 
knowledge about the software package under consider- 
ation, the specific problem domain, and software con- 
figuration in general which includes knowledge about 
the selection and combination of program modules and 
the adaption of parameters. Expert systcms fbr software 
configuration in various domains are  described in [2] - 
151. 

In h i s  paper, we describe an  expert system that 
supports unexperienced users in the application of the 
SI'IDER image processing soflware package. Our  sys- 
tem provides two difTerent modes of operation: In the 
lirst modc, a problem is interactively solved in a stepwise 

automatically selected and executed by the systcrn, and 
its results are displayed lo the uscr who can either accept 
or  reject them. In the case of rejection the system 
cxplorcs alternative subroutines. In the second modc of 
operation no interactive display of the intermediate 
results is provided. Instead, a program consisting of a 
number of subroutine calls (including parameter values) 
embedded in a proper control structure and all rlcces- 
sary declarations is generated. 'This program can suhse- 
qucnlly be compiled and used for the same kind of 
problems on difrerent input pictures. 

Some systcms similar to ours have becn proposcd in 
161 and 171. In contrast with othcr approaches, our sys- 
tem is based on a more gcr~cralizcd structurc which 
allows an easy adaption to othcr software packagcs, and 
even othcr problem domains. 

SYSTEM OVERVIEW 
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Fig. I .  System overview 

The basic structure of our expert system is shown in 
Fig. 1. Most of the components of our system like the 
inference engine, the dialog or the explanation compo- 
nent, are similar to equivalent components of other 
expert systems. Therefore they are  riot further discussed 
here. The knowledge base of our system will be 
described in the lbllowing section. 



'l'hc program gcncrator is uscd in  the program gen- 
crolltrg modc. Ilascd on Lhc rcsulls of' a consultation, i t  
produces a program writtcn in  170rLran-77 for a given 
imagc proccssing prohlcm. 'l'hc program gcncrator 
storcs Lhc produccd program into a filc which can be 
compilcd and cxccutcd subscqucnUy. 

Thc  intcrfacc to the subroutinc packagc and thc pic- 
turc tlisplay compancnt arc uscd in  thc ~nleracfive mode. 
'l'hc intcrfacc to thc suhroutinc packagc allows cxtcrnal 
suhroutincs writtcn i n  any convcnlional proccdural pro- 
g r ;~n~ming  languagc to bc cxccutcd tlndcr lhc conlsol o f  
the cxpcrt systcm, and paramctcrs to hc p;lsacd limn1 t.hc 
cxpcrt systcm to Lhc subroutir~cs arld vicc versa. 'l'hc 
picturc display componcnt handlcs Uic display of' all 
pictorial information including thc original imagc and 
;]I1 imngcs gcncratcd during a consultation by UIC 
sclcctcJ SI'I IlI<I< routirlcs. 

KNOWLEDGE BASE STRUCTURE 

'To solvc imagc proccssing prohlcms by mcans o f  
SI ' IDI I<  subroutincs. Ulrcc kinds o f  knowlcdgc arc 
rcquircd: 

I. Gcncral knowlcrlgc about thc application o f  soltwarc 
pnckagcs. l'his knowlcdgc i s  ir~dcpcndcnt ol' thc 
underlying prohlcm domain and includcs gcncral 
stratcgics o f  prohlcm solving. 

2. Knowlcdgc about imagc proccssing. I l l i s  knowlcdgc 
consists o f  Lhc st;lndard rncthods and the kinds o f  

prohlcms thcy can solvc, UIC possiblc vcrsions o f  
standard mcthods due to paramctcr variation, and 
Lhc possible combination o f  st;lr~dard rnclhods. 

3. Knowlcdgc about thc SI'II)EI< software packagc. 
This knowlcdgc rclatcs thc mcthods o f  imagc proc- 
cssing with particular rlanlcs o f  programs o f  t.hc 
soliwarc packagc. Also, i t  l ~ a s  to providc ;ill rlcccs- 
sary details about number, typc ;IIIJ 1~1canir1g of' Lhc 
rcquircd paramctcrs ~.hus ensuring propcr use and 
cxcculion ol' Lhc programs. 
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According to Lhc above categorization, wc havc log- 
ically dividcd our krlowlcdgc hasc into thrcc parts (scc 
Fig. 2). I n  Lhis way ;I grcat dcgrec o f  flexibility and vcr- 
satility i s  achicvcd. For cxamplc, i f  thc systcm is Lo bc 
adaptcd to anothcr imagc processing subroutinc pack- 
age, only part 3 ol' thc knowlcdgc hasc has to hc 
changcd. Similarly, il' another application domain is to 
bc considcrcd, parts 2 ;~nd 3 havc to hc rcplaccd but part 
I - or at lcast a major portion o f  i t  - can s t i l l  be uscd. 
A similar knowlcdgc base division in  the context o f  ;in 
cxpcrt systcm for sclccling opcration systcm comnlarlds 
llas hccn dcscrihcd i r t  1x1. 

I .  General I t r t o ~ v l c ~ ~ e  

A stratcgy to solvc prohlcms by rncans o f  suhroutinc 
packagcs irlcludcs Ihc Ihllowirlg stcps: 

A )  I'rol~lcm classification. 

I]) I)ccomposition o f  thc prohlcm into lcss complicated 
subproblcrns which can he solvcd scparatcly, 
ir~cludirlg thc determination ol' thc ordcr in  which 
thcy havc to hc solvcd. 

(1) Sclcction ol' nppropriatc mcthods ;lnd algorithms for 
cach subproblem. 

D) Iiirlc tuning ol' t t ~ c  sclcctcd ITICLIIO~S hy ilssig~ling 
various paramctcr values. 

'fhis stratcgy i s  o f  vcry gcncral r~;~turc and car1 bc uscd 
for problcm solving hy nlcans ol'subroutinc packagcs ill 
marly other prohlcm domains, too. 'fhc only restriction 
is that UIC suhroutinc packagc urldcr consideration i s  
writtcn in  a cor~vcntional proccdural programming Ian- 
guagc (likc I:ortran l i j r  t.hc ci~sc o f  Sl'll)!il<). 

'Thc prohlcm classilicatior~ is donc hy knowlcdgc 
dcpcnding on Lhc spccific prohlcrn domain. Altcr Lhc 
problem is classified and Uic goal ol' Lhc consultation is 
spccificd, the whole prohlcm rcprcscrltcd I)y Illis goill is 
dcconlposcd inlo suhprohlcn~s (suhgo;~ls). I:;lcll suhgo;ll 
rcprcscnts ;I logical url i l  ol' Ulc crllirc p~.ol,lcrn solulior~. 
'l'hc suhgoals arc lurthcr sul,dividcd into stcps which 
corrcspond to t.hc Imsic rr~cthods and illgorithms ol' 1.11~ 
prohlcm domairl (i.c. subroutincs o f  thc packagc). This 
hicrarcliy of' dccompositior~ into Lhrcc lcvcls (goal, sub- 
goal, stcp) is arbitrary and could also includc rrlorc Icv- 
cls. 'Tile proposcd Llircc lcvcls arc considcrcd as ;r 
minimal subdivision, which allows a scrnantic lcvcl o f  
subproblcms bctwccn ttlc lcvcl o f  Lhc cntirc prohlcm ; ~ n d  
the orlc of the actually applicd suhroutincs. 

I n  cach stcp, Lhc system sclccts an approprialc illgo- 
r i t h n ~  ;IS wcll as a corresponding suhroutinc. I t  ;~lso 
handlcs Ulc pnramctcrs o f  U ~ a l  suhroutinc. In  thc cilsc 
ol't.hc Inlerclcrlve mode, Ihc v;llucs ol';lll pnramclcrs arc 
computcd and thc suhroutinc is cxccutcd immcdialcly. 
Al lcr suhroutinc cxcculion, UIC gcncratcd rcsults arc 
rcturncd to Lhc cxpcrt systcm and may I)c displayed to 
Ulc uscr or bc storcd for latcr ~rsc. I n  UIC proKram Xen- 
eraring mode, only those paramctcrs which will havc t.hc 
same values in  ;11I runs o f  the gcncratcd program arc 
computcd imnlcdiatcly. A constant dclinition stiltcmcrlt 
is gcncratcd for such paramctcrs. f o r  paranlclcrs 



dcpcnding on spccific input data, a calling statement for 
a subroutine which i s  able to compute or rcad in the 

required valucs i s  generated i f  the corrcsponding valucs 
arc not already to be computcd by a prcvious subroutine 
call. Thc strategies for the transfer of p;lrametcr values 
computcd by onc subroutinc to anothcr one arc 
dcscribcd by domain or subroutinc package spccific 
knowlcdgc. 

Our systcrn also supports othcr than static flow con- 
trol structures. In  the interactive mode, alternative ways 

of problem solving due to computcd subroutinc rcsults 
or crror codcs can be dcscribcd casily hy domain or 

packagc specific knowlcdgc. The intcractivc mode also 

supports thc repeated execution of onc or more subrou- 

tines. In  the prcscnt version of our systcm, the only really 

dynamic flow control structurc provided by the program 
~ ~ n e r a t i n g  mode i s  an crror codc chcck routine which in 

the case of a non-zero return codc cancels the execution 

of the generated program. More work would be neccs- 
sary to introduce an if-then-else or a loop structure 

hascd on valucs computcd during program cxccution. 

2. Knowledge about image processing 

The current version of our system includes know- 

lcdgc about imagc analysis in about thc samc cxtcnt as 

version 1 of the SPIDER package except the fields o f  

orthogonal transforms and tcxturc analysis. This know- 

ledge describes problem solving strategies o f  this domain 

as already discussed from a gencral point of vicw above. 

An cxamplc of a rule uscd for problcm classilication is 

IF the goal of processing is the extraction of numerical 
fealures 

AND the kind of numerical features is localion of lines 
7'11EN the goal of the consi~ltation 1s location of links. 

'The problcm solution is subdividcd into subgoals by 

means o f  rules likc 

11.' the goal of the consultation is location of lines 
AND the user is interested in Oowlary lines based on 

reglon segmentalion 
AND region segmentation has not yet hcen performed 
Tl lEN the actual subgoal is region segmentalion. 

Similar rulcs deal with the subdivision o f  subgoals into 
stcps. Given the purpose of the actual s~cp, an algorithm 
has to be selected next. This i s  done by means o f  rulcs 
like 

IF the purpose of the actual step is region segmentation 
in a binary picture 

TlJEN rhe actual algorithm is extraction of connected 
components. 

3. Knotofedge about the SPIDER package 

The knowlcdgc about SPlDEl i  rclatcs algorithms 

of imagc proccssing with corrcsponding names o f  

SPIDER subroutincs. For those cases whcre thcrc i s  

only one subroutinc for an algorithm, a table i s  used. 
Otherwise furthcr constraints are taken into account, 
using rulcs likc the following one: 

IF the actual algorirhrn is offine transform 
AND linear interpolmllon is 10 be w e d  
Tl lEN rhc actual subroutine is A FIN I .  

1:urthcrmorc the knowlcdgc about S l ' l l l l ~ l i  contains a 

detailed dcscription of all supported subroutincs includ- 
ing information nhout ~ h c  r~un~hcr  and typcs ofp;lram- 

ctcrs, and instructions for linding thcir valucs. In this 
part of the knowledge, we can find the most important 
diffcrcnccs bctwccn the interactive and program gener- 
ating mode hccausc the valucs of scvcral paranlctcrs arc 
to he dcrivcd difrercntly c~ndcr lhc two modcs of opera- 
tion. An example i s  the SI'IDIJII routinc ACOC which 
computes the transformation matrix for an allinc image 

transformation. This routine rcquircs (among ol.tlcr) two 
input paramctcrs X Y  I and XY2 which providc the 
coordinatcs of somc rcfercncc points in Ihc origirtal nnd 
result picture, rcspectivcly. In  the internctivc mode. thc 
user is asked to type in the corrcsponding valucs. 'I'he 
program generating mode instcad gcncratcs a calling 
statcmcnt for a special routine RDXY I 2  just hcl'orc the 
calling statement for ACOI:, hut no concrete values arc 
computed by the cxpcrt systcm. During Ihc cxccution 

of thc gcncratcd programm, RDXY12 will rcad in thc 

valucs for X Y  I and XY2 lion1 the kcyhord. 

IMPLEMENTATION 

A prototype of our cxpcrt systcm has bccn imple- 

mented on a UNIX-machine using the cxpcrt system 
shell 'TWAICE by Nixdorl: Iiules and karncs are thc 
main formalism for knowledge representation. 'fhc 
actual implcmcntation covers about YO suhroutincs 
which i s  approximately one third of the higher lcvcl 
SPIDEIC routines. .l'hc knowlcdgc consists of' ahout 600 
rulcs and ovcr 200 frames. I3csidcs, thcrc arc two tahles 
(for rclating imagc processing ;~lgorithms with SI'I1)EK 
subroutincs). Our systcm also irlcludcs somc I'rolog and 
C proccdurcs which arc uscd for property irlhcritarlce 
of framcs, intcrfacc to Lhc subroutincs, filc Ilandling. 
program gcncralion, ctc. 

EXAMPLE 

This cxamplc illustrates the application of our systcm 
on a digital image. As spccificd by thc uscr, Ihc systcnl 
processed the image by a median filtcr s~noothing, an 
affine transformation, a binarization, and a bordcr 
detection. 'To perform this task, the SI'II)I5K routines 
MEDI,  ACOE, AF IN I .  IIISI'I, T I IDSI ,  SL.'fIII, and 
I3DR81 have been cxccutcd. .The original ;~nd result 
picturcs arc shown in Fig. 3. 
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In Lhc program generating mode. thc following program 
has been gencratcd by our systcm: 

*** Program o f  c o n s u l t a t i o n  no.  1 if** 

PROGRAM P t r b i n  

DIMENSION I P ( 2 5 6 , 2 8 8 )  
DIMENSION JPMEDI(256.288)  
DIMENSION IAF IN (ZSb .Z30 )  
DIMENSION JB INAl (256 ,230 )  
DIMENSION JPBDR(Z56,230) 

DIMENSION IHST(Z56 )  
DIMENSION XY l (2 .3 )  
DIMENSION XYZ(2.3)  
DIMENSION T (Z ,3 )  
DIMENSION R H I S T l ( Z 5 6 )  

DATA ISX/Z56/  
DATA I s y / z a a /  
DATA IUX/3/  
DATA IUY/3/  
DATA NGR/256/ 
DATA ISXY/3/  
DATA EPS/ le-6 /  
DATA KERR/O/ 
DATA I S X l / 2 5 6 /  
DATA I S Y l / Z 3 0 /  
DATA ISW1/1/ 
DATA PTILE/79.0 /  
DATA I S Y I T 1 / 1 /  
DATA I S Y / l /  

CALL FREAD ( " taube" , IP , ISX , ISY)  
CALL MEDI (IP,JPMEDI,ISX,ISY,IWX,IUY,IHST,NGR) 
CALL RDXYlZ (XYI .XY2, ISXY) 
CALL ACOE (XYl ,XYZ, ISXY,EPS,T,KERR)  
CALL A F I N l  (JPMEDI,IAFIN,ISX,ISY,ISX1,ISY1,T,ISUl,KERR~ 
CALL ERRCHK (KERR) 
CALL H I S T l  (IAFIN,ISX1,ISY1,RHISTl,NGR) 
CALL THDSl (RHISTl,NGR.PTILE,JTHRBl) 
CALL SLTHl  (IAFIN,JBINA1,ISX1,ISY1,JTHRB1,ISWIT1) 
CALL a m a i  (JBINA~,JPBDR,ISX~,ISY~,ISW) 
CALL BIOUT ("result",JPBDR,ISXl,ISYl) 
STOP 
END 

*** Program ended I** 

CONCLUSIONS 

An cxpcrt systcm for imagc proccssing hascd on the 
Sl'lDl31< subroutine packagc has bccn dcscribcd in this 
paper. The two supported modcs of operation allow an 
immediate experimental processing of a given picture as 
well as the construction of a program consisting of a 
number of SPIDER subroutine calls for later and 
repcatcd use. This systcm i s  a considcrablc help for users 

without any knowlcdge of thc SI'IDER packagc and 
without grcat cxpcriencc in imagc processing. 

'I'he proposed structurc of the knowledge base into 
general knowlcdgc, knowlcdgc about the application 
domain, and about the specific subroutine package can 
bc corlsidcred as a generalized approach to cxpcrt sys- 
tcms for the application of suhroutinc packagcs. That 
part of our systcrn which i s  independent of imagc proc- 
essing and thc SI'IDEK package can be applied as a 
shell for developing expert systcms for other software 
packagcs and olhcr application arcas, too. Actually, 
we are tcstirlg the generality of our approach hy adapt- 
ing the cxpcrt systcm to the GIPSY imagc proccssing 
package [9]. 
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