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Abstract In this paper, some initial investigations are conducted to employ Clonal selection for classification of multi-
spectral remote sensing image. The clonal selection is used to explain the basic features of an adaptive immune response to
an antigenic stimulus. The general algorithm, named clonal selection algorithm ( CLONALG), is derived from clonal
selection to perform machine-learning and pattern recognition tasks and it has been adopted to solve optimization problems.
In this paper, image classification task by CLONALG is attempted and the preliminary results are provided. The experiment
is consisted of two steps: Firstly, the classification task employs the property of clonal selection of immune system. The
clonal selection proposes a description of the way that the immune systems copes with the pathogens to mount an adaptive
immune response. Secondly, classification results are evaluated by applying three known algorithm: parallelepiped,
minimum distance and maximum likelihood. It is demonstrated that our method is superior to the three traditional
algorithms, and its overall accuracy and Kappa coefficient reach 93. 63% and 0. 915 respectively.

Keywords artificial immune system, clonal selection, image classification, pattern recognition, immune algorithms

FERE T HUA B AR B B T S e B F AR

1 5| & m%‘lo el # R BB H Jeme i1, H
Burnet i Talmage BT EEMED
SREEB R R AR RANEARBZ —, B HR4E FLREBE R I3, De Castro $2 4 | ERELE R

BEE&WE : H5K"973" M H (2003CB415205) ; H&K B AR ¥ E4 IR H (40471088) ; E K “863” 1R H (2002AA135230-A) ; £ B R F L0
WIXAEE LY 5 BITH (200142)

607 B 39 :2004-03-12 ; % [E] 139 :2004-06-18

F—EEEM (1982~ ), 55,2002 F i TR BBER TR¥ER, VRN A E 2R E R IR EALREEL
R4, FENFBRBGOEHE SR A TS RAMEGEEREFHEMHR . E-mail: shongyanfei@ 163. net



#1H

P OF AT REEENSLEE BB RKE®K 19

B e AR A A A
EBMRAHEE TRIE, Kim i gkEERAT
BB ARK I, I BIRE TR HRE, X
AR BT W REEE R T B AR ) Sk
B RN AT R

RMFER BB LT, R R RA
BERIFN . HHRAERER T LT BEA L
G g W Ay AN B oy K2R, b IR M A 26
B TFAREN PR A TN TH, B
SIREE TR G HG BEBSR A R B 25 A B ] R A
BAVE AR RLERE RS E SR
BN, B TFESL BRI R P8 o B O E W R A&
T A LSRR B, B F o7 B 894 250
BEHH LU R R ER By KR —Fh
CABEASRAMER MK BRI M %, i FHAE S
AT AR SR EIR, B2 200 B B R W 4y 2k
FirEe B TEEHEE TR ENRES.D
T BT R FEIBURE A X 38 T A R A I S (R KA,
M EL B REH Rk A i 4 R IR bk 7 U ke AR it
Frig Bl M R L O BA R,

AR 7o R R R SR AR ) ) PR R R 3R ¥ (clonal
selection algorithm, fRi# CLONALG) , i FH4k& T
AP RBFRORZ RN, FEA AR BFT.
ERRVINERRUA O - p RN A N = 47 3 87
BRI RMAMAMABELE, T HER R 2RI S
S, 3R HA i PR A B AR B AS Be 9, TR X HoAth i
AT RFER:, i e BB I S PLH FEH R
BHE b B AR — B (B AR TR Y S 2 48
REBAMSRE LA AR, BT sk FamnF
AT Btz hLE, AT R & R R B L, AT
B e RRM®S . MTiREFEELEAR
AR, B A SO A0S i I 35 R B s 10 B 2 Uk
RS BT —HE TR RN S kiR
EBRAKEY,

2 mEEREFEREE

AKREBRFIE L, B F VA A M RR R
Go ARARGRMAN 0T HEAMBEEHRNE
HRGK. MTRERE"" SAHPHRIbREHRK
SR WTTARIE T A4 frisf TR RE . SRR S
R E BN AR 7 A4t ik (antibody ) HRIFER SN KA
R, F YT AR MY (HR RS R M4

i AR B 5, EATEFR B (antigen) , HfE R
FRHEARE R W E R H M ER, X Eeheik
A4ERE AT LA B 4AfEAT T 2P KK

N T RREILARTE L, S B R RN
TERZEUL, 5 R AR S (AT IEA RS
BEEBETAIE B, BB RIS R A
FHEHUATE BTS20 B AR R

TR ISR EERA T B 4
LTRGBS | R A
A B AiMTTERE, BEfE SRR A T R R R, A
SHUREA R RENSUR . TGRSR R
YRR, IF B RA SR BB Y
SEARMA TG LANERE , 2 17 78 5 U 00 S s 4 A A Ak R
A (HTRSON AH) A2 AR

PERE VR TR R TR R N F —
SEM 7 A (affinity maturation ) B335, Bl iz 2 2
— AN RN BRI A E S B LE FEAIL 1) B9 4
AT, G E A o e, BRI B
K@ RARERE, NXEERE, R
A ER—AMERIGR AT AR, 2ol A A] Dl
R FHAE X SR AR A A R L SE B

3 mREREE

De Castro I Von Zuben K 7o f& % ISRy H
AR FEH T 5Bk E P (clonal selection
algorithm, CLONALG )™ | M % 4 % #& &
1 Bk,

CLONALG #5358 4K

(1) BIERFEATR ¢ e G, HH G Fmit
A, B FRbiBES TUASER N;

(2) WEEMNKRR S BEHIR g SHikE
A B A N PR ER T

(3) MHiLIRESR B F%E#%F n N S5HR g FM
NEEBRGHAE, mE -k E
AB™ =1b,,i=12,,n};

(4) Xt n MR MPLRHETT B BAE, =4
R EES C;

(5) X EEERES C, #HITEFHME, 4R
BAERGNES C;BERTRY, SHELSA R
MR RSN

(6) EIFIEEMNKE S, AFEHE g 55



20 o E R E TR

F10%

®) z-gmwwmwﬁﬁmw}—»

kg,

(1)

FR LI

(2)

(3)

4

Bl mELEERRER
Fig.1 Computational procedure for CLONALG

BAERES C HITERIAIER;

(7) M C; shEH 8 SHUE g, F RN BIFH
K b, AT

(8) &G JAEFERBANBERIIAES B
(L:ff d fR3E displace) R EHT AR B i d ST
PR B AR EA ST AL, LASE ik AR

De Castro F1 Von Zuben(2000) ¥ /A5 HIIR
%, & BARE AL RN TSP (5] GX b AT 45 s A0 SE e e 4%
BT T R, BUS T8 RD ",

4 ETREZENSKILERZES
XHEZ

A SCHR S B T SRR R 2 ORI B B R
KAETEE AT AP RREI: — REHYI4
FEX, HARSE B A , F I e R FE R 1k 0k
1T H % RABRIRE L, RIS IZHU AR T T
7 ZRA S S 85 R B IEE B RET K
HFERBEERRE D, — SR AN E R RR
Tk, M LGSR RGN E D, Rk S HRA
N SEHBURFAE , BRI, AR SCX TR0 B T R e R R A T
TN, LIS AT 26i%8BE R MK,
HEASEMT .

4.1 YIGHRERYZE

LT 2B BRoxh 4 e D AT U

(1) WIRTUARRER =4

VIRTUARE AT BEAL™ A , qnxd—MHEX, B SEHs
HA MBI KRR D HAHE . BBERAS
BB, M ST B A A IX R B B
BRAEMB/MEZ A HEENE. PUiESEE B i3k
IEIIAES B ANEILyiiRE S B™ (s,m 53510ER
JHets, 1) R IRieiihiksE s B = 16 ,i =1,
2,-,r} r RARICAZ IR SR A MBI B A iEAZ R
LEB"=1{b],i=1,2,,m} , (RRINGHEA RGBT
ERBIMREPOIUE,m FRICIZIURES Pk
BB MG, BT IREE S G RERLE IR
—MEGSUR g, P G={g,,i=1,2, M| M
ATUR B, BZINGRIX B YIZRREAR B

(2) RS RBUETTE

X FHUR g HHZHURBIGUASE B H AL
ENIE S A

R FAYUR BT R BR EQ B B RT3 2R A1) e 3
16, fBRE g ZAPUR, b RAPUE, 1 FoRABYELN
FONGRE XU SE MHUR BTURR R RN

f}:_ Z(gi_bi)l j=112""’N (1)
PURERENMUER BB D, Ron ZIUR T TR



1 Phifle © 4 BT RSN ST R B KH% 21
MR B HRBUR ¢, SFARAESIEES C 1A
(3) HEEHRAE i
EEE SR ¢ KM NG E e
MRS B it SR g, R4 & el ) BEEE

i 0 DL, PR B

(4) TeREHRA

Xf n R KO PRI SR B A, P
SERESEA C;; SERE LR R A 5 L LA 17 SR
D S A A OSBRSS o ST
SRR O

Ny = iround(é;—[v) (2)

KA Ny Fnw R B MR B8G8 RIGHE R
BN RFTEHLRR BB round ( - ) EHUEBRIER
BN, N =100 F1 g =2, M BB FEM S Pk (i=1)
W iR 200 £, HETESE 2 DL PUAAR (0 =2) B e
FE 100 £%, Ktk
(5) BRRAE ,
X EREE S C, TR TR, R R A R
JG HHIRES C;, b SHURZS A 109 s Rl
/e HTFPUES B FERNSH R AT
BB, FUIAK SRR R R, T
FALEER HERET W0,
wS= (0,041 ,04,000,0, | R—R, R
v BRAHTEF, HREEE R [a,,0,], &R
SRR S = (0,001,000 0,) B0
. v, +A(t,b, —v,), Ui random() >0
= {v,( -A(t,v, —a,), HNHE random() <0 3)
B random () gy A 35750 43 #i B BEATLE PR 3,
PR A(e,y) R RIA AT AR,
Alt,y) = y(1 - (4)
Hrp,r 200,1] 8 —EEVLE, T R FERKRA
8,0 AYFEIERRRE A BREE-BHEERN—
MY, CREHERBERXBAER, HRE—
2 BS,
FHENERBEFIERMERRBERGEE
REW, EEBREAD —-ERBE, B THRZ )R
MR, B BRI RE T RAERBUES , TR
AET B EREFHEFER S EARBERR
R, BB, B R E F BN K, H
B TR & AL AR, 2R R 00 B ORI, AT
RE —FMHEA R RO RYER
(6) FMAHE

W C, s E IR SHUE ¢ F A BITAME
B HOAL by SZHUELX L O B AR HLIA b, %
FUR g RN, MRS, >f, W b AT
{ZHOIRRE B™ , H 45 b,

(8) BB AR

BT HMPUR R £, N C PikdE d M
VS B ESAES B H BY P IHAMA S e
dAMFCIZHURES B B IBRARE R HE

(9) MFEMIGHRNEGMEREAEL
(2) ~(8) 2, HEM A& L &M R 1
4.2 N3

PGS BUE , BN B KA iTiZa ik, 5
HERIEBRE— MR EPUESCIZ BN R
S1, FERAR EHUE I B A BoR (DR RS BN )
IR ATAZ IR TR B2 R
4.3 HEENH
4.3.1 BHURSPEM T

R CHUR TR M B B R 2 s
B BHAT A 2R B MAWBREET 1, 88
ATV LABESE 1 sl o SCHR(3,10,13 ) E B
EJHEIE B T S v P R S Rt R, A
R R T R 2SR B R R
RS
4.3.2 FHEBEIHT

e ERAREEA U FHAE AP E A EE

W

e
(1) n( R 3 LAE 4 ) HREN
PRBE B i Pt R v ke A LA BB RT3
RS LA B™

(2) WA B(REHEE 4 H) . th BATLUR
BITEREHUARRE C; BIRAD, B N e FIR/IN

RFASHEEL W TR TR . O %
PSSR s @B TR I B e s QFL ML I B I I R BE
o XEFMTEA UL R PR AT FEAIINTIE o

5 XB5ITe

5.1 XBHE
SCHR R BB R 1998 4F 10 A 26 HARHRK



22 P EESREEER

%10 %

RO T™ @B, BRTE 1 5RI ™™
MR W AN THBLZE R AR B P e 20
KA A B R 4 KA X 4 MR
TR ERME R T 2 BR.
5.2 HESH

AT MBEESEHIT T A E B REA T
HIZK ARREA N EHETT NGR4T 0,8 IS ENE
i Al

(1) Z%n B

TRIFNRERB=1,d=0, BHn=1{24,
6,8,101 , Z3HIHHX 5 M BLT , XK I gk X
HURE A A A AT Y St 8 R i S ) AR I 2
ME 2 H IR, S8 0 X TREEHRSE RS
BARRBCEAK R TS H n MR E Bk
B™" R/ F o 4.1 35 i 2 K0(2) aT AR A,
R /N (6] 4% 5w 5 ST RE ST AR #E € B9 RN, B
Noone IR T L e BECRROR , 38 TR 75 22 I (]
L,

40r

4 6
S¥n

B2 S8 EE W
Fig.2 CLONALG sensitivity in relation to n

(2) 3BFRKLB W

BT B BA/NE W TR JE 18 B LIk #E C
R/, B N e BRI, R T B8R H X A 1
B, LR 0 =5,d=0, 03B =11,3,5,
THe XF 4 MARK B, HABMSH IR ERN &
AR BRI 3 Bim, mIE3 aTLIEN &
B BK, MG IA SERERE LA R , LB M S R UK
Fosti/ ), SR 10 18 53 5C A5t HOT B B T B
N 2 LMK

A% R SRS AT UKL, FEASC
R RE BT, EHAE L 0 F1 B AT EUR
EZE A BA B AR BOs BB
5.3 HA&ER

FIRIASCHR ) B9 2R T SE e Y B IR (R 20 26

15 i 1 L 1
I 3 5 7

288
E3 SHME RIS
Fig.3 CLONALG sensitivity in relation to 8

BR R M R (B T 1) T, 5B
FWALRERNER I B 3(a), N TIERAAE
4 TREME T RBEENERER T LRENE
S, R 3 Rl iz N R B G o K07 i (R AT
FHEE BNEBEMERMUARE), R —EZ
%, BIERIHT T™M SR (B T B 1) #7740 28, 15 3
KGR B WERR T B 3(b), 3 (c)
FE 3(d),

MERR 1B 3 B3R REXE, RATVTE
BIEE A S LB E, W, HiF 2 AN R T
BHIBOC/T B T BB, I HEFERDLEHBL,
WA E , R LHBRIT S LRREIARF, I
B T B 3(b) 7 T EMAMAR A AR
AT BIANR S BIK R, B K A A RE
IEMHEAT 2 R R T R8RSR
Wi 2 B3R R B e/ NIE B 43 2R A RN R A A TR
S E, WER 1 3 () W, TEX N FRER L
BRI AT R R B E S B R AR T
FBE s R AR BMR LT, 76X AR k4T 40 et
HHRTHLZHETBE, WER T E3d) M F
MR L ABRFIMAA AR TE AR KR
Ryt AR B 4y BB B 28, TR AR L 43 7K
B RT3 T B, BB RAELSA
W TR T Bk R 0B B i BB
AR B T2, ILERR 1 B 3 (a) , SRS B
BB, Kk B R AR B T BB 4 2K
BT L, A T H A Bk n] DL B T e b
RN BRE BRI RBEENTRBRERTEEN
SE T
5.4 HEBEERER

N T EH— SR T R R B R R
SEREHRIEFYE EEHAE T B EENE




F1H

P CE R TR EERN S GRERT B KT 23

BB KT 5 e G i B A5 0y K07 v (A7
FIEY B/MEEE BORIARE) T TR
WERLE(WE1.£2), HERHAEHAKDE
FLARVRA 4R AR I 7 B R | RS J A Kappa
R Hepk x4 R BB ERHAT T I
B, R 2 X 4 R4y 205 B ) BOKE BE AN Kappa R 80H
1708 AR 1AL, AT R B/ N I
KA ERIREHE P AL TR Z BN THRT
REEFERR BB R AR B ER X ALTT
R, SRR T iR R R0 KR
HEIEH S R EMRICR A2 e 2 2K 05 B B s s I
2 X4 BT B KRS BEAN Kappa R L
AT LA Y, 22 RO BE 4 i e 3 R iR G A 2 T ik
1 69. 13% 81.25% 85. 13% R HE TR T uE%
BEWREH R KR IER 93.63% ; i Kappa REL
WA THRISR &, BV R 500 K77 3519 0. 5961 $2
REATRTREBEEENEREZRSLE R
i 0.915,
R1 A#MSEFTEREERENLER
Talbe 1 Comparison of four methods of classification

in confusion matrix

a¥E BR kik ¥ #EER O BR &
¥ 20 12 5 9 46

ki 180 0 0 0 180

PN B 0 77 0 2 79

RCLE Jif 0 111 107 0 218
B2 0 0 88 189 277

MB 200 200 200 200 553

ik 200 5 0 0 205

K3 0 123 13 18 154

BMERY: HE 0 12 155 10 177
BB 0 60 32 172 264

M 200 200 200 200 650

Kk 200 0 0 0 200

B 0 172 0 0 172

BAMRY:  E 0 11 175 66 252
B 0 17 25 134 176

S 200 200 200 200 681

Kk 200 3 0 3 206

ETRE  my 0 182 9 3 194
i 5% 1) H 0 8 179 6 193

LA
K BR 0 7 12 188 207

S ¢ 200 200 200 200 749

MFE IR 2 PEGETHEE T I, 2T s R ik
BB B LR RN ERFHBEST
RS X R RN P EE RN R/ N

R2 4FSEFESHEEN Kappa RERILE
Table 2 Comparison of four methods of classification in

overall accuracy and Kappa coefficient
SRITH

SrHNEE FiT B Bk BETEBRESNZGE
: WL EER MAY  ERBGIRER

LREE(%) 6913 81.25 85.13 93.63
Kappa 3 0.5961 0.7550 0.8017 0.9150

BAEPRAHUE R AR, B W 20 A R R
0 NTTRE IR AR T4 43 s ORISR R IO RTER 2
TR LR B 2 R B R IS, (i T
SEPRIE B IOREASLYE 7T BE 5 IES 2 i B Bk,
IEREM T SR AUSR TR 1R 2 R B 5 T 26 T e e 2 #%
WBRE B KA, T RA A HSRM A ¥ T
BE 7, BT X AE AR 730 A% B0 P AR RO RR A, B
A7 B89 2070 1 BLGE AR  OL 1R T AR i
BAR BT DL AR AT IER A9 72K

6 % it

(1) ASCHR 3T a1 2 0B B
BAOXREE HTFRAFAT REEFREENE¥
X BICAZHO 5 R G RT AR SR K A T U R A
Pk B e R Ui, XML S M4y K05 BB
ARHEBH

(2) ACHBR T LR R B ERBEFR
RS EAR B Rk, R E A, B RE
Fu AR A, WO & AL A4 , A8 R ok
BN, T EREE -FTEERENRRER, HR
LR AT T AR, B A A5 U1 25 R BT IA
R TR X I ) B AR o

(3) SEERTEIA, A IR T Rk FEN E
BB KA BBREN TSR
Frok, A K Bk 93.63% AT E B K
69. 13% , e/ BB ¥ 1Y 81.25% Fl B K AU AR W 1)
85.13% 4 T W1 i 3% 5 ; Kappa ZECH 0. 915, 8
AT IE TR 90,596 1, B /N B 0.75 MK
ISR E:190. 801 78 TR KRS,

£ % 3Lk ( References)

1 Jerne N K. The immune system[J]. Scientific American, 1973,
229(1):51 ~60.

2 Burmnet F M. Clonal selection and after[ A]. In: Bell G I, Perelson A
S, Pimbley G H eds. Theoretical Immunology [ C], New York:



24 [ E R E AR

F10%

Marcel Dekker Inc, 1978 .63 ~ 85.

De Castro L N, Von Zuben F J. Clonal selection algorithm with
engineering applications [ A ]. In: Proceedings of Genetic and
Evolutionary Computation Conference 00 [ C], Las Vegas, Nevada,
USA 200036 ~37.

Kim J, Bentley P. The artificial immune model for network intrusion
detection [ A ]. In: Proceedings of 7th European Congress on
Intelligent Techniques and Soft Computing[ C], Aachen, Germany,
1999:13 ~19.

Kim J, Bentley P. Towards an artificial immune system for network
intrusion detection: An investigation of clonal selection with a

negative selection operator [ A]. In:

Evolutionary Computation[ C], Seoul, Korea, 2001 :27 ~30.

Proceedings of Congress on

Atkinson P M, Lewis P. Geostatistical classification for remote
sensing: an introduction [ J ]. Computers & Geosciences, 2000,
26361 ~371.

Forrest S, Perelson A S, Allen L, et al. Self-Nonself discrimination
in a computer[ A]. In; Proceedings of IEEE Symposium on Research
in Security and Privacy [ C], Los Alamitos, CA, USA, 1994,
5.202 ~212.

Adams D. How the immune system works and why it causes
autoimmune diseases [ J]. Immunology Today, 1996,17 (7):300
~302.

XIAO Ren-bin, WANG Lei. Artificial Immune System: Principle,

10

11

12

13

14

15

Models, Analysis and Perspectives[ J]. Chinese Joural of Computers,
2002,25(12) ;1281 ~1293. [ Y AW, E5H. ATHRERS
BR T RREELT]. iR ,2002,25(12) 11281 ~1293. ]
De Castro L N, Von Zuben F J. Learning and optimization using the
clonal selection principle [ J]. IEEE Transactions on Evolutionary
Computation,2002,6(3) :239 ~250.

WANG Zheng-zhi, BO Tao, et al. Evolutionary Computation|[ M ].
Changsha: National University of Defence of Technology Press, 2000.
[FES, MHESE AR IM] KUY BB R
#1,2000. ]

Wang Lei, Pan Jin, Jiao Li-cheng. The Immune Algorithm [ ] ].
Chinese Joural of Electronics, 2000, 28(7) :74 ~78. [ %, %k,
HER. RBEHE]]. B T¥4H,2000,28(7) .74 ~78. ]

DU Hai-feng, JIAO Li-cheng, WANG Sun-an. Clonal operator and
A]. In; Proceeding of IEEE the First
International Conference on Machine Learning and Cybernetics[ C],
Beijing, China, 2002 506 ~509.

Giles M. Foody.

antibody clone algorithms [

Status of land cover classification accuracy
assessment{ J ]. Remote Sensing of Environment, 2002, 80 185
~201.

Sun Jia-bing, Shu Ning, Guan Ze-qun. Remote Sensing Theory,
Method and Application. Beijing: Surveying and Mapping Publishing
House, 1997. [ #hKHH, &7, X FEH. BIRFH S MBI M].
JbmT WL AR, 1997. ]



S BT RRERMS LRERSBRORER Bl Rt 1

120
100
& B8of -k &
& 60 Rl
é 16 H
y B TR % E
® 20}
0 ;
6
e AT o8 w A
Al £ XTM#E(6ANEA) B2 4#pnptE R HER
Fig.1 Wuhan TM image Fig.2 Four spectral reflectiveties of samples

3 ] b 4 g ”g h&
(a) ATARABASEALEHEHRR (b) FHBEEFEAER

LT

(c) RAEBESALR (d) RABMERASELE
<+ Bl s & 5% 52 A 2
B3 dFoR7E2RERILK

Fig.3 Comparison of four different methods of classification for Wuhan




