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Design of Classifier Based on Immune Algorithm
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Abstract A novel classifier based on immune algorithm was proposed to combine the adaptive recognition capability
with global exploration capability. According the principle of gene revolution, negative selection and clonal selection, the
mathematical model of classification algorithm was given and a classifier based on immune algorithm was designed. Fi-

nally, the algorithm proposed was tested on handwritten digit recognition problem,and the comparison with other clas-

sification algorithms indicated that it has a great competitiveness on recognition rate and recognition capability.

Keywords Classification, Artificial immune system, Handwritten digit recognition

1 5|8

SAAAENLAR 2 ) R B AR IR A N R
7. NEEEED h—HINGRAMR, Mg R —
AR 4 B R AEAE B &, BB M GREA T A — 135
We. AENVGEEIEERRE S~ T A4
KBARHERTIEANFTRES ., —BERSEBOHE.
TR M2 RED GRAEE EM | I 374320 K2 4R
BEE HEEV M FEEYS, Lim 4 A AT
B ERIE Zett L R R RAt %) 33 R AR B MIT T |
¥, BRTEEIAARTEERA RS &8 M S s,
Sz o [ B ) B2 e LA e 202K B WA A TR SR B R A 78 T TR —
P s AR — R, ATRERGE—MaEY
R ETRATEER, AL T — e Emoise R
MR, TR E 2R, 8 P S e LA i
T 2R A B R IR, B sT R T E W RS
M RESH B EE S

YRR RGEEERA S EEE — AR, th
MEEE LI BE R APAIRS] 10° FHREBRNHEM &
FHLI R P RSN HENIRIIREEEURE
BRYPMVENSE, B, REELETBTEMRERS
SRR F RIS 5 R, 1993 4, Forrest™™ 25 A B ik
RAETF i FRABEHNEENBEER TEYRIERERH

PSRRI, 1436 T S BB 5 I PL% . 2000 48
Dasguptal' 2 A thgE T i TR RHIF A TRESE
EBREENESEREER FATRAUFEERENRET
3. 2002 4F de Castro 1 Timmist® $#2 4 TR IRBH AT
SETEHRER, IEESE TS MG NIRRT
WAKE ., 2005 4F Hart" i — 8504 T 2T A T RBEME
RIRFIBEEF MRS B LSRN ESE. BRIENINEER
BHRAMERTRERGHIENSEBBLE LR 5LRM
H.

AXREH—FETATRERFEISH S-S, B
GEBESITHFEIE N ZE, RATEEER BG4
WA MBI PU R e, R A R i BB i bk
FEMHAT R AREA MY 1E R A, R R B o AR R B
R . AXBEMEAZ RBERITF SR FRFHE, Bk
TEEMEREMGESF ST THEEHXSH.

2 RERBESHFRE

FRE RGN B TAEVLE AT LS gy R R B AL B
SR LB R EEIC 4 N B, B ENE AR
16, WEEE F B A BB AR L KB R MR ESUA, X &
e b B 4D 15 BE 5 R SE LR B B 4 B K IESLIR i 4
M, RaFE2ARIEE SN ARG ENANE. EEHT
58 P AR ANAA F R b A HE AT B, RAR AR

*ARBEBBIE R B RAE S (60573141 1 60773041), VL35 4 & H A B 531+ R (BG2006001) , [ % %5 £ 5 863 T H (2006 AA017201,
2006AA017219,2006 AA01Z439,2007 AA01Z404,2007 AA01Z478),2006 YL 4 B 4% 1, # 50 th B L 1 H (2006 2% 105, 2007 B HF 106,
2007 %%t 127) ,HRBEERESLRZES (9140C1105040805) , ILH A HHENE R BB R E A LB ZEES (kjs06006) MILHE F K H R
BHEBFFR TR (07TKIB520083) BB . BRZEF L4, FEWMRF R TENKE TEINE FREL B HEE, Eiktf #8844
B , EEHRF FNITENRG GTEVME MRS RS RABRSME B ENENALEARS.

+ 133 -



BT AEAE R TS RENREAR. AE#HTE
RELEFE , MR B 2 AR D P i H BB 5 R FEAR R AV 40 iR
PATFERE , DLEFFIEH P E , RIERE R LR .
BRIEE—ENGRREITI A0 AR S S I BB 7 B Rk .
P b B E I R R R S ST, LR RS
BE.

AT 5% RS R0E H TRELP mE 1 iR, 450 %
REFEMHEXRGREEREZ. e TEPFETEN
MEUEBENHFRARELK, BHENFESHENEL BEE
XHESHEZRKEM S, R RFESENREELHET
b=

| emdt GLRas. SRR WRER. LRASED) |

| #enex aEw. wuEs. ResEs. taEw |

| RESHGHETE N, B3, X3, 45D ]

A1 ATHRERERNTRIER

B ARLh A KB OEE S, Bk IEAE M A5, 45
%] GGy Cus

EX 1 HRGSHE X nmE Ag=(agisag:,
ag.),Hf ag. €R,AgCR",

EX 2 Pk SHENSEWHEEL, E XK Ab= (ah,
aby v+ aby) HUARBLE R AER R R Ag=Ab, BV i€
{1,°*,n},ag;=—ab;,

EN 3 RAZEMOBKERREZRIUENSERNE S
PR

1=A /Z:l(Ag,- +Ab,)? M

He,Ag;, FRERENSE ; Mg, A RRFEANHilkR
B Mo HIERYER.

EN 4 EMN A RSHFERMIEZ B L.

A=1/1+ (2)
AMMETE O M 1.0 Z . AEBK, FARTFEABLAMITE.
A=Lom, ERHESHEERE S, SR REGE.

ENS PiEBE ER MaxNum, 37T #8642 5057
YR RPLARSH IR E TRRAREEE M E LR, TSR
FIRFIATHERE [A] Y45 .

MaxNum=Ne, +Ne, +++Ne,, 3
Hrp Ne #RiRZE5I C: Wb gics .

EX 6 Hifkit 32 BME Tolerance, . FIIRHLMAE 4 BT
B RSk ST B b, B A B AY SHUAE B
BA TR Ab BIFEFI N KT R it 52 (R, W 7= A 4 s inf
ZMAEZ ZEMA RS,

VG E LG CoyersCo) s V€ (14000, NG, )

1

144/ kflAbﬁ —Aby’

EX 7 RFIBME Recognize, , 24 RN HIFE 2 1) HF
fE BTN R S ik E Rk & it B R, R
J1 A BT R/INESRE R, MR RS R A, BV
Vi€ {1,---,MaxNum},A,<Recognize, , WIB 4R FiZREL

HGAEU L ESFEX FRAFER K, A; > A; > Recogni-
e, 515§ € {1, ,MaxNum} , MiZ#EA K B THuik ¢ Brxf B
AR, MU AHR S BT #R W T & %R IS
BEAE AT MBI NG, P E MR TUR R, ik ET &

s 134

>Tolerance, €Y

MRANERA S5 HXT R RN F P, X By 2 6 5 A
BB Z, S E AR EEE ER. #TRAEAE
PRI, SER B A B A AR AE , 7 A X R B TR R e R 5
Pk PR HUERITESRN R, EAMET RGN E
EHHIE T BN B R ML H IR RBIEE R .

3 SEBEEMR

5 Y SR R A S L B A A A SE R RS B A it
e BRE, A RGEE B 22 B AR H— R
PERP= B L RAEEIHAE .

Bk 1 PUkERTERE
WA CUNGRASE; - WhIUTAE
OFUikPEFILRIBE T NGFEA R
QEBYIGEEALE B — A AR REA R 7] 87 A 3 i
EUEARES
QI H LT S HUARRE oM B 25 B A HUA R 52 71
@F i 32 7, N 2R Z P, F R % T R
ﬁ’ﬂu:

a HYPUEBEE/NTHUARSE LR, W B ZFR A
EYiREEFR
b. EHik S EHETHAKE LR, MBERA P RIERLD

LI NEAREN
OHEESRO—@, HEVIGHAERN

B2 RmUUB%k
A KRR R RER, B iR E
OFTIFHUR S, 7= A PR B B
QFHELRRREA , 72 A R HRE A 0o i R BB
QB — BRI R, R TUR S IR AR
@EFZ LSRR, LR T FRA B LRI BB HT AR
IR ZFAIIBAME /D TR F R I AR FFHZ R
HIREA , 75 MPRHZ R A RS o A Xt B2 51
®©0 R B BRAIE B, W HATH BB 2T, IRIE BB A E 2K
HH IEBHIR AN R BT DR S S PR R A, R K
TR R IR A AL

Hk A E 2 EEBOR T AR, Pk E LR
ATk B, 550 BAKIBRPTIRRET AW
CR7 NN

4 KBELHERFH

FA 1R AR B R BT B R P R
AE RG], M FHARERRBIEETR S, FEHR
FIRGIRBERAFE LA — & MR EN, RS IrR AN
BEAER 20, i A T M2 R4 (ANNDP2T S 5 ) B AL
(SVM)) | B B JR W] R A (HMMD P28 3 R4y (PCAYET |
F LR (PO S5 vk LA B LRI 7 Bk Y BE IR D21

AR AR R RER USPS FERFEBIRE
BEATIRR, PN GBS 7291 MRFEMSE, WiRELS
2007 MEFRAHIE, LRH AFEHNGEMENEE R Rt
YR ERINSG, RATE R ERIE = A RUAE. BF,
R TE R BB B 0 B iR B F B HF N PR AT R 850
B, R IERPUAE M. SKFERAVIRISERER™
HRBIE R MR, BRI E AR S R, SRR
FRZRAREFBEREESE —LER BERNREH
ANFHERET, SRR T2 ERARENAP RS



KT .

BIEFERFZ RIS BRI EXB R D HTHOT
BE ORA— I LEmBEESERTUEAPUR, UERX S
B s QPR A XN B LR R IR GG B , FIRT s stk 3 B
DR ERR AR QR AR R EMEM I LEE .,
DU RAEE ; QR R H S LR, AR S,
FERFERERER . ERELTREER.

BERTER mx m B/ RSN NUNERFR R
BB B LA/ B T AR, 5 B 7R A8 R A B AR AT ag s
A R R P Bk BT Y B (] 5 BT SR B Dl R K/
BHR,HUGERDPR 10° BB, W 75 0 6] 29 4 $or8h .
FEHFIRFNE LA E) F 22 R O(MaxNum * m*) , LR
WA TG B AERT . KBk K/ MR E N 300 £, BARIER
B mxm NMESH. HEEMFEESE 4 NMFT,mH 16,
WHTIRE SCHER KA R 300k 45,

SRR B E A ERIRGERER,.C.= n/N,
Hrp o HIEFRERERELN VAL, A THIEY
FHRSISRFRBIPEEE , BT A B F R Y] o 4R 5 Bk i 32
R LS E ERAERRESRES R LBIRAIGER, R
HE—E TR RS
4.1 YIS HEFHARN RN

mEERSENEESRZ —, m 8/, ZH 4B BB
O AR M F PR , PR Z (A B X 53 BE /N, m B
K. BENERFFEREL, HFEZRAX S ERE A, HR
SGitBERAEMEE. B2 o DERRENIRGIR S EE S
EBEE m BRI RE . 5286 R F 36 1 X4 8 B4R 1E 3L
HEBSERFIRFIM S, YIS %EECh 16 REBRTH,

BB E M m iy E AL

92. 00%

91. 50% /
w 91.00% N A/
L F | s — sV,
i
2 90, 00% <
& 89.50%

89. 00%

88. 50% L L L L L L .
8 9 10 11 12 13 14 15 16
m

2 PRRSSERZ KT

4.2 HE&EKE ERITRHELRN

Y5 HCH 16, Tt 32 B{E R 0. 9, IRBIREHR 0. 75 B,
MR 1EE, AP EH A LR MaxNum, 2458 5] 2% K
ZRE. ERGHRHIREKHEFHE MaxNum 3 KT B2,
MaxNum=250 Fl MaxNum=2300 ELAHFRMWIHIE, BRE
SRl MER MDA E 2 T .8 B TH R 2 sh B A H s
BFERTHAE G EXEBFENT AR E KR,

#£1 Pk BE EBR MaxNum 3HA SR K&

MaxNum RHEC)
50 88. 99
150 92,63
250 93.27
300 93. 27

4.3 ASRERHAR R
PHREBRRAREFEEN SR MR 2 iR,
P BE R, MR AR 2 B R IR B E AR, MR IR

PR E, ST R, MU AR 16, T 52 BR{E R 0. 9, HLik s
B _EFRA 300 I, PR BB EER 0. 75 HLAREH .

F 2 RBIBMEX B R

WA WA E )
0. 65 89. 54
0.75 93.27
0.85 91. 28

4,4 YA BHANENEM

LY AR R 16, T SZBER 0. 9, LA EH LR 300
B, PWRIBME N 0. 75, FRATSTBIR AR FISER B Il gk 4 3k
AV E., SRR, RIMNNEEEEES BER/ PR
YT A3 LB IR H (R 3.

3 YIGHABRHRIRM R

WHEAEH HAEHKE ERRFKE RAEOH
1000 2007 1634 81. 42
2000 2007 1828 91. 08
3000 2007 1870 93.17
7291 2007 1872 93. 27

4.5 S5ETIRSNEENLEE

BE . RITEEMF 23 bl LREE K 300, &
ZBMEN 0. 9, 1EIR B R 0. 75, VI 4EHCK 16 X 16, & Xf
USPS a4, 47 51 3% A R BRI B k5% LB B TR IR E)
=,

44 BP Mk 4% (BPN) R F 3 JZ R m #1224, f A
B AN BEEWAN 19, 8B SN 10, RAMAS
BT SRR N, KRB A= 0. 7, MIRF I X
Go= 0. 01, MR E E=0. 001,

ETFRAELEH MRS K 0] R B (HMM)PR A 9
NS R iR 4, Fl A Baum-Welch B ik 8y # B R
A¥H 6 By HMM ##, 8 /5@ 1t Forward-Backward B 1t
BB A R, BB .

HTF ERA 2 (PCAPTR A PCA MR E T4
TERM BRI R4 , B Y 6 A s BB El S B
AR E MR R E B A 50 I LU T F R E B
R, B el ERIREN M LRGN

F4 RERBIT R

AREHE ERRAHKE RAE D
BPN 2007 1690 84.21
HMM 2007 1850 92.17
AIS 2007 1872 93.27
PCA 2007 1898 94. 57

SREY, AIS B AR RS, 888 LB/ KT
S [ B R BE AN 28 ) 2 R A B LR B IR Ak R . b
T M50 (PCA) MRGIR 3% B R PHIR R TA SR
MEE.HEHR 6 N ERONITRBEZREEEL TARRE
B A .

WX TFRENRANERE, A HEABEYRERE
BRI B Atk

O TRBEAZ—E RIS, F I AR AT L
B/ RERETEANWTEE A A8 o R W AL BUR R , DA
BE& AENRFIRRT.

Ol TENMFHHFEZ MR Z NI, ik

+ 135 »



P P B G H SR AT ATE B R U R AR T 4R R LU
DRI FF RE B EE R H BLE B BLA
QREAFEHE AN T ERF LRI B R R
HREAE UG v IV SE AR 5 (1 U, LR P AR X B
@RGHEH RN IFATE, E LR B L E
- ML, RE 5 KBTI, N — B R AR
BRE ACERET-METATREERKIREE
B R T HE R A OCE LR EE SR RIS X
BHERT M FERFTRMNERLE BN TET A LRER
HAP R FIE T AT, U5 (] USPS 447 T L hril
B, LR RWEE RS LR E R EARBHES LS
AE BB R RABGEZ 4, TP RARFFRABG
ZH S REAKRAE MR BUE BRI R R E AR,
e RO TSR R A5 B OB T PR Rk B B A0 BUAE
B DT PR (7 A A AL A2, ik — AP 7 R R ST P B Y
AR TR B PIIRIA AOB 5%, LR B B E A T AR K. R
YR RIEE SGEAREMITEIE . 80E0E LM
{8 B A — 30 AR R 19 S R 3 S B & N A BT
¥H.

2% X W

(1] ZEERGRH. W52 B AR AR Tk R4, 2003

[2] Quinlan J R. Induction of decision trees. Machine Learning, 1986
(1).81-106

[3] Rumelhart D E, Hinton G E, Williams R J. Learning internal
representations by error propagation. Parallel Distributed Pro-
cessing. Cambridge, MA: MIT Press, 1986

[4] DeJong K A, Spears W M, Gordon D F. Using genetic algo-
rithms for concept learning, Machine Learning, 1993, 13: 161~
188

{5] Langley P,Iba W, Thompson K. An analysis of Bayesian classi-
fiers// AAAT(1990). 1990,223-228

[6] Cover T M, Hart P E. Nearest neighbor pattern classification.
IEEE Transactions on Information Theory,1967,13.21-27

[7] Pawlak Z Rough Classification. Int. ] Man Machine Studies,
1984,20.469-483

[8] Cristianini N , Shawe T J . An Introduction to Support Vector
Machines. Cambridge University Press, 2000

[9] Lim T,Loh W,Shih Y. A Comparison of Prediction Accuracy,
Complexity,and Training Time of Thirty Three Old and New
Classification Algorithms. Machine Learning, 2000,40;203-228

[10] de Castro L. N, Timmis J I Artificial Immune Systems: A New
Computational Intelligence Approach. Springer-Verlag, 2002

[117 Dasgupta D,et al. Artificial Immune System (AIS) Research in
the Last Five Years / IEEE Conference on Electronic Com-
merce, 2003

[12] Hart E , Timmis J. Application Areas of AIS ;. The Past , The
Present and The Future // International Conferences on Artificial
Immune Systems 2005, Springer-Verlag, 2005

[13] de Castro L N, Timmis J L. Artificial immune systems as a novel
soft computing paradigm. Soft Computing Journal, 2003,7(8):
526-544

[14] Parkin J , Cohen B. An overview of the immune system . The
Lancet,2001,357.17

[15] Oprea M, Forrest S. How the immune system generates diversi-
ty: Pathogen space coverage with random and evolved antibody

libraries// 1999 Genetic and Evolutionary Computation Confer-
+ 136 -

ence (GECCQ). July 1999

[16] Forrest S, Javornik B, Smith R, et al. Using genetic algorithms
to explore pattern recognition in the immune system. Evolution-
ary Computation,1993,1(3):191-211

[17] Dasgupta D, Nino F. A comparison of negative and positive se-
lection algorithms in novel pattern detection // The Proceedings
of the IEEE International Conference on Systems, Man and Cy-
bernetics (SMC). Nashville 2000

[18] de Castro L N, Timmis J. Artificial immune systems: a novel
paradigm for pattern recognitionArtificial Neural Networks in
Pattern Recognition. 2002,67-84

{197 Hart E. Not all balls are round: An investigation of alternative
recognition-region shapes// International Conferences on Artifi-
cial Immune Systems. 2005;29-42

[207] Timmis J, Knight J I,de Castro T L N, et al. An Overview of
Artificial Immune Systems; An Emerging Technology. invited
chapter for the book CYTOCOM, 2001

[21] Dasgupta D. Immunity - based Intrusion Detection Systems : A
General Framework // the Proceedings of the 22nd National In-
formation Systems Security Conference (NISSC). October 1999

{227 Perelson A S, Weisbuch G. Immunology for physicists. Reviews
of Modern Physics,1997,69:1219

[23] Dong J X,Krzyzak A, Suen C Y. Comparison of algorithms for
handwritten numeral recognition. Technical Report, CENPAR-
MI. Montreal; Concordia University, 1999

[24] LeCun Y,Boser B,Denker J S, et al. Handwritten digit recogni-
tion with a back-propagation network. Advances in Neural In-
formation Processing Systems, 1990(2) ;396-404

[25] Lee SW. Off-line recognition of totally unconstrained handwrit-
ten numerals using multilayer cluster neural network. IEEE
Trans. Pattern Anal. Machine Intell, ,1996,18.648-652

[267] Bahlmann C,Haasdonk B, Burkhardt H. Online handwriting rec-
ognition with support vector machines-a kernel approach //
Frontiers in Handwriting Recognition, 2002. Proceedings. 8th
International Workshop. 2002.49-54

[27] Hul , Brown MK , Turin W. HMM based on - line handwriting
recognition. IEEE Trans, Pattern Anal. Mach. Intel. , 1996, 18.
1039-1045

(28] Schlapbach A,Bunke H. Off-line Handwriting Identification U-
sing HMM Based Recognizers // 17th International Conference
on (ICPR’04). Pattern Recognition, Cambridge UK, 2004 ; 654-
658

[29] Deepu V,Madhvanath S, Ramakrishnan A G. Principal Compo-
nent Analysis for online handwritten character recognition //
ICPR 2004, Proceedings of the 17th International Conference on
Pattern Recognition. Aug. 2004,2:23-26

[30] Kegl B,Krzyzak A, et al. Piecewise linear skeletonization using
principal curves. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2001,24 (1):59-74

[31] & a =, Z8E. % T EHLNENFERFIRI
TR, 2005,33(9) ; 1639-1643

[32] Salah A A, Alpaydin E, Akarun L. A selective attention based
method for visual pattern recognition with application to hand-
written digit recognition and face recognition. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2002, 24
(3):789-796

(F#% 174 T



#£1 “‘BIBRFIE P "IN R
1 2 3 4 5
HMM R B AW 5 AF 4 a ying ji ni
HMM Fo &S 8% 0393  0.353  0.225  0.026 0.0l
HENAAHEH®EE 001 0.025  0.015  0.035 0.045
HLM # % 0.0039 0.0088 0.0033 0.0009 0.0004

£2  “dong”#iRHITR
1 2 3 4 5
HMM R EARW S AF  duo dong zuo chong huo
HMM F 8 &3 #t % 0.540  0.272 0.116 0.070 0.0l
HHEEGZE R 0.01 0. 047 0.01 0.01 0.01
HLM # £ 0.0054 0.012  ©0,0011 0.0007 0.0001

B, PAEFHENERMIE, —& HMM TR
BA,ERHIRIZRETBE T —EHRIE,
4.2 EEREERTHXFRBH

Bl 54T HLM FEEm & RAI R MR bR HE
FREGHIT X F BT LTS R BEESH 935 ML
F.96 ME L IAEBNE T KRR AR, FHEAEF MR 10
MUF, B HENTOERERA 10%, MNARSTEERIE
BB R ATK 70. 5%, 0 B — WL B SCF AT = 2 AT 0
M. XFEHB T AR BB ST R TIITRR AR .

Gabor+PCA

2
5]

s

B FRMNSIFRMTERE L

2 b EF A R B O R0 SO R AR AT R 4R
ARWREVEA. B2, HAKEFEREE LR, 45
BRI R AT 7R AT BE B SRS B E R AIE R KU T
“EREE M LR E T IRIRR, R 3 BT
PRIt , T AR or B AT S ARG PT E)  ABEEY Ee i, AR
BRIEFTT,

3 CRENWERBL”

EHRF EmHE HMM HLM
s chi chi shi
& dian dian ye
* dong nong nong
w xi xin xin

HHREFE AEWBERPTORFHMESFIN—XE

BRI RR , E BN S A B R e, R AR A
FREBRATRHIEEER, 2y a HMM AEEH
FARM R HLM, 3 5 FE 5 B REAT X F WA
ZHRFRY,EIEEFEBERERS HMM 1518R 10 E,
Xt B —HLBE T TS A IRA SO E R TR A B R BRI
H. ERMBHFIIEIES FIIE—BRARER, DR
BARELABERGE P A TR —We . BEEEER
BRI BA A R M AR R IR AT .t
R L KU B RSN RV, T A BSR4,

2 % X i

{1] PotamianosG , etal. Audio- Visual Automatic Speech Recogni -
tion; An Overview [M]. MIT Press, 2004

[2] Potamianos G,Graf H P,Cosatto E. An Image Transform Ap-
proach for HMM Based Automatic Lipreading[ C] // Proc. Int.
Conf. Image Processing. 1998,1:173-177

[3] Potamianos G, Neti C. Improved ROI and Within Frame Dis-
criminant Features for Lipreading[ C]/ Proc. Int. Conf. Image
Processing. Thessaloniki, Greece,2001,3:250-253

(4] ke, ®30 8. % EES — BERSARU] B£8R,
2001,29(2) :239-246

[5] Potamianos G,et al. Recent Advances in the Automatic Recogni-
tion of Audio-visual Speech{ C]. Proc. of the IEEE, 2003,91(9);
1306-1326

[6] Rosenfeld R. A Maximum Entropy to Adaptive Statistical Lan-
guage Learning[ CJ. Computer Speech and Language, 1996, 10
(3):187-228

[7] Chomsky N. Aspects of the Theory of Syntax [M], Cambridge:
MIT Press, 1965

[8] Chomsky N. Syntactic structures [ M. Mouton,1964

(9] #HET . KPR BRAEFLHEERY="BBMT] SIMEHSE
585% , 2002, 34(3) : 180-187

(101 FBede, %8 HEN AR ESLHEIML dbx. ERERE
#1,2005:47-68

(117 Hong Xiaopeng, Yao Hongxun, Wan Yudqi, et al. A PCA Based
Visual DCT Feature Extraction Method for Lip-reading[C] /
Int. Conf. on Intelligent Information Hiding and Multimedia Sig-
nal Processing, 2006

[12] Katz S M. Estimation of Probabilities from Sparse Data for the
Language Model Component of a Speech Recognizer[C]. IEEE
Transaction on Acoustic, Speech and Signal Processing,1987,35
(3):400-401

[13] Kneser R, Ney H. Improved Backing-off for M-gram Language
Modeling // Proceedings of the IEEE[C]. Int. Conf. on Acous-
tics, Speech and Signal Processing. Detroit, MI, USA,1995,181-
184

[14] Rosenfeld R. Two Decades of Statistical Language Modeling:
Where Do We Go from Here? [ C] / Proceedings of the IEEE.
2000, 88(8):1270-1278

(E#% 136 B

[33] Dong J X,Krzyzak A,Suen C Y. Statistical result of human per-
formance on USPS database. Technical Report, CENPARMI
Concordia University, 2001

[34] W, SLEH, TR ETRELN TR HMM FERFFZH

s 174 -

R5. T BEREE ¥R, 2004,9(8):1008-1013

[35] i, b B, TR. 5. ZETESEHSNTNFERFFHFIRI
IR E YL RS, 2005, 26(2) : 289-292

[367] Garrett S M. How Do We Evaluate Artificial Immune Systems?
Evolutionary Computation,2005,13(2);145-178



