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Tom tit— Ngay nay, tri tu¢ nhan tao (Al) va hoc sau
(DL) da tro thanh mot phan khong thé thiéu cua cac cong
ngh¢ hién dai. Tuy nhién, hau hét cac md hinh hoc sau déu
doi hoi tai nguyén tinh toan 16n, khién chung khong kha thi
dé trién khai trén cac thiét bi co tai nguyén han ché, dic
biét 1a trén cac thiét bi bién mang. Do do, nhiéu cai tién d6i
v6i kién trac hoc sau di dwoc dé xuit dé cho phép chung
hoat dong véi cac gidi han vé tinh toan va bo nhé. Bai bao
nay thuc hién mot s6 khao sat nham danh gia muc do hoat
dong ctia cac mo6 hinh hoc sau khac nhau khi dugc trién
khai trén thiét bi bién Raspberry Pi 4, mot thiét bi thuong
¢6 han ché vé sttc manh tinh toan, bo nhé va nang lugng.
Danh gia s& tap trung vao cac yéu td quan trong nhu do
chinh xac, str dung bd nhd, téc do xur Iy va do tré suy ludn;
nham xac dinh cac mo hinh c6 thé dat duoc hiu suét toi
wu trén cac thiét bi bién nhu Raspberry Pi 4 ma khong lam
giam dang ké do chinh xac hay hiéu suat. Cac két qua khao
sat thu dugc s€ dugc sir dung dé hd tro viée trién khai cac
mo hinh Al trong cic méi truong han ché vé tai nguyén cho
cac tmg dung dién toan bién thuc tién.

Tir khéa— Mang Neuron sau, Rasberry Pi 4,
ShuffleNet, MNASNet, EfficientNet.

I. GIOITHIEU

Trong thoi dai cach mang cong nghé 4.0 va su bing nd cta
loT thi dién toan bién (Edge Computing) dang dugc trién
khai rong rdi dé dua ra nhiing ng dung, dir liéu gan hon
v6i cac thiét bi va ngudi dung nham khac phuc nhimng han
ché cua dién toan dam may (Cloud Computing) vé do tré,
yéu cau bang thong 16n ciing nhu kha nang xir 1y dit lidu.
Cung véi do tri tué nhén tao (Artificial Intelligence- Al) va
hoc sau (Deep Learning- -DL) dé tr¢ thanh nhimg yeu t6 cot
16i thic day sy phat trién cua cac ing dung théng minh.
Viéc ap ung dung Al va DL trén céc thiét bi bién (Edge
Devices) mang lai nhiéu lgi ich to 16n, gitip cho chung tr
nén thong minh hon va giam tai tinh toan cho dam may.
Tuy nhién, hau hét céc m6 hinh hoc sau khi thyc hién déu
d0i hoi st dung tai nguyén phan ctig rat 16n phuc vu cho
tinh toan, didu nay gy kho khan khi thyc thi cac mé hinh
hoc sau trén nhitng thiét bi c6 cdu hinh han ché nhu cac
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thiét bi bién cua mang. Viéc phat trién cac mé hinh hoc sau
phtt hop véi thiét bi bién ciing nhu tim kiém cac thiét b
bién c¢6 kha ning trién khai nhitng mé hinh DL nay 1a mot
nhu ciu bit budc nham hién thuc héa md hinh dién toan
bién.

May tinh nhing Raspberry Pi 4 12 mot thiét bj phan cimg
phé bién nho kich thudc nho gon va gia thanh phai ching,
mang tiém nang tro thanh nén tang trién khai cic mé hinh
Al trong rat nhiéu mg dung IoT, tw dong hoa va hé thong
nhdng. Tuy nhién, viéc trién khai cac mo hinh mang neuron
sau trén Raspberry Pi 4 khong chi doi hoi kha néng tinh
toan ma con doi hoi t6i uu hoa ciu trac mang neuron dé
dam bao hiéu qua vé thoi gian xir 1y, nang lugng tiéu thy
va d6 chinh xéc.

Bai bao nay s& tap trung vao viéc trién khai cac mé hinh
hoc sdu, S0 sanh va danh gia hiéu qua cia cic cu tric mang
neuron sau khac nhau trén may t|nh nhing Raspberry Pi4,
tir 46 dé xuat nhimng giai phap t6i wu hoa nham nang cao
kha ning umg dung ctia Al trén céc thiét bi bién cia mang
c6 tai nguyén han ché.

A. Thiét bi bién ciia mang (Edge devices)
Simple Edge Computing Architecture

Cloud —
Cloud Layer Server Mieme
Edge Networking
Edge I.ayer [ Edge Node / Server ] [ Edge Node / Server ] [ Edge Node / Server }
Device Layer D ,ﬁ.\ % h .[ﬁ

Hinh 1. M® hinh kién triic dién todn bién

Thiét bi bién ctia mang 1a nhirng thiét bi phan ctmg trong
mang [oT duoc trién khai gan véi ngudn dit liéu hodc nguoi
ding, thudng ndm & "bién"cua mang, nghia 1a khong phai
0 trung tam dir liéu hay dam may.

Mot s6 vi du vé thiét bi bién bao gém: cac cam bién IoT,
camera an ninh, thiét bj diéu khién cong nghiép, hoic cac
thiét bi nhé gon nhu Raspberry Pi.
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Hinh 2. May tinh nhiing Raspberry Pi 4

B. Mo hinh mang neuron sdau

Mang neuron sau (Deep Neural Network - DNN) 1a mét
loai m6 hinh hoc may (Machine Learning- ML) dya trén
cac mang neuron nhan tao (Artificial Neural Networks -
ANN) ¢6 nhiéu 16p, thudng dugc sir dung dé giai quyét cac
bai toan phtc tap lién quan dén nhan dang, phén loai, va
du doan.

Diém khac biét giita mang neuron thong thuong va mang
neuron sau 1a sé luong 16n cac 16p an (hidden layers) dugc
str dyng trong mé hinh, gitp né hoc dugce cac dac trung
triru tugng hon tir dir liéu.

Céu trac co ban cia mot mang neuron sau thudng cé:

« Lop dau vao (input layer): Nhan dir liéu tir bén ngoai,
¢6 s6 lugng neuron twong tng véi sd lwong dic trung
(features) trong dir liu.

« L6p an (hidden layer): Gom nhiéu 16p noron thyc hién
phép bién d6i phi tuyén (non-linear transformations) dé
trich xuét va hoc cac dic trung cua dit liéu. Mdi 16p an
dugc két ndi hoan toan véi 10p trude do.

« Lép dau ra (output layer): xudt két qua cudi cung,
chang han nhu du doan phan loai hodc hdi quy.

hidden layer 1 hidden layer 2 hidden layer 3

input layer

5N

Y
2>

Hinh 3. Kién triic mét mang neuron sdu

Céc ham kich hoat (activation functions): chang han nhu

Sigmoid, Tanh hay ReLU [1], dugc 4p dung sau mdi 16p
dé dwa ra cac gia tri phi tuyén, giup mang c6 kha ning
hoc nhiing dac trung phuc tap.

« Ham mdt mat (Loss function) : Gitp danh gia chat
lwong ciia du doan va tdi wu mé hinh thong qua céc thuat
toan nhu Gradient Descent hodc Adam [2].

M6 hinh mang neuron sau c6 rat nhiéu ing dung trong
cac linh vuc Al, tiéu biéu nhu nhan dang hinh anh (image
recognition) trong thi gidc may tinh (computer vision), xtr
Ii ngbn ngir ty nhién (natural language processing), du
doan chudi thoi gian (time series forecasting) ...vV.

Il. MO HINH BAI TOAN VA PHUONG THUC THU NGHIEM
A. M0 hinh bai toan

Khi ma cadc md hinh neuron séu cang ngay cang tré nén
pho bién, nhu cau trién khai cac mé hinh nay khong chi
trén dam mdy ma cOn tai cac thiét bi bién cta mang ciing
16n hon. Tuy nhién, qua trinh nay gép phai nhiéu thach thirc
lién quan dén nguodn tai nguyén tinh toan han ché cla thiét
bi bién, bao gom:

* Hiéu suéat xir 1y han ché: thiét bi bién nhu Raspberry Pi

Bdng 1: Chii thich va tham sé chung cho viéc ting cuong dit liéu

K¥ thuit Y nghia Théng sb
. PP Mean = [0.485, 0.456, 0.406]
Normalize Chuan hoa dir liéu Std = [0.229, 0.224, 0.225]
Reshape Thay déi kich thugc anh Vudng, 256 x 256

Center crop

Phéng dai vung trung tam ctia anh

Vubng, 224 x 224

Random horizontal flip

L4t ngdu nhién hinh anh theo chiéu ngang

Ty 18 50%

Nomalize Reshape

Wy Y

—>

Y

CenterCrop  ——  RandomHorizontalFlip

Hinh 4. Cdc budc tang cuong dit lidu
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Bang 2: Tham 56 chung cho hudn luyén mé hinh

Tham s6/K§y thuat

Loai/Théng sb

Ham mét mat (loss function)

Cross-Entropy

Thuat toan t6i uu

Stochastic gradient descent (SGD)

S6 vong lap (iteration)

30

Téc @6 hoc (learning rate)

0.1

¢6 CPU va RAM han ché, diéu nay lam cho viéc xtr ly cac
md hinh phure tap tré nén khé khan va cham chap.

« Thiét bi bién thuong yéu cau hoat dong tiét kiém ning
lugng, trong khi cac m6 hinh DNN, déc biét 1a nhitng m6
hinh 16n, tiéu thu rat nhiéu tai nguyén.

« Kha nang luu trit: M6 hinh DNN thudng yéu cau dung
lugng bd nhé 16n, khong phu hop véi kha nang Ivu trit han
ché cua thiét bi bién.

Viéc trién khai DNN trén cac thiét bi bién ciing ¢ rat
nhiéu loi ich nhu: giam d6 tré so véi viée truyén tryc tiép
dir lidu 1én dam may dé xir 1i, bao vé quyén riéng tu cta dir
lidu, giam bang thong, vv. Hién nay, rat nhiéu mé hinh
DNN d4 duoc thiét ké va tdi wu hoa dé co thé st dung cho

thiét bi nho gon, han ché vé& kha nang tinh toan nhu
MobileNet [3], ShuffleNet [4], EfficientNet [5].

« MobileNet [3] c6 thé coi 1a mé hinh dau tién duoc giGi
thiéu trong cudc cach mang tdi wu hoa cac ciu trac neuron
sau. Ung dung phép toan depthwise separable convolution
va kién tric inverted residual block, MobileNet dd mé ra
cudc canh tranh trong gidi nghién ciru Al vé viéc tao ra mot
md hinh nho, nhe nhanh va c6 hiéu suit tét.

» ShuffleNet [4] duoc thiét ké véi muc tiéu cai tién
MobileNet, giam ham lugng tinh todn ma van gitr dugc
hiéu suét cao bang k¥ thuat channel shuffling. Tuy nhién,
d6 chinh xé4c cia ShuffleNet thuong khong cao bang cac
md hinh 16n hon no.

Bdng 3: Théng s6 ddanh gid cdc mé hinh khi sir dung trén Raspberry Pi 4

M6 hinh P§ chinh x4c (%) | S6 lwgng tham sb (x 10°) | MACs (x10°)
ShuffleNet-V2 89.36 2.28 0.15
EfficientNet-V2 (nho) 88.53 21.45 2.90
EfficientNet-V2 (16n) 68.70 11851 12.38
MobileNet-V3 (nho) 93.17 2.54 0.06
MobileNet-V3 (16n) 86.91 5.48 0.23
MNASNet 1.0 83.69 4.38 0.33
oo x::r;rad ‘/\\\/\ /_/ 0.8 — iggglad
§ 0.7 A % 0.4
*] 0.2 —
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Hinh 4. Thay déi ham madt mét va dg chinh xdc trong qud trinh hudn luyén cac thudt todn t6i wu khac nhau
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Hinh 5. Thay d6i ham mdt mat va dg chinh xdc trong qud trinh hudn luyén véi sé vong Idp khéac nhau
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* MNASNet [6] 1a mét mdé hinh mang neuron siu vo
cung doc dao voi kha nang ty dong tim kiém va thiét ké
kién tric mang neuron cho ban than dé t6i wu vé hiéu suit
va tai nguyén tinh toan théng qua ky thuédt neural
architecture search (NAS). MNASNet cling thira hudng
céc k¥ thuat t6i vu ciia MobileNet.

« EfficientNet [5] dugc xem 1a mé hinh mang neuron sau
manh mé nhét hién tai (dat d6 chinh xac cao nhat trong rat
nhiéu tac vu), duoc téi wu bang phuong phap compound
scaling, gitip mo rong kich thudec mé hinh theo chiéu dai,
chiéu rong va do phan giai mot cach can bang. M6 hinh nay
c6 d6 chinh xac vuot trdi, vdi cai gia la yéu cau tai nguyén
cao hon.

Do c4c md hinh trén déu duoc thiét ké dé phu hop véi
cac thiét bi tinh toan nho hon va han ché hon, viéc so sanh
d6 hidu qua va yéu cau tai nguyén giira chiing khi van hanh
trén thiét bi bién 1a diéu cn thiét.

B. Phuwong thirc thir nghiém

Cac md hinh mang neuron sdu (DNNs) dugc su dung
trong bai bao gdm:

* ShuffleNet-V2 [4].

« EfficientNet-V2 [5] (2 phién ban l6n va nho).

* MobileNet-V3 [3] (2 phién ban 16n va nho).

* MNASNet 1.0 [6].

Chiing t6i str dung phwong thirc huan luyén mé hinh theo
tac vu phan loai (classification) trén cong cu tinh
toan doc lap, sau dé trich xuét trong s mé hinh (weights)
va str dung céc trong s nay trén thiét bi bién Raspberry Pi
4. B6 dit liéu dugc sir dung dé huin luyén va danh gia cac
mé hinh 1a bg dit liéu DogCat [7]. Tép dit liéu nay bao gdm
25000 anh cho va meo, s& duoc chia lam 2 phan: tap dir
liu huén luyén (training) (70% tong sé dit liéu anh, sir
dung dé huén luyén) va tap kiém tra (test) (30% tong sb dit
liéu anh, dung dé kiém tra). Chiing t6i tién hanh ting cuong
dir liéu (data augmentation) trén tap training dé gia tang do
phong phu cua hinh anh (mé phong nhu Hinh 3 va Bang
1). Cac tham s6 huan luyén c6 & Bang 2.

Sau do, chung toi tién hanh so sanh va danh gia d6 hiéu
qua cta cac md hinh théng qua cac chi sé sau:

e Tham s6 mé hinh (Parameter): mé hinh cang it tham
sO thi cang tiét kiém vé khong gian nhé, tuy nhién s& thiét
vé d6 chinh x4c so v6i cac mé hinh 16n, nhiéu tham s hon.

* Multiply-Accumulation Operation (MAC): mdt phép
tinh toan duoc thuc hién béi cdc mo hinh trong qua trinh
suy luan (inference). M6 hinh nao cang thyc hién nhiéu
MACS hon trong qua trinh s& ton nhiéu tai nguyén tinh toan
hon.

* Bo chinh xac (Accuracy): B9 chinh xac cua cac md
hinh s& dugc danh gia trén tap test ctia bo dir liéu DogCat.

ll. KET QUA VA MOT SO NHAN XET

Mau thiét bi bién ma chiing t6i st dung 14 Raspberry Pi 4
Model B (4GB RAM) véi chip Broadcom BCM27111, bd
xir 1. Quad-core Cortex-A72 (ARM v8). Két qua danh gia
cac md hinh c¢6 & Bang 3. Két qua so sanh cac mo hinh cho
théy su khac biét r0 rét trong cac chi s6. V& mit hiéu suit,
diéu kha bat ngd 1a MobileNet-V3 nho lai 1a mé hinh c6 do
chinh x4c trén tip test cao nhit (93.17%), trong khi
EfficientNet-V2 lai c6 do chinh xé4c rat thdp (68.17%).
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Diéu nay cho thdy mot thé manh cta cic mé hinh c6 céu
trac nho gon: khong can tiéu ton qua nhiéu thoi gian hudn
luyén dé dat két qua cao (30 vOng lap). MobileNet-V3 nho
ciing ddng thoi 1a mé hinh can it phép tinh toan nhat véi 6
x 107 MACs. ShuffleNet-V2 nho dung thir hai vé do chinh
xac véi 89.36% d6 chinh xac nhung chi s¢ hitu 2.28 x 106
tham sé mé hinh - mot lya chon hoan hao khac cho cac
thiét bi bién. Ngugc lai, cdc md hinh 16n hon vbn can nhiéu
thoi gian dé toi vu nhu hai phién ban EfficientNet-V2 hay
MobileNet-V3 16n déu cho thiy d¢ hiéu qua kém hon khi
bi han ché vé tai nguyén.

Thém vao d6, nhom tac gia da khao sat md hinh
MobileNet-V3 nho véi céc cdu hinh khac nhau dé tim ra
lwa chon t6i wu. Pau tién, chung t6i tién hanh thir nghiém
v6i 3 thuét toan t6i wu khac nhau: Adam [2], Adagrad [8]
va SGD [9]. Chung t6i gitr nguyén téc d6 hoc bang 0.01 va
s6 vong lap bang 30. Véi mdi thuat toan, chung toi tién

Bdng 4: Thong s6 danh gid cdc mé hinh MobiNet-V3 sau 30

vong lap
Thuit toan | D) chinh xac | Ham mat mat
Adam 90,83% 0,159
Adagrad 86,49% 0,049
SGD 91,71% 0,088

hanh 3 14n chay thir nghiém va 13y két qua trung binh. Két
qué thu dugc nhu & Hinh 4 va Bang 4 cho thiy sy hiéu qua
cua hai thuat toan Adam va SGD (90.83% va 91.71% trén
tap test). Ngoai ra, c6 thé thy thuat toan Adagrad gitip mo
hinh dat dén ngudng hoi tu kha som va 6n dinh: ngay tir
vong lap thtr 5 thi d6 chinh xac da khong thay d6i nhiéu.
Ham mét mat cross-entropy ciing giam nhanh va déu nhat
khi md hinh sir dung Adagrad. Trong khi d6, ca Adam va
SGD déu cho thiy su dao dong kha déng ké vé do chinh
xéc trong 30 vong lap. Nhu ta d4 thiy, thuat toan SGD chwa
thé 1am mo hinh hi tu ¢ vong lap thir 30. Dé kiém tra viing
hoi tu cia thuat toan SGD, chung t6i quyét dinh huén luyén
3 lan véi s6 vong 1ap khac nhau: 40, 45 va 50. Ham mat
mét cross-entropy duoc gitr khong dbi va tbe do hoc dit
bang 0.01. Tur két qua ¢ Hinh 5 va Bang 4, ta co thé thy
rang di ham mét mat ciia mo hinh d4 dat dén ngudng hoi
tu (khéng con giam nhiéu) nhung d6 chinh xac van bién
thién rat manh. M6 hinh ctia ching ta c6 thé dang overfit -
md hinh c6 thé da hoc duoc ca nhitng phan thong tin nhiéu
va khong quan trong trong anh. Ngoai ra, ta c6 thé khing
dinh rang SGD khong phai 1a thuat toan ti uu phu hgp nhét
cho MobileNet-V3 do sy thiéu 6n dinh ctia né.

IV. KET LUAN

Trong d¢é tai nay, nhom tac gia da thyc hién nghién ctru
va so sanh, danh gia do hiéu qua cia cac ciu trac mang
neuron sau (DNNs) trén thiét bi bién Raspberry Pi 4. Két
qua phan tich cho thiy riang hiéu ning cua cac mé hinh
DNN khi thyc hién trén cac thiét bi bién ciia mang véi tai
nguyén han ché khong chi phu thudc vao sy phirc tap caa
mo6 hinh DNN va tai nguyén phan ctng han ché cua
Raspberry Pi 4, ma con phu thudc vao cach huén luyén va
kha nang lya chon cac thudt toan, cAc tham s6 tot nhat.

Nghién ciru ciing khang dinh ring viéc téi wu hoa mang
neuron siu d4 dat dugc nhimg két qua dang ghi nhan:
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nhitng mé hinh DNN dugc thiét ké danh cho cac thiét bi
Vi tai nguyén han ché déu to ra hiéu qua ca vé do chinh
xéc hay tai nguyén tiéu ton. Nhitng mo hinh gon nhe nhu
MobileNet-V3 hay ShuffleNet déu dat dugc do chinh xac
dang ké va cao hon so véi cac mé hinh c6 d phirc tap cao
hon ching nhu EfficientNet-V2. Didu nay 1a co s¢ vimng
chéc cho cac tng dung Al va IoT khi trién khai thyc té trén
c4c thiét bi bién ciia mang c6 tai nguyén han ché.
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PERFORMANCE EVALUATION OF SOME
DEEP NEURAL NETWORK STRUCTURES IN
EDGE COMPUTING MODELS

Abstract— Nowadays, artificial intelligence and deep
learning has become an integral part of modern
technologies. However, most deep learning models require
extensive computation resources, making them infeasible
for deployment with limited resources, especially on edge
devices. As a result, several innovations to deep learning
architectures have been proposed to allow them to operate
with constrained computation and memory capabilities.
This project aims to assess how well various deep learning
models perform when deployed on a well-known edge
device, namely Raspberry Pi 4, which typically has
constraints in computational power, memory, and energy.
The evaluation will focus on key factors like accuracy,
memory usage, processing speed and inference latency;
aiming to identify the models that can achieve optimal
performance on edge devices like the Raspberry Pi 4
without significant trade-offs in accuracy or efficiency.
The findings are intended to guide the deployment of Al
models in resource-constrained environments for real-
world applications.

Keywords—Deep Neuron Network, Rasberry Pi 4,
ShuffleNet, MNASNet, EfficientNet.
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nghé Dién tir - Vién thong nam 2006 tai Dai
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Nhan béng tién si ky thuat nganh Ky thuat
Ra da-Dan duong nam 2019 tai Hoc vién
K¥ thuat Quan su. Hién dang giang day tai
Hoc vién Cong nghé Buu chinh Vién théng.
Linh viee nghién ciru: Radar nhiéu vi tri, xtr 1y tin hiéu, dién tir
may tinh, IoT va hoc may.
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; Linh vuc nghién curu: Xt ly tin hi¢u, di¢n tir
may tinh, IoT va hoc may.
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