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ABSTRACT

The objective of this paper is to apply deep learning network running on an
embedded system platform to diagnose faults of a three-phase electric motor
by a non-contact method based on operating motor noise. To accomplish
this, at first, deep learning network should be designed and trained on a
computer, and then converted to an equivalent network to run on the
embedded system. The network input data is a two-dimension spectrogram
image of the noise emitted by the motor in four main cases, including normal
operation, phase shift, phase loss and bearing failure. The execution time and
accuracy of these deep learning network structures will be deployed on three
microcontrollers including ESP32, ESP32-C3 and nRF52840 to determine
the suitable embedded platform and network structure for real-time running.
Experimental results show that the proposed deep learning network models
could diagnose the faults well on both computer and embedded platform
with the highest accuracies are 99,7% and 99,3%, respectively. In particular,
the preliminary results are remarkable with the recognition time and
accuracy at 1,7 seconds and 72%, respectively associated with the proposed
deep learning network on realtime embedded system performance.
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TOM TAT

Muyc tiéu cua bai béo 1a tmg dung mang hoc sau chay trén nén tang hé théng
nhiing de chan doan thoi gian thuc 16i dong co dién ba pha bang phuong phap
khong tiép xtic dua trén tiéng on phat ra. Dé thyc hién diéu nay, trudc tién,
cac mang hoc sdu can duoc thiét ké va huan luyén trén may tinh trude khi
dugc chuyén d6i thanh mang tuong duong phu hop voi hé thong nhung. Ngo
vao ctia mang 1a anh phd hai chiéu cua tiéng on phat ra tir dong co trong bon
truong hop: binh thuong, 1éch pha, mat pha va v bac dan. Thoi gian thuc thi
va do chinh xac ciia cac cu tric mang hoc siu s& dugc khao sat trén ba vi
diéu khién 1a ESP32, ESP32-C3 va nRF52840 dé chon ra vi diéu khién va
kién trac mang phu hop nhét dé chay thoi gian thuc. Két qua thuc nghiém cho
thiy cac kién triic mang hoc sdu dé nghi da chin doan t6t cac 151 dong co trén
ca hai nén tang may tinh va hé théng nhiing véi d6 chinh x4c cao nhit tuong
ung 1a 99,7% va 99,3%. Pac biét khi chay thoi gian thuc kién trtc mang da
chon trén hé théng nhing ciing da cho két qua ban dau rat in twong véi thoi
gian nhan dang va d6 chinh xac tuong tng la 1,7 gidy va 72%.
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1. Gioi thiéu

Trong nhimg nim gan day, rat nhidu nghién ciru tap trung vao cac giai phap dé chan doan 16i dong
co dién dang van hanh duya trén phan tich cac tin hiéu &m thanh, rung dong hay dong dién dé du bao
som cac hu hong co thé xay ra nham giam thiéu cac riii ro trong van hanh hé thong [1]. Bén canh do,
mang no-ron nhan tao (Al — Artificial intelligence) ciing da va dang duoc ap dung vao linh vuc nay dé
tao ra mot phuong phap chan doan thong minh nham nang cao do tin cdy va dam bao cac hé théng k§
thuat hoat dong an toan va lién tuc [2, 3]. Viéc du doan cac hoat dong bao dudng va sira chira dya trén
két qua chan doan di duoc ap dung phé bién va dem lai loi ich vé kinh té, tinh ning nay da MathWorks
tich hop thanh mot Toolbox trén phan mém Matlabs ndi tleng cta ho [4]. Thue thi cac mang hoc sau
trén hé thong nhiing hay thiét bi di dong 14 mot budc di rat can thiét dé trién khai chiing vao tng dung
thue tién.

Viéc nghién ctru va ing dung m6 hinh may hoc quy mé nhé (hay con dugc goi 1a TinyML) da dugc
nhiéu nha nghién ctru quan tim. TinyML dé cap dén hudng nghién ciru vé hoc may dé tbi wu, nén cac
md hinh Al sao cho ¢é thé chay duoc trén cac MCU (Microcontroller unit) han ché vé tai nguyén tinh
toan va luu trit [5]. Trong bai viét ciia minh tac gia Ray da trinh bay rat chi tiét vé kha nang ctia TinyML
va danh gia vé nd mdt céach truc quan [6]. Mot sb du an ap dung TinyML da duoc trién khai trén nhiéu
linh vuc, dién hinh nhu thiét bi deo theo dai sirc khoe 1a giai phap hiéu qua dé biét duoc tinh trang hién
tai cia ngudi str dung nham dua ra cac canh bao va 10i khuyén phu hop [7]. M6 hinh 14i xe tu hanh cua
tac gia Prado cho thdy duoc cac thach thirc vé kha ning tinh toan va luu trir d6i voi mang hoc sau chay
trén hé thong nhing [8]. Cac nghién ctru nay cho thy kha ning g dung TinyML trong chan doan thoi
gian thyc 18i dong co 13 hoan toan kha thi. Tuy nhién, mot cau hoi 16n dit ra 1a cdu trac mang hoc sau
va MCU nao |a phu hop nhét dé thuc hién tmg dung chay thoi gian thuc.

Muc ti€u cua bai bdo nay la de xuat mdt kién triic mang hoc sau TlnyML pht hop dé chan doan 16i
dong co dién ba pha dva tren tleng on phat ra khi van hanh. Mot s6 kién triic mang hoc sau chan doén
16i dong co s& dugc dé xuét, huan luyén va thir nghiém dé chon ra mot kién trac phu hop nhéat. Kha ning
thue thi mang cling duoc thir nghiém trén mét s6 dong MCU thong dung hién nay dé gilp nguoi sur
dung c6 thé danh gia va lya chon mot MCU hop 1y cho g dung ctia ho. M6 hinh mang t6i wu sé dugc
cai dat va thuc nghiém thoi gian thyc trén MCU dugc chon. Thanh cong ctiia nghién clru nay s€ mé ra
nhiéu hudng nghién ctru lién quan dén nhéan dang tin hiéu thoi gian thuc.

2. Dir li¢u va phuong phap
2.1 Dar ligu

Dit liéu huin luyén la anh phd tan s6 2D (Two-dimension) ctia bon loai &m thanh phat ra tir mot dong
co dién xoay chiéu ba pha tuong tng voi truong hop dong co hoat dong binh thudng, bi 1éch pha, mat
pha va v& bac dan. Thong tin vé thong s6 dong co, bd tri thi nghlem thu &m dugc trinh bay trong nghién
ctru [3], mot cong bd khac trong chudi nghién ctru ctia nhom tac gia. Nghién ctru ny str dung lai tap dit
liéu 4m thanh, tuy nhién qua trinh xir 1y tin hiéu, tao anh phd duoc viét bang ngdén ngit Python va thuc
hién hoan toan trén cong cu Colab [9] hdng Google thay vi st dung ngdén nglr Matlabs. Dit liéu am thanh
clia cac nhom khi duoc chuyén doi thanh anh phd s& dwoc gan nhan, phan chia thanh ba tap dir liéu
chinh bao gdm Train, Validation va Test theo ti 18 twong tmg 12 60%, 20% va 20% dé sir dung cho huén
luyén va kiém tra mang hoc sau.

2.2 Phwong phap

Hinh 1 trinh bay tong quan vé phuong phap thyc hién cua nghién ctru nay bao gém hai giai doan
chinh thyc hién trén may tinh va trén MCU. Trén may tinh, cac mé hinh mang hoc sau sau khi thiét ké
s& duogc xay dung va huan luyén trén cong cu Colab sir dung tap anh pho tan s6 2D cua tiéng on thu tir
dong co. Sau khi qua trinh huin luyén két thiic, mang hoc sau s& dugc kiém tra lai voi tap dir liéu Test
dé danh gia xem no c6 dat yéu cau khong, néu khong, théng sé hay cdu trac mang s& dwoc hiéu chinh
dé huan luyén lai cho dén khi dat yéu cau. Mang hoc sau sau khi huan luyén thanh cong s& dugc chuyén
d6i thanh mo hinh mang c6 thé hoat dong trén nén tang MCU.
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Giai doan trén MCU s& thuc hién hai tac vu quan trong. Thtr nhat, kiém tra téc d6 thuc thi mang khi
nhan dang cac anh phd trong tap dir liéu Test trén may tinh dé chon ra kién tric mang ciing nhu MCU
phut hop. Thir hai, mang hoc siu t6i wu nhat s& duoc chay nhan dang thoi gian thyc vi nguén am thanh
thu tryc tiép tir micro tich hop. Dé thuc hién dugc diéu nay, MCU s& thu cac doan 4m thanh c6 thoi
lugng mot gidy, loc nhiéu, chuén hoa bién do va chay thuit toan tao anh phé tan s6 2D trude khi dua
vao mang hoc sau dé nhin dang hay dé danh gi tinh trang ctia dong co.
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2.2.1 Thudt toan xu ly tin hiéu am thanh

Trong bai bao nay, bo loc Wavelet va loc trung binh dich chuyén (MAF — Moving average filter) s&
dugc ap dung dé loc nhidu tin hiéu 4m thanh. Trén may tinh, dit liéu 4m thanh sau khi thu thap s& duoc
chuin héa bién do vé trong khoang [-1; 1], loai bo cac khoang ling néu c6 & dau va cudi doan 4m thanh
thu duogc (xuét hién do thu tuc thu dit liéu tha cong) va loc nhidu béng bd loc Wavelet.

B0 loc Wavelet dugc 4p dung trong cd hai truong hop xu 1y tin hi€u trén may tinh va MCU. B¢ loc
nay co thuat toan duoc trinh bay kha chi tiét trong [10]. Tin hiéu 4m thanh s& dugc xir Iy qua ba budc
chinh bao gom 1) phan giai tin hiéu thanh cac hé s6 Wavelet w; sir dung DWT (Discrete wavelet
transform), 2) x4c dinh ngudng dé loai bo nhidu va 3) phuc hdi tin hiéu sau khi loai bé nhidu bing bién
d6i IDWT (Inverse DWT). Nghién ciru nay st dung ngudng Wavelet mém (Soft threshold) dugc minh
hoa toan hoc bang cong thirc (1).

ey

Trong d6, Ds 1a cac hé s6 Wavelet sau khi ap dung ngudng mém, w 13 cac hé s6 Wavelet ctia tin hiéu
gdc va T 1a gia tri cua ngudng.

Bén canh bo loc Wavelet thi bo loc MAF ciing duoc ap dung dé loc tin hiéu 4m thanh khi chay thoi
gian thyc trén MCU dé tang téc do thyuc thi. MAF 1a mot bo loc kha don gian co biéu dién toan hoc nhu
cong thire (2) [11]. Tham so6 chinh cua MAF la 50 phan tur hay kich thuge M cua cura sO trugt. Cura 50
nay sé& truot tir dau dén cudi tin hiéu mdi 1an dich chuyén mot mau, tai mdi vi tri cua cua sO sé tinh toan
duogc gia tri cta tin hidu ngd ra chinh 12 trung binh cta cac phan tir trong ctra sd. MAF rat hiéu qua trong
Iam tron tin hiéu, loai cAc nhilu tin s cao, nhung tin hi€u ra bi 1&ch pha so véi tin hiéu vao.

T e
o néu|w|<T
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Trong d6, y(n) 1a tin hiéu ngd ra sau khi loc, x 14 tin hiéu ngd vao va M la kich thudc cta cira so.
Trong bai bao nay, tin hiéu ngd vao chinh 14 4m thanh ma vi diéu khién thu dugc tir micro, ngd ra sé
duoc st dung dé tao anh phé tan sd.
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Hinh 2. Nguyén Ii tao anh phé tan 2D tir tin hiéu dm thanh
2.2.2 Thudt todn tao dnh pho

Tin hiéu sau khi loc s€ dugc phan chia thanh cac doan nho c6 thoi lugng mét gidy déu nhau dé chuyén
d6i thanh anh phé 2D sir dung thuat toan nhu dwoc trinh bay trong Hinh 2. Nguyén 1y tong quat do 1a
mot cira s6 c6 kich thude 1a window size s& truot tir dau dén cubi tin hidu. Céc cira s6 nay s& chong 1én
nhau mot khoang window stride. Tai mdi vi tri clia cira so tin hiéu s& dugc lay mau bang cira s6 Hann
[12] va dugc chuyén d6i FFT (Fast Fourier Transform) bang thuat toan Kiss-FFT [13] dé thu duoc
n=256 gia tri bién do cla cac thanh phf‘m tan so. Tuy thude vao kich thudc anh phé can tao, 256 gia tri
nay s& duoc nhom lai va 1dy trung binh bang ham Mel [14], s6 luong nhém tan sé bing véi sb cot cta
anh phd tan s6 ngd ra. Trong nghién ctru nay co ba kich thudc anh phd dugce sir dung d6 1 48x48, 64x64
va 96x96 pixel. Cac anh phd nay s& duoc sir dung 1am dir liéu dé huén luyén va kiém tra mang hoc sau.

2.2.3 Cau tric mang hoc sdau de nghi

Mang hoc sau dé nghi trong nghién ciru nay c6 kién triic tong quat nhu duge trinh bay trong Hinh 3,
dugc hiéu chinh dya trén kién trac duoc &p dung trong [15, 16]. Téng quat mang hoc sau bao gdm hai
phan chinh 14 trich xudt dic trung cua ngd vao (Feature extraction) va phan loai anh ngd vao
(Classification). Ldp trich dic trung dugce tao nén tir 4 16p Tich chdp 2D dé trich xut cac dic trung cua
anh ngd vao thanh céc ban d6 dic trung (Feature map), sau mdi 16p tich chdp s& 1a mot 16p Max-pooling
dé giam kich thudc cua Feature map va ting tbc qua trinh hudn luyén ciing nhu giam tham sb mang.
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Hinh 3. Kién triic mang hoc sdu duoc dé nghi
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CAu truc nay di dugc ép dung trong [16] dé phan loai cac am thanh ctia dong co dién cho két qua rat
kha quan. Lop phdn logi gobm c¢6 mot 16p Flatten dé lam phang cac feature map tir hai chiéu sang mot
chiéu duy nhat. Lop Dropout dugc st dung dé loai bo ngau nhién mot s6 nut mang trong qua trinh huén
luyén nham giam thiéu hién tugng overfiting [17]. Tiép theo 1a mét 16p Hiden layer gom 128 no-ron st
dung ham kich hoat ReLU két ndi véi ngd ra sir dung ham kich hoat Softmax cho 4 no-ron tra Ve céc gia
tri dit doan ctia bon loai 4m thanh dué6i dang x4c xuat trong khoang [0;1].

Bang 1. Thong $6 cdc cdu tric mé hinh hoc sdu dwoc dé nghi

Convolutio Convolutio Convolutio Convolutio . Convolutio Global
. Convolutio Max-
Kién n layer 1 n layer 2 n layer 3 n layer 4 n layer 2, 3, .
; n layer 1 Pooling
trac Feature Feature Feature Feature . 4 Kernel
Kernel size . Kernel
maps maps maps maps size size
1 32 64 128 128 5x5 3x3 2x2
2 16 32 64 128 55 3x3 2x2
3 8 16 32 64 5%5 3x3 2x2

S6 feature map cuia timg 16p tich chdp 2D s& dugc thay d6i dé tao ra ba kién tric mang hoc sau khac
nhau, Bang 1 trinh bay tom tit cac tham sb ctia ching. Kién tric 1 ¢6 sb feature map 16n nhat & mdi 16p
tich chdp 2D va giam dan dén kién tric 3, cac thong sb con lai 14 trong ty nhau & mdi kién trac. Moi
kién trac s& c6 ba kich thudc ngd vao khac nhau 1a 48x48, 64x64 va 96x96 tao nén tong cong 9 kién
trdc khac nhau tuong tmg véi s6 luong tham sé huan luyén dugc trinh bay trong Bang 2.

Bang 2. S6 luwong tham $6 hudn luyén cua cac kién tric mang hoc sdu da de nghi

) Kich thirc dnh ngo vao
Kién truc

48x48 64x64 96x96
1 257796 306948 503556
2 114436 163588 360196
3 33348 57924 156228

2.2.4 Hudn luyén va chuyén doi mang hoc sdu dé thuee thi trén MCU

Céac mo hinh mang hoc sau sau khi thiét ké s& duoc cai dat va huin luyén béng ngon nglr Python trén
cong cu Colab cua hing Google. Qua trinh ndy dugc trinh bay trong luu d thuat toan & Hinh 4 gdm hai
cong doan chinh. Thir nhét 1a chuan bi, gan nhan va phan loai dit liéu sin sang cho huén luyén. Thi hai
1a cai dat mo hinh mang dwa trén nén tang Tensorflow [18], sau d6 sé& thuc thi vong lap huan luyén véi
dit liéu da chun bi. Mang hoc séu sau khi dugc huén luyén duogc kiém tra véi tap dit liéu Test, néu chua
dat yéu cau, cac tham sb cta ciu triic mang s& duoc hiéu chinh va huén luyén lai. Nguoc lai, néu mang
da dat yéu cau thi 1ap lai toan bd qua trinh v&i CAC mang con lai. Déi voi cac mang st dung chung kich
thudc anh ngd vao thi chi can thay doi tham sé mang trude khi huan luyén lai. Tong cong c6 9 mang
hoc sau nhu liét ké trong Bang 2 s€ dugc huén luyén trong nghién ctru nay.

Cac mang hoc sau duoc cai dat bang Tensorflow sau khi duoc huin luyén s& duoc biéu dién dudi
dang nhi phan cua cac s6 ddu chim dong dang chinh xdc don Binary32 theo tiéu chuan IEEE 754. Véi
biéu dién nay, cic mang hoc siu sau khi huén luyén ¢6 kich thude rat 16n khong phu hop dé thyc thi
trén cac MCU c6 tai nguyén han ché. Vi vy, chiing can duoc luong tir hoa thanh cac biéu dién khac dé
¢6 thé trién khai trén MCU. Nghién ctru ndy st dung phwong phap luong tir hoa sau khi huén luyén dya
trén cong cu Tensorflow Lite [19] vi n6 dé thyc hién, kich thuéc mé hinh sau lugng tir giam dang ké va
do chinh xac khong chénh 1éch qué 16n [20, 21].
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I

Hinh 4. Thudt todn qud trinh hudn luyén mang hoc sdu trén may tinh
2.2.5 Panh gia téc do thuc thi mang trén MCU

Véan dé dat ra sau khi lugng tir hoa cac mang hoc sau sau huin luyén d6 1a MCU va kién trac mang
nao phi hop dé chay thoi gian thuc voi tbe do nhan dang va do chinh xéc toi uu nhat? Bé giai dap cau
hoi ndy, ba dong MCU khé phd bién hién nay 1a nRF52840 duoc tich hop trén kit Arduino Nano 33
BLE Sense, ESP32 dugc tich hop trén kit Dev-Kit V1 va ESP32-C3 dugc tich hop trén Kit NodeMCU-
C3-32S Ai-Thinker s& dugc str dung dé chay thir nghiém tat ca cic mang hoc siu sau luong tir. Trong
cac kit h trén thi Arduino Nano 33 BLE Sense 1a phu hop nhat dé chay thoi gian thyc mang hoc sau Vi
kit nay tich hop san micro thu am.

Tbc do va d6 chinh xac cta cac mang hoc sdu chay trén cac MCU s& duogc kiém tra bang cach &p
dung chiing dé nhan dién cic anh pho trong tap dir liéu Test. C4c anh nay can dugc chuyén dbi thanh
mang hai chiéu kiéu 8 bit (int8) dé phu hop v&i mang sau luong tir. M&i MCU sé& dugc kiém tra v6i 400
anh phd cho mdi loai 4m thanh thu duoc tir dong co. P9 chinh xac va Fl-score tuong tng cua ting
mang hoc sau dugc str dung dé 1am co s danh gia chon MCU va mang phu hop nhat dé chay nhéan dang
thoi gian thuc.

2.2.6 Cdc chi tiéu ddnh gid két qua

Sau khi huén luyén, gi4 tri do chinh x4c (Accuaracy) va chi s6 F1-score dugc sir dung dé dénh gia
cling nhu so sanh cac cau triic mang véi nhau. Do chinh xac dugc tinh boi cong thire (3) nhu sau:
2TP+TN

A - 3
Y =S TP+ FP+ FN + TN )

Trong do, Accuracy la d6 chinh xac ciia mang can danh gia, TP (True Positive) la s6 lwong du doan
Chlnh xé&c, TN (True Negative) 1a s lvong du doan chinh xdc mot cach gian tiép, FP (False Positive) la
s6 lugng cac du doan sai 1éch, FN (False Negative) 1a sé luong cac du doan sai 1éch mot cach gian tiép.

F1-score duoc tinh bang cong thirc (4) nhu sau:

F1 _ 2 * Recall * Precision @)
score = Recall + Precision

Voi:
TP
p . . _ : 5
recision = rp—— 7P 5)
TP
R ll=—— 6
= TP TN ©
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Mot cdu trac mang c6 chi sb F1-score cao khi va chi khi ca hai chi s6 Precision va Recall déu cao.
F1-score sé& thap khi mot trong hai chi s6 nay cé gia tri thip. Trudong hop xau nhét 1a khi mot trong hai
chi s6 Precison va Recall bang 0 thi F1-score bang 0. Bé F1-score bang 1 thi ca hai gia tri nay phai
bang 1. Do d6 chi s6 F1-score 1a mot thude do dang tin cdy vé hiéu ning cia mang hoc sau trong cac
bai toan phan loai.

3. Két qua va thao luan
3.1 Khd néng nhdn dang 16i dpng co ciia cac mang hoc sau da dé xut

Két qua huin luyén cac mang hoc sau trén may tinh duoc thé hién trong Bang 3. Két qua nay cho
thiy do chinh x4c tong thé ctia cac mang hoc sdu st dung kién trac 1 13 cao nhét va giam dan dén kién
trdc 3. Pidu nay kha dé hiéu vi kién triic 1 ¢6 quy mé 16n nhat va giam dan dén trac 3. Twong tu, kich
thudc anh phd ciing anh huong dén d6 chinh xac huan luyén, anh 96x96 pixel cho mang c6 do chinh
X4C cao nhat va giam dan dén anh c6 kich thudc 48x48.

Bang 3. Két qua hudn luyén cdc mang hoc sdu trén may tinh

F1-score F1-score Fl-score  Fl-score  Thoi gian

Kién tric K,ld} b c,h inh cuiia binh cua léch ciia mit ciavéd  huin luyén
thwde anh xac |
thwong pha pha bac dan
48x48 97,59% 97,27% 95,67% 97,68% 99,75% 75 phat
1 64x64 99,63% 99,75% 99,30% 99,45% 100% 68 phat

96x96 99,66% 99,69% 99,37% 99,56% 100% 58 phut

48x48 96,97% 97,13% 94,44% 96,64% 99,69% 75 phat
2 64x64 99,09% 99,31% 98,19% 98,95% 99,94% 68 phat
96x96 99,57% 99,75% 99,12% 99,38% 100% 63 phat
48x48 94,96% 95,39% 90,70% 91,34% 99,43% 92 phat
3 64x64 98,78% 99,06% 97,63% 98,49% 99,94% 78 phat

96x96 98,94% 98,95% 97,86% 98,93% 100% 69 phut

Bén canh d9 chinh xac, F1-score ciling dugc sir dung dé do d6 chinh xac cua mang ddi véi tung loai
am thanh riéng 1. Piém chung ctia cac kién triic mang hoc sdu d6 1a nhan dang am thanh phat ra do hién
tuong v& bac dan c¢6 do chinh xac cao nhét. Hai truong hgp am thanh cia hién tugng mat pha va léch
pha dé xay ra nham |an & tit ca cac kién trac mang. D6i voi 4m thanh phat ra khi dong co hoat dong
binh thuong cic mang nhan dang kha chinh xac nhung van thip hon khi nhan dang 4m thanh v& bac
dan.

Toém lai, mang hoc sau sur dung kién trtic 1 voi anh ngo vao 96x96 pixel cho d6 chinh xac nhan dang
tong thé ciing nhu timg loai 4m thanh cao nhét cting v6i thdi gian huan luyén thap nhit. Nguoc lai, mang
hoc sau str dung kién trac 3 voi anh ngd vao 48x48 pixel cho c6 do chinh x4c nhan dang tong thé ciing
nhu timg loai 4m thanh thap nhét ciing véi thoi gian huan luyén dai nhat. T4t ca cic mang hoc sau sau
khi huén luyén s€ dugc lugng tir hoa va thuc thi trén MCU dé tim ra mot kién trc mang phu hgp nhét,
vira ¢6 thoi gian thyc thi nhanh vira dat do chinh xac cao.

3.2 Khd nang thuc thi cac magng hegc sau trén cac MCU

TAtca 9 mang hoc sau sau khi dugc lugng tir hoa sé€ cai dat trén cac MCU br:ng ngon nglr C dya trén
nén tang Tensorflow Lite trén MCU va duoc bién dich bang trinh bién dich ngén ngit C mi ngudn md
tich hop trén Arduino IDE. Tét ca cac anh phd véi kich thudc khac nhau s& dugc chuyén doi thanh mang
hai chiéu kiéu 8 bit cho phu hop véi mang hoc sau luong tir hoa va lan lugt dugce nhin dang. Thoi gian
thuc thi va do chinh x4c cua tat ca cac truong hop s€ dugc ghi nhén lai dé phan tich két qua. Téng cong
6 1600 anh pho sé dugc kiém tra trén ba MCU da chon.
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Két qua thuc nghiém cho thiy cac MCU khong di1 b nhé dé thyc thi kién triic mang 1 véi tat ca cac
kich thudc anh ngd vao. P6i v6i mang hoc siu sir dung kién tric 2, cac MCU chi ¢6 thé thuc thi mang
& hai kich thudc anh 48x48 va 64x64 pixel. Riéng mang sir dung kién tric 3 thi ¢6 thé thyc thi véi ca
ba c& anh. Két qua kiém tra toc do va dd chinh xac khi thuc thi cac mang hoc sau stir dung kién trac 2
va 3 trén cac MCU duoc tom tit trong Hinh 5.

12 100.00% 2 100.00%
99% 99%

co8s0%  98.30% [ %830% 9900% 98.80%
0.98 98.75% 99.00%
093 092 98.00% ! LA
ok 0.91
- 91.75% 97.00% - 98.00%
: - 0730
gos 96.00% £ £ 08 A -
° 94.90¢ ol e 2 97.00% &
g T 9500% §  E 96.80% 3
< 06 = 5 L i e
g 9400% & g 0o Y 96.00% =
‘g"' 93.30% 3 '_é 0.5 049 £
3 00% & | & \ i S
£ 04 93.00% L L Al 043 95.00% @
o 92.00% & 94.50%
e 2 2 94.00%
=02 01701602 91.00% g
02
- 90.00% 93.00%
0 89.00%
48x48 64x64 96x96 0 92.00%
Kich thwde dnh 48x48 64x64 96x96
Kich thudc dnh
ESP32 m=mESP32-C3 w1 RF52840
ESP32 = SP32-C3 = RE52840
)6 chinh xdc cia ESP32  =e=D3 chinh xdc clia ESP32-C3 =Dj chinh xdc ciia nRF52840 o . o . e
DY chlah e S BSY D chinhxie cla BSRI2:C B chich;3é¢/c TR F D) chinh xéc cia ESP32  —=D{ chinh xdc cua ESP32-C3-#-Dg chinh xéc cua nRF52840
a) b)

Hinh 5. Bg chinh xdc va thoi gian nhdn dang trén 3 dong vi diéu khién cia: a) cdc mé hinh si dung kién triic 3
v6i ba kich ¢& anh, b) cdc mé hinh sir dung kién tric 2 véi ba kich ¢é anh

Két qua nay chimg minh dugc mang hoc sau ap dung kién tric 2 véi ngd vao anh 64x64 pixel va
kién tric 3 v6i ngd vao 64x64 va 96x96 pixel cho d chinh xac nhan dang rat cao, dat trén 98% ngoai
trir truong hop vi diéu khién nRF52840 thyc thi kién triic 3 véi kich thudc ngd vao 96x96 chi dat 95,5%.
Nhu vdy, mang hoc sau dua trén kién triic 3 v6i kich thudc ngd vao 64x64 cho két qua tdi wu nhat vi
khong chi cé téng thoi gian thyc thi thép ttr 0,33 dén 0,39 gidy ma con ¢6 do chinh xac kha 4n tuong tur
97,75% dén 99%. Do d6 c6 thé két luan day 1a kién trac mang phut hop nhét dé thuc thi thoi gian thuc
trén cac dong MCU da chon. Bén canh do, méc du co6 thoi gian thyc thi mang dai nhat, nRF52840 lai
cho d¢ chinh x4c ndi bac nhat 99%. Hon nira, kit Arduino Nano 33 BLE Sense, hd trg MCU nay, ciing
dugc tich hop sin micro rat thuan cho viéc thu 4m thanh. Chinh vi thé, nRF52840 s& dugc chon danh
gia kha néng chay thoi gian thuc ciia mang hoc sau thay vi 1a hai MCU con lai.

3.3 Nhdn dang 16i dgng co théi gian thuc

Hinh 6 trinh bay so d6 khdi hé thdng nhan dang thoi gian thue dua trén kit Arduino Nano 33 BLE
Sense. Am thanh s& dugc thu truc tiép tir micro tich hop, nRF52840 thuc thi bon tac vu chinh bao gom
thu mot doan 4m thanh c6 thoi luong 1 gidy véi tan s 1dy mau 1a 16kHz, sau d6 s& xir Iy loc nhidu bang
mot trong hai bo loc Wavelet hoic MAF. Am thanh sau loc s& duoc chuén hoa bién do trude khi chay
thudt toan tao anh phd 2D nhu dd minh hoa trong Hinh 2. Cubi ciing mang hoc sdu s& dugc goi dé nhan
dang anh phd vira tao va cép nhat xéac suat dy doan & ngo ra.

% Arduino Nano 33 BLE Sense

Thu dm thanh Chay mé hinh
! i tlr micro dy doan

l

183 Chuyén dbi anh
‘ Xtr Iy am thanh }—[ phé 2D

Micro

Hinh 6. So' @6 mé hinh hé thong nhén dién thoi gian thuc
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Do diéu kién thuc té, nghién clru nay chua thyc hién tryc tiép véi cac am thanh duoc phat ra tir dong
co that. Giai phap hién tai ciia nhom nghién ctru & phat cac doan 4m thanh bang loa va h¢ thong nhiing
s€ thu va nhan dang ching. Loa phat can duoc lya chon sao cho 4m thanh tai tao gén vO1 am thanh thuc
té nhat.

Thi nghiém nhan dang thoi gian thuc s€ dugc thuc hién lan luot véi tirng loai am thanh. M&i loai Am
thanh s€ dugc MCU nhan dang 400 1an. Thi nghiém duoc thuc hién trong ba trudong hop bao g6m khong
loc 4m thanh sau khi thu, loc bﬁng bd loc Wavelet va MAF. B loc Wavelet sir dung 4 hé s6 Wavelet,
nguong mém T = 1; MAF st dung ctra sb truge 16 phén ttr. TAt ca cac dit liéu thi nghiém s& dugc phan
tich dé tinh toan d¢ chinh xac, F1-score va vé& confusion matrix dé so sanh két qua cua cac truong hop
thi nghiém.
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Hinh 7. Két qua thyc nghiém nhdn dang dm thanh dong co phat tir loa: a) khong loc tin hiéu am thanh, b) loc
wavelet va c) loc trung binh

Hinh 7 trinh bay confusion matrix cta ba truong hop thi nghiém. Két qua cho thiy hién tuong v& bac
dan da dugc mang hoc séu nhan dang tdt trong tat ca cac truong hop. Am thanh cta hai hién tuong mat
pha va 1éch pha dé& bi nham 14n nhau trong ca 3 truong hop nhung loc MAF cho két qua tét nhat.

Khi am thanh khong qua b loc (Hinh 7a) thi &m thanh khi dong co hoat dong binh thuong duoc
nhan dang rat tdt va no ciing rat dé bj nhim 1an boi 4m thanh 1éch pha (68/400 1an) va mit pha (36/400
14an). Am thanh khi dong co mét pha va 1éch pha rit d& bi nhim 13n qua lai, dc biét 1a 1éch pha bj nhdm
thanh méat pha 236/400 1an. Khi am thanh dugc loc Wavelet, két qua nhan dang c6 cai thién nhung su
nham 13n ting & ca ba nhom 4m thanh (Hinh 7b) thoi gian nhén dang cling tang 1én do bd loc Wavelet
kha phirc tap, xir 1y chii yéu trén sé thuc nén can nhiéu thoi gian tinh toén.

Bdng 4. Do chinh xac nhan dang thoi gian thuc

Thuat todn loc })(f)ochinh xac F‘l-score ‘cﬁa Fl-Ascore cuiia F1-s§0re cia F1-score ciia vor
: * tong quat binh thwong Iéch pha mat pha bac dan
Khong loc 71,31% 81,86% 32,36% 64,57% 94,33%
Wavelet 62,13% 47,88% 45,79% 66,68% 78%
MAF 72% 70,68% 53,64% 66,04% 97,78%

B loc MAF t6 ra hiéu qua nhéat khi khong chi cai thién dugc do chinh xac nhin dang ma con giam
dugc sy nham 1an giira cac loai 4m thanh (Hinh 7c¢). Bén canh d6, toc d6 nhan dang ciing rat nhanh do
b6 loc ndy kha don gian. Tuy nhién, sy nhim 1an gitta Am thanh 1éch pha va mét pha van chua duoc cai
thién. Twr confusion matrix, @6 chinh xac téng quat va F1-score cua cac truong hop thuc nghiém dugc
minh hoa & Bdng 4. Bang nay mét lan nita khang dinh bo loc MAF 14 pht hop nhat dé nhan dang thoi
gian thuc cac loai 4m thanh phat ra tir dong co hay phi hop nhét dé nhan dang 15i ciia dong co dwa trén
tiéng 6n phat ra v6i do chinh xac tdng quat cao nhit 72%, cai thién F1-score trong ca ba truong hop
léch pha, mat pha va v& bac dan so véi trudng hop loc Wavelet va khong loc.

JTE, Issue 72B, October 2022 9


https://jte.hcmute.edu.vn/index.php/jte/index
mailto:jte@hcmute.edu.vn

JTE JOURNAL OF TECHNICAL EDUCATION SCIENCE
Ho Chi Minh City University of Technology and Education

HCMIUTE Website: https:/jte.ncmute.edu.vn/index.php/jte/index
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

3.4 Thdo lugn

Nghién ctru nay da dé xuat duge mot kién trac mang hoc sdu co thé nhan dang thoi gian thyc mot )
156i thong dung trén dong co dién ba pha. Méc du dya trén kién trac mang CNN (Convolutional Neural
Network), kién trac dé nghi cho két qua nhén kha a an tuong khi thuc thi trén may tinh. Do chinh xéac cua
mang c6 kién tric va ngd vao 16n nhét trong nghién ctru ny (99,7%) tham chi cao hon mang GoogleNet
dugce ap dung trong nghién ctru [3] (98,8%). Nghién ctru [3] cling dang bo ngd kha néng tmg dung trén
hé théng nhiing va thiét bi di dong.

Han ché ctia nghién ctru nay 1a chi dimg lai ¢ thu thap dir liéu va thu nghiém két qua vi mot dong
co va chua danh gia dugc tic dong ciia nhidu tir cic ngudn am thanh khac nhau. Do do, mot cach ly
tuong hé thong chi méi c6 thé ap dung véi cac dong co hoat dong doc 1ap va cach xa ngudn nhidu am
thanh. Trong thoi gian t6i, nhém nghién ciru s& thu thap dit liéu va thir nghiém voi nhidu dong co khac
nhau ciing nhu tap trung tim giai phap khac phuc nhidu tap am trong méi truong thuc té dé co thé mo
rong kha nang ciing nhu pham vi ung dung cta nghién ctru nay.

4. Két luan

Nghién ctu nay da dé xuét mot thu tuc dé thiét ké va thuc hién mot mang hoc sau trén hé théng
nhung dé nhan dang 16 dong co dién ba pha dya trén tiéng dn ma no tao ra khi hoat dong. Két qua thuc
ngiém da tim ra dugc hai kién trtc mang co thé hoat dong tt v6i ca 3 dong MCU duoc dé xuat. Kich
thudc anh phd 64x64 pixel 1a phi hop nhét cho kién tric mang hoc sdu di dé nghi, cho thoi gian thuc
nhanh nhat 13 0,33 gidy va d¢ chinh x4c cao nhét 1a 99% véi anh pho tir tap dit liéu dugce tao tir Am thanh
thu thap sin trén may tinh. Song song dé, két qua thir nghiém thoi gian thuc ciing cho két qua kha an
tuong, trong truong hop tin hiéu am thanh dugc loc béng bd loc MAF dé loai bé nhidu d chinh xac
nhan dang dat 72%. Ngoai dat dugc muc ti€u dit ra, nghién ctru nay con dua ra mot birc tranh téng quan
vé kién trac dién hinh ctia mot mang hoc sau c¢6 kha nang thyc hién trén mot s6 MCU tam trung dé lam
co s6 thiét ké mang ciing nhu lya chon MCU cho cac ing dung twong ty trong tuong lai.

Loi cam on

Nhém tac gia xin giri 101 cam on chan thanh dén ThS. Hoang Vian Tung, giang vién truong Cao dang
nghé Bac Liéu, da truc tiép thuc hién tao cac su co trén dong co dién, thu &m va chia sé tap dit liéu dé
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