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Abstract

This paper mainly studies the handwritten numeral recognition method based on Support Vector Ma-
chine (SVM). Through the in-depth analysis of the principle of SVM algorithm, combined with the feature
extraction method of handwritten digital images, an efficient handwritten digital recognition system
is constructed. At the beginning, the penalty parameters € (0.1) and y (scale) are fixed, and RBF kernel
and linear kernel function are used for training. Finally, the performances of RBF kernel function and
linear kernel function, such as recall rate and accuracy rate, are compared, and the optimal kernel func-
tion for handwritten numeral recognition is selected. Finally, the experimental results show that the
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performance indexes of RBF kernel function, such as accuracy, recall and F1 function equivalence, are
better than linear kernel function in this scenario. Finally, RBF kernel function is selected, and then the
penalty parameters C and y are further adjusted to train the optimal model.
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1. 51§

B (S BHARN CERE, F5 IR AE BRI G — AN E RS, CFE 2 AN LbR R
A2 Z N, a0 B ZhiEER DR ERAT SR B T IR A S R A ER 1 B B NS SR, F
SRR FNTIGE W OFEARARTE . S TP A 2RI S RS SRR, X 1544 4t i =R 7 ik
TERBIER S FZ AR S LA — ERIRYE[ 1] N T RS FSEF R, R IIANRRE
T v ORI HEAf ) B

SCEFIAIEAL(Support Vector Machine, SVM)EA—Fa RIS B: 22 21 v, O 2 AT SR =GR AT
%o SVM REMS A A B i 4R, R R AR AR/ NREAR S 3] RS, R T MR RS i iR A IE
MR RIS S50, SVM BEREAEE HURE A0 20 BEY, e HE T 5 B Uk B ) 52 2 =GR T 5%
[2]. AT #—CHERANERE, T2 WHTOE SVM SRR 4G, WE T 2MTF 58N RS,

AXHIFREETET SVM MFESH A RE. BATELIRNSH SVM 9 TAEEEE, Hass
SH7 EUR I RHESRIUE[3], Wik T — M F 5870 R 4. Bk, EEEENENSH C (X
9 0.)H y (KA scale), 718 RBF A ANEAZ s BOME R BT I SR FEVI SRR T, FRATELAL T RBF
R B ZE VA% BRBUE T 5 B IR BTSSP Mk B, B HER R . AR, FIES MR ER. SR
ZERR W], RBF #eREE & DU RefeAr AR TR MRS Rk, ASCGEIUT RBF %K%, JEi—D0
WIETI S C Ay 1, IR RN T 5 Bz oA,

EE N, 5RO OERE T B3R, TR ETIAOER G N ES 25 21 J71L (I SVM,
PRI, ISR RIRFE S I BARKIN H[4] [5]0 T BRI ML (CNN)F 7 AR X — 4RG3 7
RN, RS TR . AT, SVM FE/MEATE DL AR e I s (RS B, R
ZALRE DT, RRAE T 5 3 iR A B R AT o5 35 B A . [ P 2 R RMF HLR 7 X — U T e T
KERIFET, HESh THRBARIAR LR E, FEEE 182005 R 6].

EE SN, FE5HF R BT L&A, V2 S MRV FIEAAR 2k HEL . B, LeNet-5 HR#HZ M
ZEIHR AR B IR 2 T 5 H R I S U TR 7], AR, IREE SR S HOR I K R i1
T2 W25 (7 AR R R LRI E 5%, B SVM 1E N —Fh 2 s (L 8% 22 51 5 1k, WRARTENE SEAT 55 AN
B A T RBLH BRK 54 1(8].

AR TTRRAE T RGHIRTS THT SYVM MFEEFRRTE, FEREE 7 AR R B2 AT 55 i)
R, P T BIES TS5 HFIRAES K RBF A% R £ @5 S0 7 e, dk— 08t m 7 R HEri
NG JE IR T AT 2% .
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2. BERE

SCRERENL(SVM)Z — i KM E 22 S 50k, T B ENAES . BRI OB IRE
DU, LA KA R Z [ (BB [9]. fE—4E SVM IR B — > sk RIS A FHIREA, £ 4
SVM i #& B — 2R 2R A R IREABEAT R 70 o TR T — L5 fa L ATFEAR, SVM AT MRS R 31— 2%
BLARRN AR RIREA,  XME SLB RN E AT 70 o TN T — 852 2% AR A s M 75 e — 2% i 4ok
RIDFEA BT, MG IO ZAEATT 20 fI[10]. 72 —ZESTAl, I AT 70 AN FRTREAS A A 2Rt A R
P B K 2R 2 3 ) AR R N SRR 1A B

2.1. MR FERATH SVM
E A, G RAFAAE — AN Gt R R K AN R IR AR S 2 0 T, IS AR A I L 2 2tk ]
SPHI[11]. SVM (A BAR 2 4R — M A I~ 1HT, 5045 0 2R A 2 B AR TR) R e Ko 3 A8 ¥ 1T AT LA
KRN
wx+b=0
Hep, wh BECPIIMERE, bR, x REAFEA.
P ZRNER] 73 B GO, I SR AEE DL DA 18] R AT LA 2 d R T 18 -
minw,b || w H2
subject to yl.<wai+b)21
Hb, i =12, .., n REAREE, y RERFZONGE, BUERN +1 .
AR A% B EORHE N, B B IR0k 0] R AX R o) £ 0] R AT SR i -

n 1 n_n
max , Zai —EZZaiajyiyj ()CI»T)CJ-)
i=1

i=1 j=1

subjectto > a,y,,a, >0

Hop, =120 . BIERIBEEIRALE:

a =(a'.}.a)
O S5t P T ) 5 e

ﬁ:i@nﬁ

I S5 0 A

y:x_éﬁyig%)
Ho, a) > ORFRIIREA A (x,,p, ) B Scsr fi
2.2. MR FERTE SVM

FESEBRR I, ARZ AR R R IEA T 20 . N T EEX AL, SVM SIN TR BB . #%
BR BRI 4 25 8] F R A AN T 20 [ R RS B i R S () v, (LA v 2 2 () P AR A R RT3 [12] [13]
BRIG A RN X, WA I 4E 2 (808 H, # R EK
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K(x.y,)=6(x) ¢(x,)

o, g (o) RS x DS GE % 1A Bk S 1 vy 4 2 1] P R 4
VUE vt 24 2 ] mR R I A T A -

min,, %Zn:zn:aiajyiyjK (xi’x.i)

i=1 j=1

subjectto »'a,y, =0,0<q, <C,i=1,2,--,n

i=1
Hrp, ¢ RENIZH.

3. Bk

3.1. BuREEIER

MNIST #4825k 1 3 Bl B ZAn 5 B W 5T Fr(National Institute of Standards and Technology, NIST)
[3]o YIZ5R%E (training set) K H 250 MR AFERIE A, H 50%& @54, 50%K H A FEE
J&)(the Census Bureau) ) TAE N 51 MREE (test set) A2 [FIFE LU 19T 5 $0 740t , EORAE 7 I8 A1 25
EMEE EAMAL .
Plt, ASZIR A MNIST F5 40 MRS AT 256, AR 60,000 M UIZRFEART 10,000 4>
MAREEAS, FEAPEAE R —A 28 x 28 MK EIE[14].
3.2. FEIZEHAIERELLE
ARSC Ay S T A% R BU(RBF) R 26 M 4% R £ (linear) K6 SVM 20 88 HEAT YR AR, LA
FIRZ BB R R . DRIR SRR e bR, SKIREE R, SR e T 580 R I T R aF
rIPERE .
WML R EA «
K(x,y)=x-y+c
e A% R O -
K( X, y) = g7l

Hrr, c,d,y NBH.
1) RBF B E#

param_grid = {
'C": [0.1],
'gamma’: ['scale'],
'kernel': ['rbf',]
}

B YT EN Sk, PSR E AR, BJE U E RS 258 0.957 GE—HT). 0.954
CGE=H1). 0951 GE=F1)~ 0.952 GEPUHT). 0.959 EHHT), ML RwmE 1 .
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Fitting 5 folds for each of 1 candidates, totalling 5 fits

[cv 4/5] ....C=0.1, gamma=scale, Kkernel=rbf;, score=0.952 total time=15.
[cv 3/5]
[cv 2/5]
[cv 1/5]
[cv 5/5]

, gamma=scale, kernel=rbf;, score=0.951 total time=15.

, gamma=scale, kernel=rbf;, score=8.954 total time=15.

1
Ll
1, gamma=scale, kernel=rbf;, score=0.957 total time=15.
1

, gamma=scale, kernel=rbf;, score=0.959 total time=15.

Figure 1. RBF kernel function five-fold crossover model performance evaluation
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Figure 2. Various performance indicators of RBF kernel function
2. RBF # R H & Mt REsatR

TR HE P (Confusion Matrix) [FIA: o — i H] T PG 70 B PE BE RO TR, 5B AE 2 2K, &
R TR TINGE R S HEAR R L E IR R, 2RI FERE IS 3 P .

Confusion Matrix:
0

3

4

10 19 3
0 3 10 7 6
7 1 10 25 5 1

Model saved to svm_mnist_model.joblib

Figure 3. RBF kernel function confusion matrix
[ 3. RBF #% K HUR B

f e R e % 1 B IR AT MG, IR HERA R IA H] 100%. S5 RN 4 iR,
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Predicted: 1 Predicted: 2 Predicted: 5

Predicted: 9 Predicted- 7 Predicted: 0

Predicted: 8 Predicted: 3

Figure 4. RBF kernel function test results
4. RBF # B #MIA 5 R

2) linear % R %
£ linear R EIN L5, FIFFHLERETI S8 C N 0.1, y{EN scale, ARESUITF:

param_grid = {
'C" [0.1],
'gamma’: ['scale'],
'kernel": ['linear",]

}

W FATAE SGEIGR[15], P E N RUE LS G TR B IPE 20018 0.946 (BE—#T)~ 0.939 (58
). 0.939 E=H7). 0.936 CGEVUHT). 0.945 CGETLT), linear % EREIN 24k B & 5 Fis .

Fitting 5 folds for each of 1 candidates, totalling 5 fits
4/5] END .C=0. gamma=scale, kernel=linear;, score=0.
2/5] END .C=0. gamma=scale, kernel=linear;, score=0.
3/5] END .C=8. gamma=scale, kernel=linear;, score=0.

1/5]1 END .C=0. gamma=scale, kernel=linear;, score=0.

5/5] END .C=0. gamma=scale, kernel=linear;, score=0.

Grid search completed.

Figure 5. Linear kernel function training results

[& 5. Linear # R HIIELER

Linear #% R EU B I ZRuERR R . HEER. 1 0Bl L R A BE & 6 Frw.
Linear A% bR BURIE R0 7 BT aw
% F Linear 1% BRI R B I B A A R I — ik B R, &l 8 B
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Figure 6. Various indicators of linear kernel function
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Figure 7. Linear kernel function confusion matrix
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Figure 8. Linear kernel function test results

[& 8. Linear # R HMINLE R

" <

Predicted: 3

DOI: 10.12677/airr.2025.143049

507


https://doi.org/10.12677/airr.2025.143049

ik 2

4. BE

ARSI T 3T SRR EHS VMBI T EHFIRT7E, @A SVM Sk R E, JRsh&
Sy GRS BO S, W& T DRI TR TR ARG SRARRY], ZRGED MERE
fabr bR I B R HERR PR ARG E M, JCHAE R B HERR R AN [B] R _EIUS 7RO RS IEW] T
SVM EALER T 547 RAMESS s A R AR S . i U A R BU(RBF 12 5 2 s B0 I T /g
KL RBF MZAEAHT T T 58 AR S T Ve R 8 JUH AR B B % R T 5 1K1}, RBF
% RS T L bl SR I AR R RRAE , 52T T 0 R BE.

FERGHIMML TR, BE— DR TS H C My B, WORERER AN ENE. X —dEE
B, SVM MMUBEWSAEBUINIREA SR IS BB O HER %, IC Mgl & B S BOR BRI R R T
REELERONEET SYM T SH iR BRI 1A B0 SEEIKSE, TED] 1 SVM FERE AR AIAE 55 A 5 K0
P, JCHRAE B R HZR S e AR S 32 SR 16].

SR, A TAE TS B R SIS 1 N B RCR, (BB A . Rk
IR FERT O BUR LA 5 D 5 SVM Jp 2R aRMVERE . 56, FERFAEERIOT TR, AT 107k 3 24K
BT AL, RS T AR, (AT BURZ SN E S A REAL IR AL 22 21 7 3%, a5 iR L
ABR, FIRIERIHZ 25 (CNN) B s SR BUEHG AR, TS THRF IR R R AR RS R . Lok, R
SVM FE/NFEA S S AT i 4Rt TR I R AF, (HAE AL B AR SR, IR mT BE O SR
BT AT LA R I IFAT A AL BN AL 503, 30— 238 DU S B M B 20

BEAk, AW FUR SR AT LAHE N 25 2 [ sEBrdg st rh, i E SRR N B RER IR B
WAL, i DI PR AT IR BRAESAT N I[17]. fERDL. &l #HEFIR, 75
BRI BT D ER, AT B AR Rk . BRI T SAS, ks F P 1A

SR, 2T SVM BT BRI VAERER . FeUE MEAT R ATV 7 L T RAF AT St Bl
ERARMAWIRE, 56 HAEHRIIER 205, Rl R IRE A HR, KA et — DR THR A
JERMEEPE, - DI 87 FH 4R B T v ORI R 5 F) A e 05 6
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