TRUONG DAl HOC BACH KHOA HA NOI
VIEN DIEN

BO MON PIEU KHIEN TU PONG

DAI HOC

BACH KHOA

PO AN THIET KE
HE THONG PIEU KHIEN TU PONG

UNG DUNG MANG CONVOLUTIONAL NEURAL NETWORK
TRONG NHAN DANG HE THONG PIEU KHIEN

Gi4o vién huéng dan TS. Nguyén Hoai Nam

Sinh vién thuc hién : Duong Ba Hai bang — 20141016
D6 Son Lam — 20142474
Pinh Trung Kién — 20142385




Muc luc

LY THUY ET oottt ettt ettt ettt ettt et et ettt et et et et ettt et eeee e e s e e aeenas 3
1.1 GiGi thidU V& Mang NEUFAL ........o.eeeeieeeeeeeeeeeeeeee e ee e ee e es e e ee s en e en e, 3
1.2.Giéi thiéu mang Convolutional Neural Network ............ccccceeeeeiiiieeeeiccinnen. 5

L1.2.1. PInh nghTa....cooiiiiiicc e 5
1.2.2.Convolution (tich ChAP) .......eocveiiie e 6
1.2.3.CAUtrlC MaNG CNIN ..ottt 7

1. UNG DUNG MANG CNN VAO NHAN DANG HE THONG TRONG DIEU

KIHIEN .ottt ettt ettt ettt et et et et et et et et et er et et ete e et et eenereeeen e, 12
2.1.TraiNING ata......ceeiiiiieiiiiie et e e e e nre e e nnee s 12
2.2.HUAN TuYEn Mang CNN: .......oiiiieeeeeeeeeeeeeeee ettt 13
2.3. K&t QUA QUA trINN rAINING......cvevveececeeeees e 16

HHLKET LUAN ettt ettt ettt ettt ettt e et n et een e, 19

(oY (=T (] (61T TR 20



I.LY THUYET
1.1 Giéi thiéu vé mang neural

Dinh nghia: Mang noron nhan tao, Artificial Neural Network (ANN) Ia mot mo
hinh xtr ly théng tin phong theo cach thuac xir ly théng tin cta cac hé noron sinh hoc.
N6 duoc tao nén tir mot s6 lwong 16n cac phan tir (noron) két ndi véi nhau thong qua
cac lién két (trong sb lién két) 1am viéc nhu mot thé thdng nhat dé giai quyét mot
van dé cy thé nao d6. Mot mang noron nhan tao dugc cau hinh cho mot tng dung cu
thé (nhan dang mau, phan loai di liéu) théng qua mot qua trinh hoc tir tap cac mau
huan luyén. Vé ban chat hoc chinh Ia qué trinh hiéu chinh trong sé lién két giira cac
noron.

-C4u trdc mang Neural nhan tao

Pau vao No ron
f N b
LN BN
Rx 1 1XR\ ” : 1x 1
j 1x1 ‘f
1=P b
1x1 1

R
Sara? '\ .
a=f(Wp+b)

Céc thanh phan co ban cta 1 mang Neural bao gom:
+ Tap dau vao: La céac tin hiéu vao (input signals) ciia noron, cac tin hiéu nay
thudng duoc dua vao dudi dang mot vector R chiéu.
+ Tap céc lién két: Mdi lién két duoc thé hién bai mot trong sé lién két —
Synaptic weight. Trong s6 lién két gitra tin hiéu vao thi j v6i noron k thuong
duoc ki hiéu la w,, . Thong thudng, cac trong s6 nay duoc khoi tao mot cach



ngau nhién & thoi diém khoi tao mang va dugc cap nhat lién tyuc trong qué
trinh hoc mang.

+ B tong (Summing function): Thuong dung dé tinh tong cua tich cac dau vao
n vai trong sb lién két cua no.

+ Ngudng (con goi la mot do Iéch - bias): Ngudng b nay thuong duoc dua vao
nhu mot thanh phan cua ham truyén.

+ Ham truyén f (Transfer function): Ham f nay duoc dung dé gigi han pham vi
dau ra cia mdi noron. N6 nhan dau vao 1a két qua ciia ham tong va ngudng.

+ Pau ra a: LA tin hiéu dau ra cua mot noron, véi mdi noron sé& ¢o toi da 1a mot

dau ra.
Ham truyén
Tén ham M6 ta toan hoc Ung dung
a = hardlim(n) _{0 n<0 Mang Perceptron
1 n>0
a = purelin(n) a=n Mang Adaline
a = logsig(n) g L Mang nhiéu I6p, thuat
1+e” toan lan truyén nguoc
a = tansig(n) e e’ Mang nhiéu Iop, thuat
e"+e™ toan lan truyén nguoc
a = poslin(n) az{o n<0 Mang Hamming
n n>0
a = satlins(n) -1 n<-1 Mang Hopfield
a=qn -1<n<1
1 n>1

Xét v& mat toan hoc , cau triic cia mot mang neuron duogc biéu didn bang biéu thic

Sau.

a=f(Wp+Dhb)
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Trong d6 p= TW =

Pr Wir
Nhu vay noron nhan tao nhan cac tin hiéu dau vao, xir ly (nhan cac tin hiéu nay véi
trong sé lién két, tinh tong cac tich thu dojoc roi gui két qua téi ham truyén), va cho
mét tin hiéu dau ra ( 1a két qua cua ham truyén).
-Moét sb loai mang neuron:
+ Mang perceptron: C6 thé giai quyét bai toan phan loai véi duong bién tuyén
tinh
+ Mang nhiéu I6p (mé rong ciia mang perceptron): Cé thé giai quyét bai toan
phan loai bat ky, xap xi mot ham phi tuyén bat ky.
+ Mang neuron dong: Nhan dang va diéu khién céac hé théng dong hoc va phi
tuyén
+ Mang nhé: tng dung dé phan loai mau(chi viét,anh)
+ Mang Adaline: rhg dung nhu bo loc thich nghi
+ Mang RBF: ttng dung xap xi ham, phan loai miu

1.2. Gigi thiéu mang Convolutional Neural Network
1.2.1. Dinh nghia

Nhitng nim gan day, ta di ching kién duoc nhiéu thanh tuu vuot bac trong
nganh Thi gidc may tinh (Computer Vision). Cac hé théng xu ly anh Ién nhu
Facebook, Google hay Amazon di dua vao san pham caa minh nhitng chirc ning
thong minh nhu nhan dién khuén mat nguoi dung, phéat trién xe hoi ty lai hay drone
giao hang ty dong.

Véi su phat trién phan cang manh mé cho phép tinh toan song song hang ti
phép tinh, tao tién dé cho Mang no-ron tich chap trd nén phé bién va dong vai tro
quan trong trong sy phat trién cua tri tué nhan tao n6i chung va xt Iy anh noi riéng.
Mot trong cac tng dung quan trong cua mang no-ron tich chap do la cho phép cac
may tinh c6 kha niang “nhin” va “phén tich”, noi 1 cach dé hiéu, Convnets duoc str
dung dé nhan dang hinh anh bang cach dua né qua nhiéu layer véi mot b loc tich
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chap dé sau cing c6 dugc mot diém sé nhan dang ddi twong. CNN duoc ldy cam
hirng tir vo ndo thi giac.

MAi khi ching ta nhin thdy mot cai gi d6, mot loat cac 16p té bao than kinh
dugc kich hoat, va mdi 16p than kinh s& phat hién mot tap hop cac dic trung nhu
duong thiang, canh, mau sic,v.v.v cia ddi tuong. 16p than kinh cang cao s& phét hién
cac dic trung phic tap hon dé nhan ra nhitng gi chiing ta da thay.

Convolutional Neural Network (CNNs — Mang no-ron tich chap) la mét trong
nhitng md hinh Deep Learning tién tién gitp cho ching ta xay dung duoc nhitng hé
théng théng minh v&i do chinh xac cao nhu hién nay. Trong d6 an nay, ching ta s&
trinh bay vé Convolution (tich chap) ciing nhu ¥ tuéng cta md hinh CNNs trong
phan 16p anh ap dung trong bai toan nhan dang hé thong (Image Classification)
1.2.2. Convolution (tich chap)

Tich chap duoc sir dung dau tién trong xt ly tin hiéu sb (Signal processing). Nho
vao nguyén Iy bién do6i thong tin, cac nha khoa hoc di 4ap dung
ki thuat nay vao xu ly anh va video so.

Pé dé hinh dung, ta c6 thé xem tich chap nhu mot cua sé truot (sliding
window) ap dit 18n mot ma tran. Ta co thé theo ddi co ché cua tich chap qua
hinh minh hoa bén dudi.

111|11(0]0
oOj1|1(1(0 4134
0(0|1(1,|1, 2043
010110, 2134
D 1 1&1 Dnﬂ 0)‘1
— Convolved
Feature

Céc convolutional layer co cac parameter(kernel) da dugc hoc dé tu diéu chinh lay
ra nhitng thdng tin chinh xac nhat ma khong can chon cé4c feature. Trong hinh anh
vi dy trén, ma tran bén trai 1a mot hinh anh tring den dugc s6 hda. Ma tran c6 kich
thugc 5x5 va mdi diém anh c6 gia tri 1 hodc 0 1a giao diém cta dong va cot.
Convolution hay tich chap Ia nhan tirng phan tir trong ma tran 3.



Sliding Window hay con goi la kernel, filter hoac feature detect Ia mot ma tran co
kich thudc nhé nhu trong vi du trén 1a 3x3. Convolution hay tich chap la nhéan ting
phan tir bén trong ma tran 3x3 v&i ma tran bén trai. Két qua duoc mot ma tran goi 12
Convoled feature dugc sinh ra tir viéc nhan ma tran Filter véi ma tran anh 5x5 bén
trai.
1.2.3. Céu triic mang CNN

Mang CNN la mét tap hop céc 16p Convolution chong 18n nhau va st dung cac
ham nonlinear activation nhu ReLU va pooling (Subsampling layer) dé kich hoat
cac trong so trong cac node. Mai mot 16p sau khi thdng qua cac ham kich hoat sé tao
ra cac théng tin triru twong hon cho céac 16p tiép theo. M&i mot 16p sau khi théng qua
cac ham kich hoat sé tao ra cac thdng tin triru tugng hon cho céc 16p tiép theo.

Trong mé hinh mang truyén thang (feedforward neural network) thi mdi neural
dau vao (input node) cho mdi neural dau ra trong cac lop tiép theo. M6 hinh nay goi
la mang két nbi day du (fully connected layer) hay mang toan ven (affine layer). Con
trong mé hinh CNNs thi nguoc lai. Cac layer lién két dugc véi nhau thong qua co
ché convolution. Layer tiép theo la két qua convolution tir layer trudc d6, nhd vay
ma ta ¢ dugc cac két ndi cuc bo. Nhu vay mdi neuron ¢ 16p ké tiép sinh ra tir két
qua cua filter ap dat 1én mot vang anh cuc bd cua neuron trude dob.

Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected

Image input layer

Lép Image input layer dinh dang kich thudc cua cac anh dau vao cia 1 mang CNN.
Str dung ham imagelnputLayer function. Kich thudc cta anh twong ¢ng véi chiéu
cao, chiéu rong , va kénh mau cua anh do.



O bai nay kich thudc cua anh dau vao 13 [96x96x3] twong wng voi kich thude anh 1a
96 pixels x 96 pixel véi kénh mau la 3 tirc la anh mau.

b) Convolutional Layer

+

Mot Iép Convolutional bao gdm céc neurons két ndi cac feature map cua anh dau
vao hodc dau ra cua I6p trude nd. Lép ndy tim hiéu céc feature trong 1 mang nho
(filter a pixels x a pixels) khi duwoc quét trén anh dau vao. Kich thuéc cua filter nay
¢ thé duoc chinh stra d@é ph hop voi kich thudc cua anh dau vao sir dung ham
filterSize .

Trong mdi ving, mdi mot két ndi s& hoc mot trong s6 va mdi neuron an s& hoc mot
bias str dung ham trainNetwork. M&i mét ving day goi 1a mot truong tiép nhan cuc
bo. Filter di chuyén doc tir trai sang phai hoic tir trén xudng dudi doc theo anh dau
vao. Budc di chuyén dugc goi 1a Stride. Vi vay sb lugng ving quét co thé ap dat
duogc thdng qua filterSize va Stride.

S6 trong sé duoc st dung cho 1 filter 13 h*w*c lan luot 12 chiéu dai, rong, s6 kénh
mau cua filter.S6 filter s& quét dinh s6 kénh dau ra cua 1 16p convolutional.

Khi 1 filter di doc theo anh né sir dung trong sé va bias cb dinh tao ra 1 feature map.
Vi vay sb feature maps (M) cua 1 16p convolutional s& bang véi sé filters. Mi
feature map c6 trong sb va bias riéng. Vay tong sb thong sé trong 1 16p convolutional
la ((h*w*c+1)*Number of filters) trong do6 bias=1.

Kich thudc dau ra( chiéu dai va rong) cua 1 16p convolutional duoc tinh theo cong
thuec:

Output size= (input size-filter size+2*Padding)/Stride +1 .

Trong d6 input size, filter size 14 kich thudc ctia dau vao va filter, Stride 1a buéc
nhay cua filter, Padding la sé hang hoic cot thém vao ria cua anh dau vao dé diéu
chinh kich thudc anh dau ra. Output size phai 1a sé nguyén duong dé dam bao tat ca
cac phan cta anh déu duoc xét dén trong lop convolutional.

S6 lugng neurons trong 1 16p convolutional:

Tong sé neurons bang (Map size* Number of Filters)

Trong d6 Map size 1a chiéu dai*rong cia output size.

¢) Batch Normalization Layer



d)

f)

Lép Batch Normalization dugc stir dung gitta I6p convolutional va cac ham nonlinear
activation nhu ReLU dé tang toc d6 huan luyén va giam do nhay cam. Bé tao 1 16p
Batch Normalization sir dung ham batchNormalizationLayer

RelL U Layer

Lép ReLU 1am cho véi mdi thanh phan dau vao ma gia tri nho hon 0 thi duoc dat
bing 0.

X x>0
f(x)=
() {0 Xx<0

ReLU dugc ching minh gilp cho viéc training cac Deep Networks nhanh hon rat
nhiéu. Sy ting tdc nay dugc cho 1a vi ReLU duoc tinh todn gan nhu tic thoi va
gradient cua né ciing dugc tinh cuc nhanh véi gradient bang 1 néu dau vao Ién hon
0, bang 0 néu dau vao nho hon 0. Loai bo cé4c gia tri Am cua dau vao va set vé 0.
Tao ra 1 16p ReLU sur dung ham reluLayer
Max-Pooling Layer
Muc dich cua pooling rat don gian, né 1am giam sb hyperparameter ma ta can phai
tinh toan, tir 46 giam thoi gian tinh toan, tranh overfitting. Loai pooling ta thuong
gap nhat 1a max pooling, Iy gié tri 16n nhat trong mot pooling window. Pooling hoat
dong gan gidng vaéi convolution, nd ciing c¢6 1 ctra 6 truot goi 1a pooling window,
ctra SO ndy truot qua tirng gid tri cua ma tran dit liéu dau vao (thuong la céc feature
map trong convolutional layer), chon ra mot gia tri tir cac gia tri nam trong cira 6
truot (Vi max pooling ta sé lay gia tri 16n nhat). Thuong 16p nay ta s& chon pooling
window truot doc theo dau vao ma khdng bi tring. Co nghia 13 budc nhay s& bang
kich thudc cua window.Néu dau vao cua I6p Pooling 1a h x h va pooling window la
t x t thi dau ra cua I6p pooling cua 1 kénh convolutional 1a h/x x h/x .Ta c6 thé sir
dung pooling window trugt twong tu nhu filter cua I6p convolutional va output size
cling s& giéng voi cong thuc:

(inputsize — poolingwindow + 2 x Padding)

Stride

Str dung ham maxPooling2dLayer
Fully connected Layer



9)

Thudng thi sau cac I6p Conv+Pooling thi s& 1a 2 16p Fully connected, mot layer dé
tap hop Ccéc tat ca cac feature layer ma dd duoc hoc & céc 16p trude, chuyén doi dit
liéu tir 3-D, hoic 2-D thanh 1-D, tic chi con 1a 1 vector. Lép cudi cing nay téng
hop tat ca cac feature dé nhan dang céc loai anh. S6 neuron cua layer nay phu thudc
vao sb output ma ta mudn tim ra. Gia sir véi tap dir liéu ta dang xét chang han, ta c6
tap 10 d6i twong. Vay output s& c6 sé neurons 1a 10. Dé tao 1 16p fully Connected
dung ham fullyConnectedLayer
Output Layer
Softmax and Classification Layers:

- Softmax function:

P(x.0lc)P(c.)  exp(z(x0))

P =
ilp(x,e )

a, =P(c [x0)= ( -
: P(c;) jzl“exp(zj (x.0))
Vi 0< P(cr|x,<9)£1,zk:P(cj x,0)=1

C;

Vi mdi input X, P(c,|x,8) thé hién xac xuat dé input d6 roi vao class r néu biét tham

sd cua mo hinh.

Hinh vé& dué6i ddy thé hién ham softmax dudi dang neural network

Q@ o
':j

;. biases, don't forget!

¢d: data dimension
" number of classes
x € R4

W € RU+)XC short form

z=WTx c R®

a = softmax(z) € R®

c
a; =0, Zﬂ; =1
i=1
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- Classification layer thuong di sau softmax layer. O 16p ndy gia tri tir ham softmax
duoc lay ra va chi dinh cho mdi input vao 1 trong k classes bang viéc sir dung ham
entropy:

E(0)=—anitu Iny;(x.0)

i=1 j=1

Trong do t, la chi s6 chi ra raing mau i thugc ve class j, y, (x,6) 1a dau ra cua mau i

duoc lay tir ham softmax.
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1. UNG DUNG MANG CNN VAO NHAN DANG HE THONG TRONG
PIEU KHIEN

2.1. Dir liéu huan luyén

Dit liéu training 1a anh cac dap tng dau ra cua ddi twong khi c6 dau vao 1a ham Step

Function : uT(t):{é Of;T
v
u.(f)
14
.

O day ta chon T=500 du I6n dé tin hiéu ra dat gan gié tri t vé cing
Cac bo mau bao gom:

Khau tich phan bac nhit: G(s) = —
1+Ts

Khau quan tinh bac hai: G(s) = K T, %7,
A+Ts)A+T,s)

Khau dao dong bac hai: G(s) = K — 0<D<1
1+2DTs+T"s

Khau quan tinh bac ba: G(s) = K T, 2T, #T,
1+TS)A+T,s)L+T,s)

Khau dao dong bac ba: G(s) = kz - 0<D<1
(1+2DTs+T"s°)(T,;s+1)

Va céc khau trén c6 thém thanh phan tré

Anh tin hiéu ra thu dugc khi tin hiéu vao cua hé thong la ham step function s& duoc
xu ly lai:

+ Thoi gian md phong 1a 2T véi @6 thi nira thoi gian T cudi dugc V& nguoc lai voi
nira thoi gian T dau.

+ Sau d6 dd thi dugc thu gon theo 2 tryc tir dai ban dau vé dai [0,1]
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+ Anh sau khi export s& & du6i dang dudi ‘png’ voi kich thudc 96x96x3
Dt liéu mau duoc tao cho mdi thu muc 1a 2500 anh mau.
2.2. Huan luyén mang CNN:
Ta st dung mang neural bao gom 15 16p neurons :
layers = [
imagelnputLayer([96 96 3])
convolution2dLayer(6,32,'Padding',0,'Stride’,2)
batchNormalizationLayer
reluLayer
maxPooling2dLayer(2,'Stride’,2)
convolution2dLayer(4,16,'Padding’,0,'Stride’,2)
batchNormalizationLayer
reluLayer
maxPooling2dLayer(2,'Stride’,2)
convolution2dLayer(2,8,'Padding’,1)
batchNormalizationLayer
reluLayer
fullyConnectedLayer(10)
softmaxLayer
classificationLayer];
Dir liéu dau vao 1a anh 96 pixels x 96 pixels x 3(anh mau)
Lép convolutional thir nhat
convolution2dLayer(6,32,'Padding',0,'Stride",2)
vai 32 filters kich thudc 6x6 , budc nhay quet Stride=2 va khéng thém Padding
-Nhu vay s6 trong s6 cua 1 filter 12 6x6x3=108. S6 feature map = 32.
Tong sé trong sé cua 1 16p convolutional 12 (6x6x3+1)x32 = 3456

- Output size
(inputsize — filtersize + 2x Padding) - (96 -6+2x0)

Stride
anh dau ra 1a 46x46x3

+1=46

13



D)

- Sb neurons cua 16p convolutional 1 13 46x46x32=67712 neurons

- Tiép theo 1a 2 16p batchNormalizationLayer va reluLayer dé tang toc do train va
loai bo céc trong s6 am.

- Sur dung ham maxPooling2dLayer(2,'Stride',2) 16p nay s€ quét anh voi filter kich
thudc 2x2 va budc nhay la 2 dé tranh bi tring. Sau d6 trong céc trong sd & trong
vung bi quét s& chi 1y trong s6 16n nhat. Pau ra cta 16p nay ctia 1 kénh 16p
convolutional s€ la 23x23.

Tuong tu véi 16p convolutional thir 2 ta co:
convolution2dLayer(4,16,'Padding',0,'Stride’,1)

- Pau vao c6 kich thuéc 23x23

- S6 filters 1a 16, filter size 4x4, budc nhay 1 va khdng thém Padding.

- S trong s6 cua 1 filter = 4x4x3=48, Tong s6 trong s6 = (4x4x3+1)x16=784

- Output size= (23-4+2x0)+1=20

- S6 neurons = 20x20x16=6400

- bau ra sau 16p maxpooling 1a 10x10

Lép convolutional cudi cung:
convolution2dLayer(2,8,'Padding’,0, 'Stride’,1)
- Pau vao c6 kich thuéc 10x10
- S6 filters 1a 8, filter size 2x2, budc nhay 1 va khong thém Padding.
- S trong s6 cua 1 filter = 2x2x3=12, Tong s6 trong s6 =(12+1)x8=104
- Output size =9
- S6 neurons = 9x9x8=648
- Lép fullyConnectedLayer(10) bao gom 10 neurons bang vai sé loai mau can
phan loali.
Dir liéu dau vao mdi loai 2500 anh dugc chia 75% cho viéc training va 25% test
vé6i s epochs max 1a 20, tée do hoc 1a 10°-3
options = trainingOptions(‘'sgdm’, ...
‘MaxEpochs',60, ...
'InitialLearnRate’,1e-3, ...
‘ValidationData',imdsValidation, ...
'ValidationFrequency',30, ...

14



'Verbose',false, ...
'Plots','training-progress');
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Ta thay do chinh x&c ctia mang neural dat duogc 12 93.17% sau 20 epochs huan
luyén.

Céc classes dé phan loai bao gdom:

-First-Order System

-First-Order System with delay

-Overdamped Second-Order System

-Overdamped Second-Order System with delay

-Underdamped Second-Order System

-Underdamped Second-Order System with delay

-Third-Order System

-Third-Order System with delay

-Fluctuated Third-Order System

-Fluctuated Third-Order System with delay

Mot s6 mau méi duoc dua vao mang neural vira huan luyén dé kiém tra:

First-Order System with delay First-Order System

Overdamped Second-Order System Overdamped Second-Order System with delay

17



Underdamped Second-Order System Underdamped Second-Order System with delay

L]

Fluctuated Third-Order System Fluctuated Third-Order System with delay

=

Third-Order System Third-Order System with delay

-
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I1l. KET LUAN
- Nhan xét: Mang neural nhan dang duoc tét cac hé théng. Nhung dbi véi
dbi tegng c6 thém thanh phan tré néu delay it hoic rat it thi kho nhan dang
duoc.
- Hudng phat trién : Dua vao mang neural nhan duoc ta ¢d thé xac dinh duoc
dang ham truyén cta dbi twong. Tir d6 c6 thé xac dinh thong sé cua ham
truyén ddi twong moét cach dé dang hon.
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