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Abstraction:

The work explores the potentiality of a clonal selection algorithm
and it's hybridizing with the genetic algorithm GA in cursive and discrete
handwritten English character recognition. In particular, a retraining
scheme for the clonal selection algorithm is formulated for better
recognition rates. Empirical study with a dataset (which contains about
100 handwritten samples for 26 characters taken from 30 persons) shows
that the proposed approach exhibits very good generalization ability, such
that results reported recognition accuracy reached to 100% for the
recognition of characters that have been used in building database, and
an average recognition accuracy of about 94% for other characters.
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s e pase) G L oy Jil) Gl o Gl [10](Los basee 058 Levie
oaill sn Gob e Lehaed Alslaey Jaall dnpn a3 ah Galad) s ey 43 seall
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0sSss »(antibodies salias abual dused il Jia ll) el dwed Gl jlas) o
& ki) laia s autocorrelation S BliyY) deles dad o adine Y1 las)
& Al antibodies sabaall alual) (e 2% JSI row-crossings <asiall e 22c
(a3 2pal) Cijall 3y g0 in Jiay 35) Ag dmiosall Bl e sV Aldapall 8 Lings
Cistall ylee 20 8 Gl e o Sl 313 Llg)) i s el 4lalls
AL Goyall 3ysea aal daddyall Ll QEY Gl 4 (5$ row crossings
goal) cp o<y Alidiallg proliferation L) dolee (& dadd) LAY o3a aay Jax
Cagus pdY) 4l a5 affinity s e e ella ) 4lall of Cumy , LDIAT) 53¢]
ol Lila Slhte s B8 UK ) 00 S 1305 cdl) e e ST el
A I el 5% 0 Jal) Wiay 3 e

o 4 Al Adalls s 5 L (affinity Al hie Sl elig) Y1 4l
goana goanay iy Lo saals s ellidi 8AY )y it dad)lls s 3 AIEN A4,
A 15 )

Juj Cus .mutation skl e Lo 5l sl dlee gl (588 dlee B
el ke 98 G A Gy Wpus il 5kl el () 43Sl il apen
ey Gkl AN Ll Jeles dagd Ua Jics llg) dlall jlaie pe LS Culita
L)) dad 5l el A 3l L) B aell aey,(row crossings Casiall e
[12].dalall capall 4l e autocorrelation (313

Update immune memory :4s i) 5S04 Eyaas

seven invariant izl 4egie a8 st JAl Coall e b ol ae
Lo adll san) 33l 35 Copall Qb ga Zueiall 3,801 3 Ly LaliiaY) £l moments
i Caga Al 5y0 Capall 13a Jla) die g - (A5ASY) Aalll Cajal sae) 26-1 o
alaill of Lays Vsl Genetic algorithm Zgall 4 )il aladinly e liall 58130 jand
050 GA Al Gay lsall U8 (e Blie oppdi oy Cipusd linaa z3eill 136 iapes 8
alaill S Al 8 Ll ,clonal selection el LAY el cledind ) Aalad)
clonal ) HLEaY) dua) lsd aladiuly ojudi wly Cosnd 3ya Js¥ Capall 13g] apiy
38 & index aluluiy dasudl 4ngie ad (3R b ojuad (e eleiY) 2ayg selection
[12].cayall 138 2a immunity delial) aUail) (i€ 4 Lial)

>3 164 STE



- BA St Aal) dia oAl Lingrally LUl Lousil) LAY Sialsad dnay tia

Recognition Analysis
z sl ,data model Sl z3gaill ooy ,zilad SO o< Alaall ol Jads

eSS A 43l behavioral model Ssbull #344ill5 functional model 4k )
[13] lialgs mua il (7 35a3) Lkis J specification —awa s 44

(Recognition Data Model)

s aeall) ddspe Julad 7.2

) sl Ald) 7 3gadl) :1.7.2
Al Sall mua gl E-R model "d8le— Al =30 aladinly Sbll Jadadall Jiey
1(3) a3 abaddl) b prmse 5o LSy, Spsal) Als pa Lgie (5S5 Sl dussi)l

Character image
< jall 3 g

Immune system

&

I

N

Immune memory

6o e

Update immune memory
Ao lial) 5 SIA) Gysas

Lelial) 5,814
/;;
Jad P
Clonal Selection Genetic algorithm
(o) LAY dga ) 6a Abal) dga )1 530
Clone generation | [Initialization Mutation| |crossover| |[Selection| |dJs) (s
Gl G055 gl 3 ikl Jay) JEay) SN
P D

Y

< name )

Character
s

@ Print character to a file ﬁ
i dila e G Al gk

Jatl) Ayl Ao~ il Jakada 1(3) AR ) 53 Jaladal)
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(Recognition data model specification) f oAbl labadal) Cuay :2.6.2

S pie dayyl recognition il dla e g5ad (3) bbidl b4 xas s WS

) pulal) JISEL Aliae lBlay Gl loans g (asizes Alilieall JEYL (fiae

(3) A 3 hahadll b by 4y Alaie Glba S JS1 Bl slad gsal
g ganl QYL

 apail) Alagal cilagleal) 3305y BN 7 dgail) :3.7.2
(Recognition functional model and information flow)
Jolls & Gan gl bl 355 bad pladiuly il Blad) i o
:(4) a8l g5 ahaddl) & miase 4 LS5 Data Flow Diagram J |)Lais) DFD

character image
Gall 3 ga

Input
Y__image

Immune

system
‘!,.GL.\AS\ ?LESS\

Recognition by

clonal selection Calling GA

Best element
Fitness +index GA

Clonal
Selection
ULy
sl

Creating antibo;ii?/

Initialization

dagal)

z/\AY)  Data Store
Ty cllioike

Selection
SELY) Ala ja

immune mem.
3,80 Eyaas
Lelia)

Immune
cells

generation

character

character Text file
N | Save o . .
il Character | e ile
to file

el s yal DFD clilyl) 3355 hhada :(4) a3 habidl)
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(Data Flow Diagram Specification) :cllull 333 ki gy :4.7.2

L recognition il dlaye & llull 34355 44K (4) A850 53 hladdl) miag
Gaa) bl ga eliall Ll (pagd a8 us bl o3 Lo e Al Slled) 4
ex vie Lelid) 58I Ganil GA dsiall L) lsall aladind Gk e ,GA il
el alaill ) ojnd ahall oyl Bya Jeay 2 recognition ) dls e
immune 4eliall 38000 jasdl GA Luall 4w )lial) clexinl &4 immune system
Alyg BN Jeall s Ty Llalye aren 2 GA L) 4 )lsa) fas ,memory
, selection &L )55 ,immune memory 4aeliall 5,813 Gligiaa Jraad e
Mo Al Way JaYl (e 2ass 22a] mutation syilall 1yaly crossover Jy!
lelabe maen 35 (o GA Agiandl Gy lsal) sl 2y Sl 20 wsill Jlal 2
iy @A) 3l Jicially HAY) diall o il 258 Juadl fitness 4L dad apd Cogas
Y] Aaleall Claal Al e s)le AL Al o« 3, fitness 43l ded Jd
immune el Al ) index aluls ) 4dL=yL ,Euclidean distance
Lo dadly dagsl) cwilS 1304 fitness value ALl Aad jassy cliall JUaill o5 .system
el cwl€ 1)) Wi index alulu aladinlyy sydle Caall Sua &3 Cagud [0 - 0.1] oo
clonal selection Lwall [LEaY) duajlsd clodinl oy Cagpud ol 128 & a8 Y
saliaall abua¥) e dis 3555 clonal selection latl) HLEaY) L0y lsa Tas ol
Oo sl any e A3 0l e sane (o aadl) Alery asiin Al antibodies
WA ded Juadl Ll 25 e lie 408 20 (5S6 Cagw initialization 4wl dls e
oty clones generation gl (o< cay A daladl ) Jasl s et
Jabe moen o lel amy gili 28 Jumdl sl 5 15al; mutation 38kl proliferation
Aae Ll 5913 Caan a4l ) ALaYU cslhall Coal) Sl 13 Jia ,dse) sl
) seven invariant moments (SIM) dasull a2l o 4dlals immune memory
Do @l Gpall g ah aly ,Caadl s am delial) AUl Sy delial 3,813
.text file oai il A& recognition i) Alsye

Recognition Behavioral model ) Ayl Soladd) z 3gadl) :5.7.2
I HUaia) STD = 4l Sap silly Al Jlim) ki alasinls (Sl 7350l Jiag
[13] :(5) &N 53 bbidl A x5 s LSy, State Transition Diagram
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input Invoke read op. Reading Instruction Invoke execution op.
" ¥ Bel @ Alla

A 4

Invoke read op{ | 5ad immune memory | Invoke Executing Instruction
e liall 5_SIA) Juand dla | Loading Syl La Al
op.
A\ 4

Reading Instruction |Ilnv0ke read op. Writing results

Syl 8 @ A il Ll A

Invoke$ o -
. aving result to
Writing op. Invoke gﬁle
R Executing Instruction saving op.
Invoke execution op Ja¥) i Al

Invoke .| Update immune
update op. memory

Sasal] Al jal Allal) (L) Jabadia 2(5) byl gd abidal)

State Transition Diagram Specification 4l W) Jabia Ciag :6.7.2
states 4Vl muagi Guh oo sl @lsle S STD Al Jlw) ladada o)
Lbidl & cage g8 LSy gual ) state Als e dilla st s ) Slaaly
Yl o4 A states <Y ls 4ald recognition Jaadll Alaje ai ,(5) & (53
s3a 2ty aUaill yaiv Cusy USH Al 3ol VS W (g, Jpenl) i), 3o )
Silla Waany Eannil Cigall S 2y e liall alaill cilay) o lgil Gea ) ADEN N )

o L) 3ySIAN sy bl Cipall (3 4y oAl

Recognition Design  Smadl) Ada e ananai :8.2
bl i) Bhlie sl o Gl G e 8 sl S
A Rpepenaill r3lall (s Alapall o3 Jadii Gl clisSally Aeals) iy lenal
w8 Agalsl) el dally Ll il Sall (ggine Jaalig allail dplena , Shall el
[13]-anall 138 & il Jlaall GBaal 4al))

(Recognition Data Structure)  Speadl) Adayad Ald) JSagd) :1.8.2
Loyl @lbldl palie o duahiall Gl data structure Sl i) B

L1373 il dalye o leliml ol AUl J8 (e jealiadl s2a Jia 4485
3y s lead data item whf)f\ Sl aiall Jiay recognition i) Al jal dpnally
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po Gl aays b daddiodl) Funed) MATLAB 43 Jalai Cum jopunds 2lyall Cipal
Ay, two dimensional array alaY) 48l Zésiad Wind sl §)eall bl
Yl AU A shiae JS8 aUaill U8 Ge e Jeladll aiys, Jiainn

(Recognition Architectural design) : juaill ddajal g5laral) areail) :2.8.2

sl Ayglhall malindl lisSes il JSe Jial glenall apesill i
G adiiy (z3sa) sbul IS @lerall apaaill (zila) cullal s dlliag Ul
O recognition il Al jal Ay ,ailllie Gy 4aseal dpall malipll 45lena
Call & a5l sledinl) iplend sl s (gilerall dapaa’ Jiial aslud Juadl
main "8l malipll/ iyl malinll' Ajlers 58 (e waaillis return architecture
ar Jh Skl JSelly SliSall Jia Ay program/sub program architecture
1(6) Al 3 bladall & mase s LS

Processed
Image

}

Immune system

Sl allail)
y A
Clonal selection alg. Genetic algorithm
RO IO VS S FEN dgial) eyl Al
, ' | | v !
Initialization Clones Update immune Mutation Crossover selection | |1 generation
- . mem. 2 -
Liggal generation o mem. P sy ) dal Gusss
) (5 ws::ji 1.:14“ 5 ikl (A Jalat) sy Al

~ v

»

> Text file

A \

Alajal g jlarall aanail) :(6) abyl) 53 Jabidal)

Component — Level Design  Jpeadl) Ayl ligSall— (g glna aanat :3.8.2
btV cllaladdl) Jie Sl (s5ine apanail addiiall (3ylall (e dall Sllia
Caall dailly Wl pseudo code[13] capall (25S) alasiuly Joaall apenaill casluds
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alaaiul component — level design <lisSall = (ggie apanal Jiad & Cagud s
PDL . hlaia) L japn Ally Programming Design Language aeaill daay 43
—(ssinn el Aansillys L asanaill Cihe (2580) alasinl Ayl ind zyam Aiphll o3y

k,;’t)“ il ey, jma sl E‘Jﬁl NS PIRE: Daadl) Als el Gl Sl
PROCEDURE recognition
INTERFACE RETURN character;
TYPE image IS ARRAY TYPE;
% immune system procedure include genetic & clonal selection algorithms
PRODEDURE immune-system
PROCEDURE RETURN char;
[ fitness index] = CALL GA PROCEDURE;
IF fitness > = 0 & fitness <=0.1
THEN char = CALL rec PROCEDURE FOR index;
ELSE
THEN char = CALL clonal-selection PROCEDURE;
ENDIF
END immune-system PROCEDURE;

Recognition Coding ¢ el Ada g daays Ailes 9.2

g Al el 538 el (3o 7 3gai zhal wl gy jealindl (58) Aayall o34 aum

leds dada 30 (o ST ) (08)) Giladia dae cliay Cua (358) pan S Cany
:MATLAB 4l dadl (a<1)) (e e b

- Immune system code:
function [char]=immune system(letter)
% checking immune memory for the letter
[index letter min]=GA (letter);
if min>=0 && min<=0.1
char=rec(index letter);
else
char=IMS (letter) ;
end

- Genetic Algorithm code:

function [index letter,minv]=GA (letter)

format short g;

[fname, pname]=uigetfile('*.bmp', 'please select the
image') ;

shl=fullfile (pname, fname) ;

sh=imread(shl);

sh2=im2bw (sh) ;

letter=imresize (sh2, [50 50171);
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a=load ('immunememory.dat');
b=simoments (letter) ; : X .
[r c]=size(a); { w\wﬂwm@Q
generation=a;
for genr=1:20 %no. of generations
for j=1:r
suml=0;
for i=l:c
var =sqgrt(abs((a(j,i)"2-abs(b(1,1i).%2)));
suml=suml+abs (var) ;
end
fatarray (j)=suml;

end
index=1;
m=fatarray(l);
for i=l:r
if (fatarray (i) >m)
m=fatarray (i) ;
index=1i;
end
end
pipl=a(index ,1:7);
randarray=randperm(26) ;
index2=randarray (1) ;
while index2==index
randarray=randperm (r) ;
index2=randarray (1) ;
end
pip2=a(index2:index2 ,1:7);
[chl ch2]=Arith Crossover (pipl,pip2);
[chl ch2]=mutation add(chl,ch2);
for ex=1:r
if (ex==index)
for §=1:7
gen(ex,j)=chl(j);
end
elseif (ex==index?2)
for §=1:7
gen(ex,j)=ch2(j);
end
else
for §=1:7
gen (ex, j)=generation (ex, J);
end
end
end
generation=gen;
end
fatarray
index letter=1;
minv=fatarray(l);
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for i=1:r
if (fatarray (i) <minv)
minv=fatarray (i) ;
index letter=i;

end

end

index letter

minv

Clonal Selection Algorithm code:

mem=[ ]; mem=xlsread('immune memory');
function [char]=IMS(letter); letter feature=[ ];
format ('shortg'); sh2=letter;
sh3=imresize (sh2, [50 50]); se = strel('arbitrary',3);

IM2 = imclose(~sh2,se); inletterl=slantl (IM2);
inletterl = bwmorph(inletterl, 'bridge', inf);
inletterl=imgedgescrop (~inletterl) ;

inletterl= bwmorph (inletterl, 'thin', inf);
inletterl = bwmorph(inletterl, 'dilate’');
inletterl=imresize(inletterl, [50 50]);
imagn=create vector (inletterl); dada ) ygall Jigadl malip
[row top fin]=gen initial pop (imagn);

% row 1s initial population of 20 members
% fin is their affinity wvalues

[top rowl fin2 features]= top five(sh3,row,top,fin);

%top_rowl is top5 elements' array chosen according to
their S%$affinity wvalues,fin2 is top 5 elements' affinity
values
clones=zeros(1l,15);

%creating 5 clones of best element

for j=1:5
clones seq(j)= top rowl(l);
clones (3)=fin2 (1) ;

end

%creating 4 clones of second best element

for j=6:9
clones seq(j)= top rowl(2);
clones (3)=fin2(2);

end

%creating 3 clone of 3rd best element

for 3=10:12
clones seq(j)= top rowl(3);
clones (3)=fin2(3);

end

%creating 2 clone of fourth best element

for §=13:14
clones seq(j)= top rowl (4);
clones (j)=fin2 (4);

end

%creating 1 clone of last best element

clones seq(l5)= top rowl(5);
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clones (15)=fin2(5);
% mutating all clones and finding the best clone
b=0;mu clones=zeros(1l,15);
for kk=1:15
mu_ clones (1, kk)=mutate (clones (kk), kk) ;
if mu clones(1l,kk)> b
b=mu clones (1, kk);
end
end
for p=1:15
if b== mu clones (1,p)
sequence=clones seq(p);
if p>=1 && p<=5
immune mem=features(1l,:);
elseif p>5 && p<=9
immune mem=features (2, :);
elseif p>9 && p<=1l2
immune mem=features(3,:);
elseif p>12 && p<=14
immune mem=features (4, :);
else
immune mem=features(5,:);
end
end
end
[rm cm]=size (mem) ;
mem (rm+1, 1) =sequence;
for i=2:8
mem (rm+1,1i)=letter feature(l,i-1);
end
char=rec (sequence) ;
xlswrite ('immune memory.xls',mem);

Recognition programs testing :meadl) ddsye Taln oLasl dds e :10.2
el Al test — cases JLAY) Yl e Aduls aead Alsjall 228 4 S
zelpl las) s ahadiu) Gyl oo @l ayy eVl alay G Al Al

[13] :nes Ao 0588 Al software testing techniques

white — (an¥l Gsaiall Hlas) cawy ,malind) @lisSal Jal) ghidl oy e (1
. box testing

ALl Agh ) malipd) slaal e Sl LAYl JWaY) pasdy JEN el (2
[13].black — box testing 25u¥! Gsriall HEAL ans,elaY) JSliag

White — box testing o) §gdiall (asd :1.10.2
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pladinl 3k e test cases HLEA) CV s avaad 1) LS Alapall 038 (panat
b by, JEAY) oY 3lasy procedural design JhaY! aeaill syl J<a
[13] ladan cilshad

(Basis - Path Testing) Bacldl) b s :1.1.10.2

logical complexity il dygmiall Jihaie (e GG Al 28 fag
de gana il JAS aadiy K1, procedural design JhaY) awesill measure
& statement iles JS 343 Gei of lgle s ,2dal) @l basis set sacll
basis path sl Ziph laal lay [13]gandll MA saals 5yl J8Y) o maliyd)
component — level design <lisSall — (s5ise araai 5 (2580) alasinly testing
ilajye o) Lags Flow Graph 38l oLl auyl) apaal gl 3206 PDL Lbie s
il L aly il JUEAY) Aee chaly it Cipms Gl gy 820 paci el
[13] - JUERY) duleny Ll 24

flow @@l bl auyll oS basis path testing saclll Zijh il lay
nodes aall aaail maliy JG (aldll @l Cdl-gsiue aeai Ao slieYhs graph
Y galind) Slid) clshad 8 miage g4 LSy ,edges ikl

1) Immune system procedure:

PROCEDURE RETURN char;
[ fitness index] = CALL GA PROCEDURE;

O,

A A

r N
IF fitness >=0.0001 & 0.1

THEN char = CALL rec PROCEDURE FOR index; @

ELSE char = CALL clonal-selection PROCEDURE;

ENDIF @
END immune-system PROCEDURE;

PRODEDURE immune-system @

) acll 1(7) aB 53 Jabadal)
flow graph sUdl) alall) zali)l
(Cyclomatic Complexity) T IR

-
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sl Gad Lo basis path testing sac 8l ik Ll Ge Al sehadl) yeuat

i b WSy, maliyll Cyclomatic Complexity (g)sal
ddlaall bl 22l (gbue V(G) 30lb A ey @) (geall aadll jhaie -1
a3 Jaladall Zaillys ,flow graph zelinll il Sl syl A regions
dshiall Clasy @llyy 3 dalidl Bl 2 &1l flow graph Jie 3 (7)

) daylal)
eyl dfadl Glilall e Jii=E Gl &s ,V(G)=E-N+2 -2

cdiall e =N

3=2+6-7 :V(G) s aixill ) (7) labadall Al
et Gy ) siall 2ae Jus predicate of ¢ua ,V(G) = predicate +1 -3

3=1+2 :V(G) s aaill old sl dpsillys s (0 S
el Uil =aliyl cyclomatic complexity sl agaill Dhoie o8 Al
i) & independent paths iliius ¢lllus 3 Slia 43l 41,3 58 immune memory
saclall ddyyla Hlodl e AN 3sdadll et GlA ,basis set sac &)l de gana S5 Cogus
statements Jes apen 4ohiad Glexal tests @hlidl 3 aead basis path testing
[13] .immune memory  .cliall aUaill zaliy
(e AEiia) Jadii g8 gmelill basis set sacldl) de pana JSEL ) Slilall 4l
(7 o) 53 Lahaidl)
L6—4-3-2-1:Jd6 dlual
6-5-3-2-1: 48 dlual
L6=5-2 -1 :&E Sl

Deriving Test Cases LAY eyl gldid) :3.1.10.2
CNla juaad el basis path testing sac @l digyla Ll e Yl s5ladll g
:basis set sac @l de sana & el JS 285 ecai Test Cases lodl

0¥ bl JLEAS Ala

immune 4elall 5,813 & 33 5m 00 o3aai 2yl Copall 5y (p5< Allall oda i -
GA 4l daa)lad) By (e 358l o)al 18 memory

st cile e i) Cipall delda thadgiall Aol -

fAE el lal Ala
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immune e liall 581 3 jua dyall Coall slay are Alls 6 lall Comy -
-oymail clonal selection Luwall HLEAY) Zae) lsd clesivl 24 13l memory

ot ile e paall Cojall Gl dadgidl) Aagll -

AN laadl LSS Al
el 3ia3 ane s Ao liadl 58030 byd (e J5¥) o3l a3 Ala cllad) o Camy -
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Casall
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< mal) Alsye el Ay e HLEAY) 1aa gl Gadai Sy 1358

Black — Box testing :3gud) (3 gdball and :2.10.2
dal) clllad Je € al WS LS 0l Geuall jlady deall
reUad¥) (g 3000 GlaY) alay) Jslays zelinll functional requirements

ala gl ey Ll alaadl (1

ludls ol eaal (2
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Conclusions sela ity
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S e le 3 GA Gl daa) il lyingy ldll LY Ga) Jsa alaiiad of -2
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