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ABSTRACT

Early detection of induction motor failure plays an important role in
limiting disruption to industrial production. Sensor-based measurement
methods are highly reliable, but the installation of the equipment is time
consuming and costly. Building a smartphone’s application to diagnose
electric motor problems is a research direction that attracts many groups.
This paper proposes to investigate the ability to train and diagnose
electric motor faults based on the principle of recognizing scalogram
images of motor’s operation sounds, using a deep learning neural
network. The audio signals are noise-filtered, amplitude normalized, and
scalogram rendering by wavelet transforms. The set of scalogram images
is divided into two parts for training and validating the GooglLeNet
convolutional neural network. The GooglLeNet is also investigated
through changing some basic parameters, in order to determine the best
training efficiency. After training, the network is tested on an independent
sound signal dataset. The results show that the network is able to identify
3 common motor problems including phase loss, insulating film brush and
bearing failure with 94.21% accuracy. The experiment also shows that the
development of smartphone’s application for early diagnosing electric
motor problems is feasible.

TOM TAT

Phat hién sém s cé dong co dién go'pphﬁn han ché gian doan hoat dong
sdn xudt cong nghiép. Phirong phdp do diing cam bién ¢6 dé tin cdy cao,
song viéc ldp dat mat thoi gian va chi phi. Viéc xdy dung iing dung dién
thoai dé chan dodn sy c6 dong co dién thu hit nhiéu nghién ciru. Bai bdo
tién hanh khao sat kha nang chan dodn 16i dong co dién thong qua nhin
dién anh phé tin hi¢u dm thanh vdn hanh ding mang neuron hoc sdu
GoogLeNet. Dir liéu am thanh duoc loc nhiéu, chudn héa bién do va dung
danh phé b&ng phép bién déi wavelet. Tdp anh phé dwoc ding dé hudn
luyén va kiém tra mang. Mang GoogLeNet ciing dwogc khdo sdt hiéu qua
hudn luyén thong qua viéc thay doi cdc tham s6 co ban. Sau d6, mang
duwoc klem tra trén tdp dir liéu doc lap. Két qua cho thay mang nhén dién
3 sw 6 théng dung, gom mdt pha, co phim va hong bac dan, voi ty I¢é chinh
xdc dat 94,21%. Thi nghiém ciing cho thdy kha nang phat trién tmg dung
dién thoai la kha thi.
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1. GIOI THIEU

Pong co dién noéi chung va dong co cam ung
(induction motor) noi riéng cod vai trd quan trong
trong céng nghiép. Tuy nhién, v4i cuong dd hoat
dong cao, dong co dién thuong xay ra mot sb hu
hong, nhur 16i bac dan (vong bi), 16i stator va 16i rotor
(Bonnett et al., 1992; Henao et al., 2014). Viéc phat
hién sém su ¢6 cho dong co dién 1a mot yéu cau hét
sic can thiét va quan trong, gop phan han ché viéc
gian doan trong san xuat cong nghiép.

Nghién ctu chan doan 156i dong co dién duoc
nhiéu nha khoa hoc quan tim. N6i bat 1a cac phuong
phap phén tich rung déng (Kim et al., 2014; Li et al.,
2017), phan tich dong dién (Ciszewski et al., 2016;
Yang et al., 2016; Glowacz et al., 2017) va phan tich
nhiét @6 (Guo et al., 2012). Cac phuong phap nay ap
dung k¥ thuat do dién thong qua cac cam bién dugc
bé tri xung quanh dong co dién. Ky thuat nay doi luc
gap kho khan trong viéc trién khai cong cu do trong
moi trudng cong nghiép. Tir thuc té d6, cac ki thuat
do khong dién di dwoc phat trién. Chang han,
phuong phap phéan tich anh nhiét dd dugc ap dung
(Glowacz et al., 2017). Tuy nhién, k¥ thuat nay c6
nhuoc diém co ban l1a chi phi cao, cin lam néng
dong co, xir Iy dir liéu anh nhiét cham va bé tri may
anh nhiét khé khan. Phuong phap phéan tich 4am
thanh cua dong co (Singh et al., 2017; Glowacz et
al,, 2018) ciing dwoc trién khai. Uu diém cua
phuong phéap nay la ap dung ky thuat khéng xam
l4n, chi phi thap va do tirc thoi am thanh phat ra tir
dong co dang van hanh. Tuy nhién, nhuoc diém cua
phuong phap phan tich am thanh dong co 1a van dé
Xt ly tap am trong moi trudng cong nghi¢p va cling
nhu doi hoi muc d6 tin cay cao cua giai thuat chan
doan.

Viéc ung dung phép bién d6i wavelet (Ince et al.,
2016; Sangeetha et al., 2017) dé loc nhidu va tao anh
phd 2 chiéu da duoc phat trién manh ma. Ngoai ra,
nho tdc d6 cia may tinh ngay cang duoc cai thién,
cac mang neuron tich chdp (CNN — convolutional
neural networks) cung vo6i phuong phap hoc sau
(deap learing) ngay cang duoc ing dung trong nhiéu
linh vuc. So véi phuong phap hoc may truyén thong,
phuong phép hoc sau da thé hién dwoc nhidu uu
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diém hon, nhét 1a trong linh vuc du béo 151 dong co
(Qietal., 2017; Wen et al., 2017; Xia et al., 2018).
Tuy nhién, viéc ap dung phép bién doi wavelet két
hop véi mang CNN dé chan doan 18i dong co
(Kumar et al, 2020) van con gidi han vé cac cong bd
khoa hoc. Ung véi bai toan chan doan 156i dong co
dién ding mang hoc sdu CNN, thi cac tham sé cua
qua trinh huan luyén mang can duoc khoi tao nhu
thé nao ciing 1a mot cau hoi chua duoc giai dép thoa
dang.

Trong nghién ctru ndy, phuong phap chan doan
16i dong co cam ung dua trén phan tich tin hiéu am
thanh thu duoc trong ltic van hanh két hop véi mang
hoc sau CNN va ky thuat loc nhiéu, tao anh phé 2
chiéu bang phép bién d6i wavelet. Muyc tiéu chinh
ctia nghién ctru 1a tién hanh khao sat anh huong cua
mot sé tham s co ban cua ky thuat hoc sau dén qua
trinh huén luyén va kha niang nhan dién 156i dong co
cua mang CNN. bé dat duoc muc tiéu nay, nghién
ctru da bo tri thi nghiém dé ghi 4m tiéng on phat ra
trong lic dong co van hanh béng dién thoai di dong,
tuong (g Vai cac tinh hudng su ¢b, gom: vo bac
dac, mat pha va co phim cach dién. Dit liéu 4m thanh
sau d6 dugc tién xir Iy thong qua viéc loc nhiéu bang
phép bién d6i wavelet va chuan hoa bién d¢ tin higu.
Tap dit liéu sau tién xir Iy s& dugc bién d6i thanh tap
anh pho tan sb hai chiéu, ciing dung phép bién doi
wavelet. M6 hinh mang CNN cta Google (goi 1a
GoogLeNet, Mishra et al., 2020) dwoc sir dung va
duoc khao sat hiéu qua véi sy thay doi cia cac tham
s6 co ban cua mang.

2. PHUONG PHAP NGHIEN CUU
2.1. B® tri thi nghiém

Thi nghiém ghi am tiéng 6n cua dong co dién
duoc thyc hién nham thu thap dit liéu 4m thanh phét
ra, tuong tng Véi cac trudng hop dong co mét pha,
co phim cach dién va v bac dan. Thong s6 cua dong
co dién trong thi nghiém nhu sau: Pong co khong
dong bo 3 pha, dién ap dinh mic 220/380V, dong
dinh mirc 1,2 A, toc d6 960 vong/phiit, cong suét
dinh murc 0,37 kW (0,5 HP) va tan s6 50 Hz. Thiét
bi ghi am la dién thoai di dong thong minh phé
thong, tan s6 ldy miu 44.100 Hz. M6 hinh thi
nghiém dwoc b tri nhw Hinh 1. Thong tin vé dit liéu
thu thap duoc tom tit & Bang 1.
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F Pong co dién

Soll-2 0

Hinh 1. B6 tri thi nghiém

Bang 1. Dit ligu thi nghiém

Thong tin

Tinh hudng

Mit pha Co phim Héng bac dan
Thoi gian ghi Am mdi tap tin (gidy) 120 120 120
S tap tin 4am thanh dé huin luyén mang 35 35 35
S tap tin Am thanh doc lap dé kiém thu 4 5 5

Dt li¢u am thanh ghi duoc thuong bi tac dong
boi nhidu, dong thoi, tiy thude vao cac tinh hudng
hu héng khac nhau ma bién d6 tin hi¢u am thanh van
hanh thu duoc ciing c6 gia tri khac nhau. Vi vay,
khau tién xu 1y dit liéu bao gdbm loc nhidu va chuan
hoa bién d¢ tin hidu vé& gid tri [-1, 1] s& dugc ap dung
trong phan tiép theo.

2.2. Loc nhiéu tin hi¢u bing phép bién ddi

wavelet

Phép bién dbi wavelet duoc dé& cap boi Haar
(1910), nhung n6 chi phat trién manh mé& trong xir
ly tin hiéu to khi Mallat (1989) va Daubechies
(1992) da cung cb 1y thuyét va trién khai ung dung
phép bién doi nay.

Ham wavelet dugc dinh nghia boi gl), Véi a la
tham so ty 1€ va b 1a tham s6 dich chuyén vi tri.
1 t-b
Vap(t) = ¥ (T) 1)

Khi @6, phép bién d6i wavelet cua tin hidu f(t)
duoc xac dinh la:

W(a,b) = [~ Wap(Of (©)dt =(¥yp, f) (2)

véia e R, b e R va f'(t) 1a lién hiép phuc cua
f(t). Khi a, b 1a cac tham so lién tuc, thi (2) goi la
bién ddi wavelet lién tuc. Nguoc lai, néu a, b duoc
roi rac hoa va dugc lay mau nhu sau:

a = ay; b =nbyal ?3)
thi (1) dwoc biéu dién thanh:
Yn(8) = g "W (ag™t —by)  (4)
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véi m, n e 2. Khi 46, - 1a mot thé wavelet
khac va c6 thé dung dé biéu dién tin hiéu f(t) bat ky
duai dang sau (Akansu, 1994):

f(®)=2m2n dm,nqjmn ®) (%)

trong d6, dmn duoc goi 1a hé s6 wavelet, dugc
xac dinh bai:

d n = (f(t)’ 'Pmn(t)) =
7z | f(8) ¥ (ag™t = nby) dt
Theo Akansu (1994), thay (6) vao (5), ta co:

0 —-L/2
() = B Cunag " (-
0
2 t
=1 Zn——oo dm g e ¥ (@ -

Voi:

(6)

CL,n =
nby) dt

(f (0, b1 ®) = 7 [ f(O) p(agt —

®)

Ham y(.) va ¢(.) trong (7) cho phép biéu dién tin
hiéu f(t) dang hai thanh phan, d6 1a thanh phan Xap
Xi A (Approximation), tuong (ng v&i tin hi¢u tan sb
thp va thanh phan chi tiét D (Detail) twong (g véi
tin hiéu tan s6 cao. Vi cach biéu dién nay, bién doi
wavelet dugc xem nhu tong hop cua 2 b loc, gom:
bo loc thong cao str dung ham wavelet y(.) va b loc
thong thap sir dung ham ¢(.). Méi quan hé giira hai
ham nay nhu sau (Akansu, 1994):

(1) = 2Xnho(n) (2t —n)
() = 2Xph(n) p(2t — n)

)
(10)
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trong d6 {ho(n)} va {ha(n)} twong tng 1a hé sb
cua bo loc thong thap va bo loc théng cao.

V6i co ché nay, bién d6i wavelet trén tin hiéu
nguon S hoat dong nhu mot bo loc ghép, gom bo loc
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ha thong (low-pass filter) cho ra thanh xap xi A va
bd loc thugng thong (high-pass filter) cho ra thanh
phan chi tiét D, nhu biéu dién trén Hinh 2.

LN

low-pass

high-pass

A

D

Hinh 2. Nguyén tic loc tin hiéu mét cip bing wavelet

2.3. Chuén héa bién dd tin hiéu

Tap dr liéu ghi am ¢ Bang 1, duoc thuc hién loc
nhidu bang phép bién doi wavelet. Tuy nhién, bién
d6 tin hiéu ghi 4m khong déu nhau, do mdi hién
tugng hu hong cé tiéng on phat ra 16n, nho khac
nhau. Pé dam bao bién do tin hiéu gitra cac tap tin
am thanh bang nhau, tap dir liéu am thanh can dugc
chudn hoa bién do vé gia tri [-1, 1].

Néu tin hi¢u 4m thanh f(t) c6 bién do I6n nhat 1a
fmax va blén d6 nhé nhét 712‘1 fmin, tuc lé, f(t) €
[fmax,,x,], thi tin hiéu chuan hoa y(t) thu dugc tu
f(t) dugc thuc hién nhu sau (Chen, 2019):

f)x f2,if f >|f

min |

max !
y(t) = (11)
—f(t)X mm’lf f |fmin|
2.4. Tao anh phd tin hi¢u bﬁng phép bién doi
wavelet

Viéc tao anh phd tin hiéu 4m thanh dong co dugc
xdy dung dua trén nén tang phép bién dol wavelet
lién tuc, theo (2), nhung trién khai trong mién tan so.
Morse wavelet (Lilly et al., 2012) 1a phép bién doi
dugc s dung trong nghién ctu nay, véi ham
wavelet thay vi st dung nhu (1) thi dugc dinh nghia
nhu sau:

W, () = [© W, (D) e"@tdt =

U(w) ag, wP e=®¥ (12)

V6i agy1a hé sé chuan héa, U(w) 13 ham néc don
vi, A va y1a 2 tham s thudc tinh dinh hinh ctia ham
Morse wavelet. Khi ting # va y ham wavelet (10)
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dao dong nhiéu hon trong mién thoi gian va hep hon
trong mién tan sd. Voi dic diém nay, viéc dich
chuyén 2 tham s6 B va y cho phép xac dinh dugc
tan s6 dinh wg,,,,, Cla tin higu va do rong ham
wavelet (Lilly et al., 2012):

(5)1/}’

wBYpeak BY( ﬁypeak
= 14
wﬁy(wﬁypeak) \/_y ( )

(13)

wﬁl’peak

Pﬁ’y=\/

Trong d6, W5, 1a dao ham cép hai cua ¥, theo

.

Goi W, (a,b) 1a bién d6i Morse wavelet cia tin

higu am thanh f(t) voi tham s6 ty 16 a va vi tri b. Phép
bien doi wavelet cho phép xac dinh mat do nang
lugng cuc bo cuaa tin hiéu f(t) tai moi cira s6 wavelet
(Mallat, 2009):

@By 2
| Wy (@, —228)| " (15)

Pw et = [Wr(a, b)|’ =

wBy A X: .2 2
—peak 15 tam mdi cira sé wavelet. Biéu

Véi & =
dién mat dcf)” nang luong Py (q,¢) theo thoi gian khi
trugt cura s6 wavelet trén toan tin hi¢u f(t) ta thu
dugc anh pho tin hiéu.

2.5. Mang neuron tich chap GoogLeNet

GoogLeNet la mot mang neuron nhan tao véi 22
16p hoc sau, dugc tap doan Google két hop vai nhiéu
vién, truong dé nghién ctru va dé xuat vao nam 2014
(Szegedy et al., 2015; Mishra et al., 2020). Sirc



Tap chi Khoa hoc Truong Pai hoc Cén Tho

manh ctia GoogLeNet l1a cac dir liéu dau vao khong
can thiét ké mot bo tién xir Iy anh nhu: loc anh va
trich xudt dir liéu dic trung (Zhou et al., 2017). Kich
thudc cua cac anh huan luyén va nhan dang déu
dugc thiét 1ap ¢ chuan 224x224x3 diém anh (pixels).
Theo Arora et al. (2014), dic diém chinh ciia mang
hoc siau GoogLeNet gém cac 16p tich chap
(convolution layer), cac 16p tong hop t6i da (max
pooling layer) va trong tim 1a cac 16p két hop
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(inception layer). Trong mdi 16p két hop, kich thudc
cua céac 16p tich chap 1a c¢b dinh. Theo do, 16p tich
chap (1x1), (3x3), (5%5) va 1ép téng hop téi da
(3%3) duoc thuc hién theo cach song song & dau vao
va dau ra cia chung, dugc xép chong 1én nhau dé
tao ra ngd ra cudi cung (Hinh 3). Vi phuong phap
nay, cac b loc tich chip cé cac kich thude khac
nhau s& xir Iy cac ddi tugng ¢ nhicu ty 18, tot hon cac
phuong phép trude do.

Tich chép
(1x1)

Tich chép
(3x3)

Tich chdp
(5x9)

Tfmg hop
to1 da (3x3)

Hinh 3. Céu tric caa l6p két hep (Inception layer)

2.6. Khio sat cac thong sé huin luyén mang

Céc théng sd tham gia qué trinh huan luyén
mang neuron tich chap c6 anh huong dén hiéu qua
huan luyén va kha ning nhan dang cia né. Theo
Mishra et al. (2020), hai tham sé miniBatchSize va
MaxEpochs c¢6 anh hudong quan trong dén thoi gian
huan luyén va hiéu suit cua mang. Vi vay, trong
phan thuc nghiém, nghién ctru nay s& thay doi cac
tham s trén, nham khao sat va tim kiém bo gia tri
miniBatchSize va MaxEpochs kha di nhét cho bai
toan nhan dién sy ¢ dong co dién.

3. KET QUA VA THAO LUAN

3.1. Tién xir Iy tin hi¢u

Phan thuc nghiém ctia nghién ctru nay duoc trién
khai trén phan mém MATLAB. Céng cu wavelet
(wavelet toolbox) cia MATLAB hd tro chirc ning
waveletAnalyzer cho phép minh hoa Ciu tric ciy
cua bo loc wavelet 3 bac, nhu Hinh 4. Thanh phan
tin hiéu xap xi A va thanh phan chi tiét D cua tin
hiéu am thanh S theo co ché & Hinh 2 va cac phép
bién ddi (9), (10), dugc minh hoa trén Hinh 5.

DWT : Wavelet Tree Original Signal
0z
s 5 ‘ | I
' ‘IIIII""’HI
il
o Ir| ” ‘r'l || \|‘ | | |'| ‘ | ”‘ |r' ||d\‘|\|| |."»-“|I|I‘"L
0.1 il J
a, 22 n U
200 400 600 800 1000
Dencised Signal {level 3}
02
az dz a1
0
0.1
a, d,| s

200

400 600 800 1000

Hinh 4. Céu tric ciy cia bd loc 3 cip bing wavelet
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Hinh 5. Thanh phan x4p xi A va chi tiét D ciia tin hiéu 4m thanh qua loc wavelet

Néu goi s 1a tin hiéu am thanh gdc, sd 1a tin higu
am thanh duoc loc nhidu, thi MATLAB hd trg lénh

don gian dé loc nhidu nhu sau:

[s, fs] = audioread('<\path><file>]);
Sd = wdenoise(s,5, DenoisingMethod’,'BlockJS");

0.3

0.2

01

Amplitute

Hinh 6 minh hoa két qua loc nhidu bang phép
bién d6i wavelet. Hinh 7 minh hoa mét doan tin hiéu
am thanh sau khi loc nhiu va chuan hoa vé gia tri [-
1, 1]. Tap dir liéu am thanh sau khi chuan hoa bién
d, s& duoc tiép tuc phan doan dé tao anh phd bang
phép bién d6i wavelet.

Wavelet denoised signal

Orginal singal
Wavelet denoised

3.5 4

%1073

Hinh 6. Két qua loc nhiu tin hi¢u Am thanh ddng co bing phép wavelet
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Signal processing

Amplitute

Crginal signal
Denoised signal
— — —Mormalized signal

time: (s)

3

5 G

%1073

4

Hinh 7. Minh hea két qua chuin héa bién d9 tin hiéu Am thanh

Cong cu wavelet cia MATLAB ciing hd trg
manh mé& viéc dung anh phé tin hiéu bang mot sé
[énh don gian. Hinh 8 minh hoa phé anh tin hiéu 4m
thanh twong wng véi trudng hop dong co mat pha,
hong bac dan va co phim cach dién. M&i tap tin dir
liéu 4m thanh dwoc cit thanh nhidu phan doan, mai
phan doan c6 d6 dai 65.536 mau (tan s6 liy mau la
44.100 Hz). Mbi phan doan tin hiéu nay duoc sir
dung dé tao ra mot anh phé.

Dir li¢u am thanh ¢ Bang 1, twong tng véi 3 tinh
huong su €6 thong thuong cua dong co dugc dinh
nghia bang cac nhdn tuong Ung la {‘Mat pha’,

Bang 2. Cac tap dir liu anh phd

‘Co_phim’, ‘Hong bacdan’}, ciing nhu duoc tién
Xt ly va chia ra thanh cac tap con ¢ Bang 2. Trong
do, tap dir liéu dung dé huan luyén mang, goi la
Training_dataset gom {2.124, 2.203, 2.253} anh;
tap dir liéu dung dé kiém tra mang ngay trong qua
trinh  huan  luyén  (validation) goi la
Validating_dataset, gom {531, 551, 564} anh; va tap
dir lieu doc lap dung dé kiém thir goi la
Testing_dataset gdm {303, 391, 402} anh. Mang
neuron hoc siu s& dugc huan luyén bang tap
Training_dataset va Validating_dataset. Sau khi
huin luyén, mang duoc danh gia kha ning nhan
dang béng tap Testing_dataset.

AL Ky hiéu tap Tinh huong
Thong tin dir liéu Mt pha___ Co phim _Hong bac dan
Tap dit liéu huan luyén (anh) Training_dataset 2.124 2.203 2.253
Tap dit liéu kiém tra khi hudn luyén (anh) Validating_dataset 531 551 564
Tap dit liéu doc lap dé kiém thir (anh)  Testing dataset 303 391 402
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Scalogram_Mat pha

Frequency (Hz)

Scalogram_Bac dan

Frequency (Hz)

Scalogram_Co phim

el :;I'o'én'fx‘hxﬁ,?una IHER i

honrd b LW
M+ W "t

AP W A

Frequency (Hz)

Time (s)
Hinh 8. Minh hoa anh phé tin hi¢u Am thanh déng co

3.2. Huén luyén mang neuron hec sau analyzeNetwork cho phép hién thj cdu triic mang

mot cach truc quan den tirng 16p mém. Uu diém cua

Mang neuron hoc sau duoc su dung trong thyc GoogLeNet 1a mang nay da dugc huin luyén trudc

nghiém nay la mang GoogLeNet. MATLAB dan trai v6i 10.000 anh théng dung, do do, khi tiép tuc huin

22‘Iérp hoc sau cua mang GoogLeNet thanh 144 16p luyén véi tap dit lieu méi, mang dé dang hoi tu
meém voi cau tric nhu Hinh 9. Ngoai ra, ham (Mishra et al., 2020).
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Hinh 9. Ciu tric cia GoogLeNet trong MATLAB

Tap dir  lieu  Training_dataset  va s6 co ban dwoc cai dat dé huan luyén mang gom:
Validating_dataset (Bang 2) dwoc sir dung dé huin miniBatchSize = 10 va MaxEpochs = 6. Tién trinh
luyén va kiém tra mang neuron GoogLeNet. Cau huan luyén mang dugc minh hoa trén Hinh 10, véi
hinh méy tinh duoc st dung dé huin luyén mang la: thoi gian huan luyén trén tap Training_dataset 1a 54

Dell Vostro 3671, Intel Core i7, CPU (8 nhan) phut 43 gidy va ty |é chinh xac khi kiém tra véi tap
3.0GHz, 16 GB RAM, Windows 10-64 bit. Thong Validating_dataset 1a 98,12%.

Final

£
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Hinh 10. Huin luyén mang GoogLeNet véi tap anh phd 4m thanh ddng co
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3.3. Khio sat ciac tham sé huan luyén mang

Nhu di dé cap, bo tham sé huan luyén
{miniBatchSize, MaxEpochs} s& duoc thay doi dé
danh gia hiéu suat huan luyén mang. O loat khao sat
dau tién, nghién ctru nay giit nguyén gia tri mac dinh
miniBatchSize = 10 cia MATLAB va tién hanh thay
d6i tham s6 MaxEpochs lan Iugt cac gia tri: 4, 6, 8,
10. Két qua khao sat th nhat dugc trinh bay trong
Bang 3.

Tdp 58, S6 1A (2022): 27-40

Két qua & Bang 3 cho thiy tai tham sé
MaxEpochs = 4, thoi gian huan luyén mang trén tap
Training_dataset 1a ngin nhat (36 phat 28 gidy) va
ty 18 kiém tra trén tap Validating_dataset ngay trong
qua trinh huén luyén dat 98,63%. Nhu vy, c6 thé
thiy tham s MaxEpochs = 4 1a gia tri tot nhat trong
khao sat nay.

Bang 3. Khao sat 1 — giir nguyén miniBatchSize = 10 va thay d6i MaxEpochs

- o MaxEpochs
miniBatchSize = 10 1 6 3 10
Thaoi gian huan luyén i 36°28” 54°43” 72°3” 90°22”
Ty 1€ chinh xac khi kiém tra trén 98.,63% 98,12% 98,31% 97.11%

tap Validating_dataset

Khao sat thir hai dugc tién hanh bang cach giir
nguyén gi tri tham s MaxEpochs = 4 va tién hanh
thay d6i tham s miniBatchSize lan lugt cac gia tri
1a 6, 8, 10, 12. Két qua khao sat thir hai dwgc trinh
bay trong Bang 4.

Két qua ¢ Bang 4 cho thiy tai tham sb
miniBatchSize = 10, thoi gian huan luyén mang trén

tap Training_dataset la 36 phat 28 gidy, khong
chénh 1éch dang ké so véi cac truong hop con lai.
Tuy nhién, ty 1& kiém tra trén tap Validating_dataset
ngay trong qué trinh huan luyén dat gia tri cao nhat
12 98,23%. C6 thé thay miniBatchSize = 10 1a gi tri
t5t nhat trong khao sat nay.

Bang 4. Khao sat 2 — giir nguyén MaxEpochs va thay déi miniBatchSize

miniBatchSize

MaxEpochs = 4

8 10 12
Thoi gian huan luyén i 35°22” 35’13~ 3628~ 37°06”
Ty 1€ chinh xac khi kiém tra trén tap 96.17% 97 26% 98.23% 96.79%

Validating dataset

Két qua ¢ Bang 3 va 4 cho thay cho thay bo tham
s6 {miniBatchSiz=10, MaxEpochs=4} cho hiéu suit
huan luyén mang ¢ bai toan nay 1a tot nhat. Véi cau
trac mang nay, nghién ctu tién hanh danh gia hiéu
qua nhan dang trén tap dir liéu Testing_dataset &
Bang 2.

3.4. Panh gia kha ning nhan dién sw cé dong

co' ciia mang

Mang GoogLeNet da huan luyén duoc tng dung

dé nhan dién su c6 dong co dién trén tap dir liéu Am
thanh doc 1ap Testing_dataset. Hinh 11, 12 va 13 1an
luot minh hoa két qua nhan dién su ¢ mat pha, co
phim cach dién va hong bac dan, véi ty I€ chinh xac
dugc trinh bay ¢ Bang 5. Ma QR-Code trén Hinh 14
dan dén clip minh hoa chuong trinh nhan dién sy cé
ddng co dién bang mang GooglLeNet.

Bang 5. Panh gia ty 1€ chinh xac trén tap dir li¢u doc lap

Kiém thir trén tap Tinh hudng

Testing_dataset Mit pha Co phim Héng bac dan
S6 lwong (anh) 303 391 402
Ty 1€ chinh xac (%) 95,17 94,21 98,64

3.5. Thao luan

Két qua nhan dién dang su ¢ dong co dién trén
tap dir liéu doc lap Testing_dataset cho ty 1€ chinh
xac dao dong tir 94,21% dén 98,64%, tuy tinh hudng
su ¢b. Tuy nhién, diém han ché ciia nghién ctru nay
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1a chi mai thu thap dir liéu sy ¢6 trén mot dong co
dién, voi mot vai loai hu hong thuong gap. Thoi gian
t6i, nhom nghién ctru sé tiép tuc thu thap dir liéu cua
nhiéu loai dong co dién khac nhau va bé tri ghi am
ngay trong mdi truong cong nghiép. Ngoai ra, dit
liéu ciing s& dugc thu thap vai cac tée do dong co
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khac nhau va khoang cach ghi 4m khac nhau dé d¢anh
gi4 toan dién hon vé giai phap nay. Vi nén tang loc
nhiéu bang wavelet manh m&, nhém nghién ciru tin
tuong rang co thé loc duge cac tap am khac, truge

khi nhan dién. Ngoai ra, kha ndng xay dung mot tng

dung cai dat dugc trén dién thoai di dong thong minh
dé hd trg cac doanh nghiép chan doan som su ¢
dong co dién 1a mot hudng phat trién tiém nang ma
nhom dang hudng dén.

Fault detected: Mat_pha , Accuracy: 100 %
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Hinh 11. Két qua nhén dién sy c6 mat pha

Fault detected: Co_phim , Accuracy: 100 %
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Hinh 12. Két qua nhan dién sy ¢6 co phim cach dién
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Fault detected: Hong_bacdan , Accuracy: 100 %
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Hinh 13. Két qua nhan dién su ¢é héng bac dan

Hinh 14. Clip minh hoa két qua nhan dién sw co
dong co dién

4. KET LUAN VA PE NGHI

Bai bao trinh bay phuong phap chén doan 15i
dong co dién dua trén nguyén tic nhan dién anh phd
tin hi€u am thanh thu dugc trong lic van hanh diung
mang neuron hoc sau va k¥ thuat loc nhiéu, tao anh
phd 2 chidu bang phép bién ddi wavelet. Viéc b tri
thi nghiém dé ghi 4m tiéng On phat ra trong lac dong
co van hanh bang dién thoai di dong da duoc thiét
lap dé ghi am cac tinh hudng su ¢6 thong dung, bao
gom: v& bac dac, mat pha va co phim cach dién. Dit
liéu 4m thanh sau d6 dugc tién xir 1y thong qua viéc
loc nhidu bang phép bién d6i wavelet va chuin héa
bién do tin hidu vé gia tri [-1, 1]. Tap dit liéu sau
khau tién xur ly dugc bién doi thanh tap anh phd tan
s hai chiéu, bang phép bién d6i Morse wavelet. Tap
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anh pho dugc chia 1am 2 phan, tuong tng 80% sb
anh dung dé xdy dung tap huin  luyén
(Training_dataset) va 20% so anh dung dé xay dung
tap kiém tra (Validating_dataset). Ngoai ra, m¢t sb
tap tin 4m thanh gdc doc lap ciing dugc chuan bi dé
kiém tra kha niang nhan dién I3i cua giai thuat
(Testing_dataset). Mang neuron tich chap
GoogLeNet duoc st dung va khao sat hiéu qua huan
luyén thong qua viéc thay doi by tham sé co ban
{miniBatchSize, MaxEpochs}, nham xac dinh hi¢u
qua huan luyén tét nhat. Mang GoogLeNet sau khi
huin luyén véi tham sé {miniBatchSize = 10,
MaxEpochs = 4} duoc kiém tra trén tap dir liéu am
thanh doc lap. Két qua cho thiy mang c6 kha ning
nhan dién 3 sy c6 dong co da thiét lap dat ty 18 chinh
xac 94,21%.

Trong thoi gian toi, nghién ciru s& duoc tiép tuc
phat trién trén tap dir liéu cua nhiéu loai déng co
dién khac nhau va bé tri ghi &m ngay trong moi
truong cong nghiép & tbe d6 dong co va khoang cach
thu am khac nhau. Vi nén tang tién xu Iy tin hiéu
manh mé& bang wavelet, nhom nghién ctru tin tuéng
¢6 thé loc dugc cac tap am khac. Pong thoi, kha
nang xay dung mot ing dung cai dat dugc trén dién
thoai di dong thong minh dé hd trg cac doanh nghiép
chan doan sém su ¢6 dong co dién 1a mot hudng di
tiém ning ma nhom dang hudng dén.
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