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Trong thap ki vira qua, tri nhan tao néi chung hay ki thuét hoc sau néi riéng da co
nhitng budc phat trién dang chu y. Bai bdo trinh bay mot mo hinh mang tri tué nhan
tao, nhan dién chit s viét tay bang mang neuron tich chap (Convolutional neural
network - CNN) [1]. Qua d6 lam rd cac khai niém tham s, danh gia tam quan trong
cac tham sd trong mo hinh, trinh bay két qua mé phong dat duoc khi stt dung mang
neuron nhan tao d€ nhan dién cac anh chit s6 viét tay dwa trén tap dit liéu MNIST
(Modified National Institute of Standards and Technology) [2] va dwa mo hinh
mang CNN ting dung vao bai toan nhan dang chir s6 viét tay trén nén tang Android.
Hiéu ndng ctia mo6 hinh dwoc danh gia qua ti 1€ nhan dang ding va dwoc khao sat

v6i nhiéu treong hop khac nhau.

Tt khoa: tri tué nhan tao, mang no-ron tich chap, CNN, MNIST.

1. MODPAU

C6 thé néi, véi su théa man vé ca ba yéu t8: ngudn dit liéu du 16n, phan cing hd
tro manh va cac thuat toan tién tién, tri tué nhan tao (Artificial Intelligent - AI) da tao
nén mot phong trao cong nghé mai trong ki nguyén sd hoda hién tai. Trong do, viéc thu
thap thong tin tir hé thong d@ liéu hinh anh khong 16 trén toan thé gidi dang la mot linh
vuc duoc nhiéu nha khoa hoc trén toan thé gidi quan tam va nghién ctu [3]. Day la co
hoi va cling la mét thach thic hang dau, viéc tng dung tri tué nhan tao néi chung hay
ki thuat hoc sau (Deep Learning - DL) néi riéng dang 1a mot linh viee day tinh canh tranh,
muc tiéu hudng dén la tang tdc do xi ly, kha nang trich xuat va thu thap thong tin ti
nguon dit liéu noi trén cho cac muc dich sit dung khac nhau.

Nghién ctru trinh bay vé mang no-ron tich chap (Convolutional Neural Network
— CNN), va kha nang tng dung ctia no trén nén tang di dong android. Trong pham vi
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bai bdo, chiing tdi sé ¢d gang 1am rd mo6 hinh CNN va danh gia cdc khdi chitc ning, tac
ddng ctia cac tham s6 dén két qua nhan dang hinh anh. D6i twong cu thé ¢ day la tap co
sO di liéu chi s6 viét tay MNIST [2]. Cudi cung, bai bao ciing dé cap dén tinh kha dung
cua viéc xay dung mo hinh trén nén tang di dong Android cho viéc nhan dang chit so.

2. KI THUAT HOC SAU VA MANG NO-RON TiCH CHAP
2.1. Ki thuat hoc sau

Hoc sau (Deep Learning - DL) la mgt nhanh nho trong Machine Learning hay
hoc may cho phép may tinh ty hudn luyén dé thuc hién viéc hoc hoi tir mét luwong 16n
dw liéu duogc cung cap dé giai quyét nhitng van dé cu thé.

Qua4 trinh nghién ctru va danh gia sé dwgc thuc hién trén tap d liéu chi s6 viét
tay thong dung MNIST theo phuwong thitc hoc c6 giam sat. Co nghia 13, cac dix liéu dau
vao da duoc xac dinh san, viéc hoc sé thuce hién du doan va so sanh két qua dau ra voi
dau vao, sau d6 mo hinh mang sé thyc hién “hoc” va diéu chinh tham s6 mang cho phu
hop voi tap dix liéu dau vao.

Trong bai bao nay, ching t6i lia chon m6 hinh mang no-ron tich chap thay vi
md hinh mang MLP truyén théng vi wu diém x@ ly phéan tich theo phan vung khong
gian, day 1a mot vu diém noi trdi khi danh gid cac tap dix liéu nhiéu chiéu, trong truong
hop nay la dit liéu hinh anh.

2.2. Mang no-ron tich chap CNN
2.2.1. Mang no-ron tich chap

Trong cac mang MLP truyén thdng, mdi no-ron trong 16p phia trude sé duoc két
ndi dén tat ca cac no-ron 0 16p phia sau, diéu nay khién cho khéi luong tinh toan trong
mang tang manh khi tdng d6 sdu ctia m6 hinh (tdng sd lwong 16p) cho mo hinh.

C3: . maps 16@10x10
C1: feature maps S4:f. maps 16@5x5

INPUT
32x32 6@28x28

S2: f. maps
6@14x14

‘ | Ful oonr;\ecﬁon ‘ Gaussian connections
Convolutions Subsampling Convolutions ~ Subsampling Full connection

Hinh 2.1. So d6 kh6i m6 ta md hinh mang lenet-5 (1998) [4].

Su ra doi cia mang CNN da gitp giai quyét van dé trén bang cach st dung cac
vung tiép nhan cuc by, tap trong sd chia sé va phuong phap 14y tich chap d€ trich xuét
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thong tin thay cho phuong phap ¢ dién. Hinh 2.1 phia trén biéu dién mo hinh mang
Lenet-5, m6 hinh CNN dwgc Yan Lecun cdng bd déau tién vao nam 1998.

Sau day, ching t6i sé di vao chi tiét hon vé mang no-ron tich chap va cac tham
s0 sé duoc nghién ctru danh gia.

2.2.2. Lop tich chap (convolutional layer)

Lop tich chdp la mot thanh phén c6t 16i cia mang no-ron tich chap (CNN), st
dung d@ trich xuat cdc thong tin déc tinh ctia hinh anh (feature map) ho tro cho qua trinh
“hoc” cia mang CNN [5]. Phrong thitc hoat dong ctia 16p nay dwoc thiec hién thong qua
qua trinh truot va lay tich chap cua bo loc (filter/kernel) trén toan bd anh. Két qua dau
ra la ddc tinh cia anh tuwong tGng véi bo loc da sit dung, véi cang nhiéu bo loc duoc st
dung, ching tdi sé thu dugc cang nhiéu dic tinh cta anh twong tGng.

Trong pham vi bai bdo nay, ching tdi sé xét dén cac tham s6 c6 tac dong dén 16p
tich chap gom: kich thudc bo loc, budc truot (stride) [5].

2.2.3. Lép 1dy mau xudng (pooling layer)

Lép 18y mau xudng c6 tac dung giam kich thude ctia dit liéu hinh anh tir &6 gitip
cho mang c6 thé hoc dugc cac thong tin ¢d tinh chat khai quat hon, dong thoi qua trinh
nay giam so lugng cac thong so trong mang [6].

Cac phuong phap 1ay mau xudng thuong dugc st dung la Max Pooling va
Average Pooling [7].

2.2.4. L6op dropout

Lép dropout la mét ky thuat duoc st dung dé€ han ché hién tugng overfitting
(hién twong mang no-ron qua bam sat vao tap dit liéu hudn luyén va khong dap ung
duwoc vdi cac tap dix liéu mdéi), theong gap 0 mang CNN va gitp mo hinh tinh toan
nhanh hon. Dropout st dung phuong phap loai bd mdt s§ no-ron ngau nhién trong
mang véi mot xac suat cho triede bang cach thiét 1ap tat ca trong sd no-ron d6 bang 0,
dong nghia vai cac lién két téi no-ron d6 déu khong co gia tri, khi d6 mo hinh sé phai ¢
géng nhan dang dung trong khi thiéu thong tin tir cic no-ron bi loai bo. Diéu nay sé gitip
tang ti 16 nhan dang ctia m6 hinh nhung khéng qua phu thudc vao dit liéu huan luyén
[5].

2.2.5. Lop két n6i day du (Fully-connected layer - FC)

Dau vao ctia 16p két ndi day du 1a dau ra tir 16p 18y mau xudng hodc 16p tich chap
cudi cing, né dugc lam phang va sau d6 duoc dwa vao 16p két nsi day da d€ chuyén
tiép. Lop FC ¢ nhiém vu tong hgp thong tin dwa ra 16p quyét dinh (output) cho ra két
qua chinh xac nhét.
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3. KHAO SAT VA DANH GIA HOAT PONG

3.1. M6 hinh va co s6 dit lieu
3.1.1. M6 hinh mang CNN

V6i muc tiéu danh gia duoc vai tro ctia cac tham so tac dong dén két qua dau ra,
nhom nghién cttu thiee hién danh gia dwa trén mo hinh CNN co ban (m6 hinh Lenet-5)
va thuee hién thay d8i cac thong s8, thay d6i mé hinh bang cach chén cac khdi theo yéu
cau cua tteng khao sat cu thé.

Mo hinh dugc mo ta nhu trong hinh 3.1:

Conv2D

kernel(3x3x1x6)

Average
pooling 2D

Average
pooling 2D

kernel(3x3x6x16)

bias(6) bias(16)

kernel(84x10) kernel(120x84) kernel(784x120)

bias(10) bias(84) bias(120)

Hinh 3.1. M6 hinh mang CNN st dung trong nghién cttu va danh gia.
3.1.2. BO co so dir liéu MNIST

Tap co sd dix liéu MNIST la mot co s¢ dir liéu 16n gom cac chir sO viét tay, thuong
duoc st dung dé dao tao cac hé thong hoc may nhim xt ly hinh anh khac nhau. Co so
d@ liéu cting duoc st dung rong rai dé dao tao va thit nghiém trong linh vic hoc may.

Tap MNIST g6m 70000 di liéu duoc chia thanh 2 phéan: 60000 hinh anh st dung
cho huan luyén va 10000 hinh anh dung cho muc dich kiém tra.

0 1 2 3 4 5 B 7 8 9
Hinh 3.2. M6t s6 hinh anh vi du trich xuét tir co s¢ dit liéu MNIST [8

3.2. Danh gia vai tro ctia cic tham s6 caa mé hinh

Ti 1é nhan dang dung trén 2 tdp huan luyén va kiém tra sé dugc st dung lam
tiéu chi d€ danh gia mic do hiéu qua chinh xac ciia mo hinh.
3.2.1. Kich thudée bo loc

B0 loc (kernel) chinh la ctra s6 ¢6 kich thudce n x 1, c6 nhiém vu thuce hién tich

chap v6i anh dé trich xuat cac dac tinh cua anh. Cac bg loc nay st dung tap trong sd va
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ngudng chung (shared weights and bias) trén 1 bd loc trong suét qua trinh bo loc dé
truot trén anh, dac diém nay gitp giam thiéu duoc s luong cac tham s cua mang so
véi mang no-ron truyén théng (mang multi layer perceptron — MLP).

TAC PONG CUA KiCH THUOC BO LOC
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Hinh 3.3. So d6 biéu dién kich thudc ctia bd loc dnh hurdng t6i ti 16 nhan dang dting va thoi gian

mdi chu ki hoc trong m6 hinh.

Nhin vao biéu do trén ,vdi 4 kich thude ciia bd loc dwoc xét 1a: 1x1, 3x3, 5x5, 7x7.
Ngoai ra, kich thudc bg loc 3x3 chinh 1a kich thidc médc dinh cita mdé hinh Lenet-5 ¢ hinh
2.1.Nhin chung, ti 1é nhan dang dung trén tap kiém tra cia cac truong hop 3x3, 5x5, 7x7
kha t6t, déu dat muc trén 98%; diéu nguoc lai dung véi truong hop 1x1, dat 96%. Bén
canh d¢, thoi gian mdi chu ki hoc cling tang theo kich thudc ctia bd loc.

Truong hop st dung ctra s6 kich thudce 1x1 c6 phuwong thitc hoat dong kha tuong
dong voi co ché mang MLP, mét diém ¢ 16p nay sé két ndi dén tat ca cac ban d6 dac tinh
& phia sau nén ti 1é nhan dang dung trén tap kiém tra khoéng cao. O cac kich thudce cira
s0 con lai hién twgng overfitting it hon 1x1 nhung kich thuwdc 5x5 van cho ti 1é nhan dang
trén tap kiém tra cao nhat trong cac kich thudc con lai. Theo khuyén nghi cta ching toi
khi str dung hinh anh déau vao c6 kich ¢ nho (nho hon 128x128 diém anh) thi nén dung
bd loc 3x3 thich hop cho mo6 hinh.

3.2.2. Budc truot

Budc truot (stride) 1a s6 diém anh ma bd loc sé dich chuyén so véi vi tri trude do.
Gia st chon bo loc véi gia tri bude trueot bang 1, bo loc sé dich chuyén toan bd ctra s6
tich chap tt trai sang phai va ti trén xudéng 1 diém anh. Gia tri budc truegt cang 16n, téc
dd tinh toan cang nhanh (s6 lwgng phép tinh it), tuy nhién kich thudc ctia thong tin dac
tinh ctia hinh anh cang nho, lwgng thong tin bi mat cang nhiéu.
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Dwa vao biéu d6 ¢ hinh 3.4, v6i 3 kich thudc budc trueot dwoe xét 1la: 1, 2, 3. Co
thé thdy rang ti 1é nhan dang dting trén tap kiém tra & budc trueot bang 1, 2 dat trén 97,5%
va nguoc lai voi budce treot béng 3 thap hon 95% bén canh d6 thoi gian mdi chu ki hoc
cling giam theo kich thudc ctia budc treot.

DANH GIA VE BUOC TRUOT
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Hinh 3.4. So d6 thé hién kich thudc cuia cac bude trueot anh hudng téi ti 1€ nhan dang diang va

thoi gian mdi chu ki hoc trong mo hinh mang.

Nhan thdy rang & budc trueot 1 xay ra tinh trang overfitting dan dén ti 16 nhan
dang thap hon budc trugt 2. O s6 budc trreot 2 ti 16 nhan dang dung trén tap kiém tra
cao nhét trong 3 treong hop dwoc xét. DSi véi truong hop bude truot bang 3 thi ti 18
nhén dang trén tap kiém tra thdp do khoéi lwong thong tin bi mat mat qua nhiéu. Xét chu
ki hoc thi tai mdi treong hop thi budce truot bf“mg 1 cho thoi gian lau nhat do su dich
chuyén tai budc nay nhé nén thoi gian d€ b loc trugt hét toan bo anh cang lau va diéu
nay nguoc lai so voi cac truong hop khac. Voi két qua trong hinh 3.4 thi nén st dung
buwdc truot be‘“mg 2 vi tai budc trueot nay cho két qua nhan dang trén tap kiém tra cao véi
chu ki hoc chdp nhan dwgc.

3.4. Max Pooling va Average Pooling

Nhuw da chi ra & muc 2.2.3, ta tién hanh khao sat véi 2 phueong phép 14y mau la
Max Pooling va Average Pooling.

Hinh 3.5 thé hién két qua sau 50 chu ki hoc, m6 hinh dwoc thiét 1ap voéi budc truot
bang 2. Dé dang nhan thady dugc, ti 1& nhan dang ding ctia Average Pooling (~99% trén
tap kiém tra) cao hon Max Pooling (~97% trén tap kiém tra) va hién tuwgng overfitting
ctia hai phwong phap ngang nhau (~1% chénh léch gitta 2 tap dit liéu).
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Trong thuec t€, Average Pooling thuong duoc st dung dé trich xuat cac ndi dung
mang tinh chét tong hop, con Max Pooling duoc stt dung cho cac treong hop mudn tach
cac thong tin noi trdi trong di liéu duoc hoc. Tuy vao ting diéu kién cu thé ma cd thé
st dung ting loai hodc két hgp ca 2 phwong phap dé tang tinh linh hoat cho mo hinh.

CAC PHUONG PHAP LAY MAU XUONG
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Hinh 3.5. Phuong phap 14y mau xudng anh hudng téi i 1é nhan dang ding

trong mo6 hinh mang.

3.5. Tac dong cua 16p dropout
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Hinh 3.6. So d6 biéu dién sw anh hwéng cua dropout 1én md hinh mang.

Nhin vao hinh 3.6 thi ti 1é nhan dang dung trén tap kiém tra ctia dropout 0,1 la
cao nhat dat trén 99% va giam dan tx 0,2 > 0,4 2> “khong c6 dropout” - 0,5 2 0,3. Qua
do dropout cua 0,1; 0,2 va “khong cé dropout” xay ra hién twong overfitting con ¢ 0,3;
0,4; 0,5 xay ra hién twong underfitting (ti 1¢ huan luyén dung thap hon ti 1é kiém tra
dung). Cu thé trong bai toan duoc khao sat, chon ti 1é dropout 0,1 va 0,2 cho duoc két
qua kha quan hon cac treong hop con lai. Tuy nhién, d6i voi cac treong hop va bai toan
khac can c6 sy khao sat voi nhiéu truong hgp dé co ti 1€ t6i wu hon.
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3.7. So sanh hai md hinh ly thuyét va thuc t&

Vi mét s6 van dé lién quan dén sy chénh léch vé gidi han phan cing va xu ly
phan mém trén may tinh va thiét bi di dong, nhém nghién ctru dé xudt md hinh CNN
véi cdu trac nhu hinh 3.7. Mot s6 vu diém cta mo hinh c6 thé ké dén: don gian, linh
hoat, dap ing duoc bai toan dé xuat.

Tuy nhién, d€ c6 thé€ ting dung mo hinh trén vao nén tang di dong can cd sy
chuyén doi gitta Tensorflow (TF) va Tensorflow Lite (TF Lite), qua trinh chuyén d6i gitta
hai nén tang thuat toan ciing c6 su khac biét. Dé dang nhan thay, d6 chinh la viéc khuyét
thiéu khéi chitc nang Dropout khi chuyén tir nén tang TF sang TF Lite, luu y, cac tham
s6 khac nhu tap trong s6 chung, ngudng chung, kich thude b loc, hay buée truot ... van
duoc gitt nguyén.

Hinh 3.7 va 3.8 mé ta sy twong quan gitta hai mo6 hinh hoat dong trén hai nén
tang khac nhau.

Conv2D Max pooling Dropout Conv2D
Kernel(3x3x1x32) 2D Kkernel(3x3x32x64)

bias(32) bias(64)

Dropout Max pooling

2D

kernel(128x10) kernel(3136x128)

bias(10)

Pias(128)

Hinh 3.7. M6 hinh mang CNN st dung thu vién Tensorflow.

Conv2D Max pooling Conv2D
kernel(3x3x1x32) 2D Kkernel(3x3x32x64)

bias(64)

bias(32)

kernel(128x10) kernel(3136x128)

bias(10) bias(128)

Hinh 3.8. M6 hinh mang CNN st dung thu vién Tensorflow Lite.

Hinh 3.9, m6 ta mot sd két qua khi thwe hién trén tiing dung di dong. Vi mo hinh
dugc st dung nhu trinh bay, két qua nhan duoc kha kha quan. Tuy nhién, voi dit liéu
dua vao la bo dix liéu méi (do nguoi st dung viét va chua qua hoc tap) van con mot s6
treong hop nhan dang chua chinh xac, vi du: lién quan dén van dé chir s viét nghiéng,
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chit s6 duoc viét trong mot phan cua giao dién viét hoac treong hop thte nghiém véi
nhiéu hon 1 chit s6, hinh 3.10 thé hién cac két qua con chwa t6i vu.

Cé thé nhan thay, ing dung chi dap tng duoc viéc xtr ly bai toan don gian, trong
mot s6 diéu kién cu thé va con can phat trién thém trong tuong lai véi nhiéu tac vu phirc
tap hon.

rediction 9

Prediction 1 Prediction 9

Hinh 3.9. Giao dién cua tng dung nhan dang chit s6 viét tay trén thiét bi di ddong Android.

Prediction 6 Prediction 7 Prediction 4

Hinh 3.10. Cac treong hop cho két qua chua chinh xac.

4. KET LUAN

Bai bao da thuc hién gidi thiéu vé mang no-ron tich chap va khao sat cac tham
s0 cting nhu cac khoi chiic nang, danh gia vai tro tadc dong cua chung dén ti 1é nhan dang
hinh anh & dau ra. Nghién cttu cling thiec hién trién khai mo6 hinh mang CNN nham giai
quyét bai toan nhan dang cht s6 viét tay trén nén tang Android st dung thu vién
Tensorflow va Tensorfow Lite. Tuy két qua danh gia trén thuc t€ kha kha quan, nhung
van con ton tai mot s treong hop nhan dién sai do sai khac vé tap dix liéu cia mo hinh
gitta ly thuyét va thuec té. Do vay, nhém nghién cttu c6 dinh hudng xay dung ting dung
nhan dién hoan thién hon trong tuong lai, va mo rong co so dix liéu khong chi chit s&
viét tay ma con thé tng dung 1én cac tap khac nhu CIFAR-10, CIFAR-100, hay Fashion
MNIST, ...
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EVALUATING THE PARAMETERS OF THE CONVOLUTION
NEURAL NETWORK MODEL (CNN) AND APPLYING TO DESIGN
SOFTWARE IDENTIFICATION OF WRITTEN NUMBERS
ON ANDROID MOBILE PLATFORM

Nguyen Ngoc Tuan Anh’, Vuong Quang Phuoc, Phan Hai Phong
University of Sciences, Hue University
*Email: nntuananh97@gmail.com
ABSTRACTS

Over the past decade, artificial intelligence in general or deep learning in particular
has made remarkable developments. The report presents a model of artificial
intelligence network, handwritten number recognition by convolutional neural
network (CNN) [1]. Thereby, the parameter concept is clarified to evaluate the
importance of the parameters in the model, presenting simulation results achieved
when using artificial neural networks to identify handwritten numerical images
based on MNIST data set (Modified National Institute of Standards and Technology)
[2] and bring simulation models onto the Android application. The result of the
model is appreciated through the rate of right reconization and investigated with

many different cases.
Keywords: artificial intelligence, convolutional neural network, CNN, MNIST.
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