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SR, 76 v [ A BH Bl 28 0 2% 1 wiF 5% A B )
2004 455 E AR AU 4R I BT CONIN i1 B 40UREfiF 2
WO R A RS, WE, BEE R He
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Mro TR, e A2 A MR BRI B
RUBEAAR TR | 76 B U R S8 U A 2t A AL J= %
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Model:"sequential"

Layer(type)
T T amaiComany | (Nemezsasiy 30
max_pooling2d(MaxPooling2D) (None,14,14,32) [
conv2d_1(Conv2D) (None,14,14,64) 18 496
max_pooling2d_1(MaxPooling2D) (None,7,7,64) [
dropout(Dropout) (None,7,7,64) 0
flatten(Flatten) (None,3 136) 0
dense(Dense) (None,512) 6 144
dense_1(Dense) (None,10) 5130
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JERR IR BIROCR  IF A Z ARG A 2 T5
MR . G B A 5 RUR B PR A A
2 AT = R 4 BT B4 BB U TR
W RS UG 730 A AL IR i — ik R A 42 3% 4%
JEHEAT G S i A T A B0 PRBUE Re LU LU
LAl Softmax 4324 10 28, feJm &R B AL 1 5
SRR HERR AR N 9~ 11 Fs.

Model:"sequential _1"

Layer(type) Output Shape Param #
T emadComan) | (Nomeasaszy)  me

max_pooling2d_2(MaxPooling2D) (None,14,14,32) 7

conv2d_1(Conv2D) (None,14,14,64) 18 496
max_pooling2d_3(MaxPooling2D) (None,7,7,64) 7

conv2d_5(Conv2D) (None,7,7,64) 36928
max_pooling2d_4(MaxPooling2D) (None,3,3,64) [
dropout_1(Dropout) (None,3,3,64) 0
flatten_1(Flatten) (None,576) 7

dense_2(Dense) (None,512) 295 424

dense_3(Dense) (None,160) 51360

Total params:356 298
Trainable params:356 298
Non-trainable params:0
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14 Fi#=x

SREE AT X H L A D5 A AR L — 2 AR R API
B AS [) %oF EE G B A0 i B APT A9 5 B0 i, — 2
LR e Y = GO NI O A =S = | g =3 ()
BIVERE. R 1 JROR T Al — %4 4 (MNIST) T, #%
L= 4% 43 I 25 4R A O 4R SR FH A [m] 55 180 1Y 45 R
P2 2% I 25 20 R U 25 AR 2RI IE T
TR
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F 1 FEEE MNIST HiEE Fiyikae

ek | ok | g | Ik

T
B Bk | e | e | e

PR RRZS WLK KM APT | 0.335 | 0.367 | 0.914 | 0.910

BRSBTS MG E i APT | 0.114 | 0.303 | 0.974 | 0.953

BRI S M4 & APT | 0.112 | 0.106 | 0.985 | 0.987

ZREB MM RN APT | 0.107 | 0.098 | 0.986 | 0.989

YR A5 2 2802 T 17 A5 450 28 4 i 48065 I 25 5K
Pt B8 A g 2 UL B TR AR AR R FE I 2R B Y iR
2%, P K AR 22 s T o B R T DR A A AR
FEM R HE A R B L o 0 R R A

U AE R R W], AL A AR A5 BUZ B
LML AREY APT YIIZR45 2% 22 &35 0. 335 T =i B
APIAL 0. 114, EBY APT A{GHE i B 25 52 Z 115048
LRIk TR TR R R R L A o N B R Rk 4R
e AR AL ()T B RCR FZ AL RE 7, B R S BRI T R
FIR2E IR e AR R A AL 0. 910 & TFFE 0. 953, %
BBy APT RE % 0 1 280 M A 32 45 AiF OF 42 T A 1Y
PERE .

FERON T B2 Z 5, 226 B AL R I 245
KRR AR R 0. 1T12C8UZ) T 0. 107(=2) L 1M
T A R 2 TF & 0. 987 100,989, X2 N
B0 FRUZ BT DL B O S R L IR R IR R AE
AT 3 5 T AR TR ) 3R A BB 0 R R 4 B 1Y 58 B
I U RS = S W =N b | 1R [ N [ (E
i T BRI GALT 20 s 2247 IR G 80 B A AT 76 7]
P WA,

HE— i B, 2 28080 1 M AR 4 TR 15 25
T3 A X W 1 ok R X R 3 R AE Y 5 Ak il A5
FEAE B2 BCH RS . SR, 4 FRUZ B0 34 in T
A Ao 00 KU o DR b 7 552 B 1oz Y o i AR 40 54l 4
FR A2 2 1 AT 55 R L 4 B3k % 4 B2 B A 0 2
B, DL PE BB 5 ORI A
4 REERE

FEN T e H AR o & R 1 15 B Ak R, 6T
NATTXE 2 BRAE B AR B 3 b R B Y SRR W 2 T
VLB A 1 22 U AT A7 76 FE 9% Kk N9 W g S B
N T AR T 5 B 1 45 B0 — i R R B 2 S H R
o A8 A 1 T 5 B TR O 2 A B 5 1R L A
S EMSGTMAER . ASCHE T 6 B2 M 4
B F BRI K e 52 BL H JE T 45 B
28 W 45 1 -5 B0 U B O R RS L AR R ARG &5
FE L 7E DU R B APT = A 5 A2 B9 B R
B o TE AR B AIE 5 H DA B AE 45 A7l 4335
T LA AR K i

BRI 22 S AR SO A7 AE — 2 1 T B 1 i — 40
S TS OFE 2 )2 4 R 22 19 2% g s i 003k
T =R BB RIARL, B 2 AR B B R
YA 3R A A Ak 2 35 8 U {22 i DL A o 0 —
AWETE s @1k AL L I I R R 6 TR A LA
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e E B BME L I R X 2 Bt A7 8 e, Ik 2 A A
i fre AT 15 2 — 25 F 585 © MINIST 0406 48 o 19 4
— P ERECT R SS SR B T E A
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Research and Design of Handwritten Digit Recognition Based on

Convolutional Neural Network

ZHU Jiaorong

(School of Cultural Heritage and Information Management, Shanghai University, Shanghai 201900, China)

Abstract: In the era of informatization, handwritten digit recognition has wide applications in computer vision and pattern recognition. In order

to improve the accuracy and efficiency of handwritten digit recognition, four convolutional neural network (CNN)-based algorithm models were

designed and tested. An empirical study was conducted on the MNIST dataset to compare the training performance of different models. The

experimental results show that the multilayer CNN model performs best, with an accuracy rate of 98. 9%, and each training cycle takes about

20 seconds. This indicates that increasing the number of convolutional layers and using high-level APIs help improve recognition accuracy,

further enhancing the application performance of CNN in handwritten digit recognition. New insights and methods are provided for designing

efficient and accurate handwritten digit recognition models.

Keywords: convolutional neural network; handwritten digit recognition; MNIST dataset; deep learning
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