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TOM TAT

Chadn 14i 1a mét cong cu hizu ich trong vdn hanh gilp gigm rui ro va chi phi bdo tri hé

thong. Tuy nhién, diz liéu vé hanh vi hoat dong danh nghia va 161 cua hé thong thiong khong

deoc thu thdp va heu triv mét cach day du, gy khé khan cho viéc chan dodn ciing nhuw dé Xuat

cdc phwong phdp xdc dinh 161 tw déng. Nghién citu nay d@é xuat mét gigi phap #ng mang hoc

sdu CNN (Convolutional neural network) dé nhan dang mét sé 16i thong dung trén dong co

cam ung dwa vao am thanh van hanh. Diz ligu am thanh phat ra tir trén dong co cam ung hai

cuc 0,37 kW duwoc thu thdp trong mét sé trieong hop nhue hoat dong binh thwong, mat pha,

léch pha va vé bac dan. Anh phé 2D cia chiing dwroc phan tich bang chuyén déi Wavelet lién

tuc duocC sir dung dé hudn luyén va kiém tra mang hoc su CNN (GoogLeNet) ¢é nhdn dang

cac loi trén. Két qua thuc nghiém cho thdy phwong phap nay phét hién diroc cac 1i trén dong
co' cdm ung Véi dé chinh xdc 1én dén 98,8%.

Tir khoa: Chan 16i; mang no-ron tich chdp; anh phé 2D; wavelet; GooglLeNet.
ABSTRACT

Fault diagnosis is a useful tool that reduces system maintenance risks and costs. However, data
related to the system's nominal and fault operating behavior is often not collected and stored
adequately, it is difficult to identify and suggest automated fault detection methods. This study
proposes a solution to apply deep learning technique on the convolutional neural network (CNN) to
identify some common errors on induction motors based on operation sound. The opreration sound
signal emitted from on a 0.37 kW two-pole induction motor is collected in some cases such as normal
operation, phase loss, phase difference and bearing breakage. Their 2-D scalogram images are
analyzed by continuous Wavelet transformation which is used to train and evaluate the deep learning
CNN (i.e. GoogLeNet) to identify the above faults. Experimental results show that this method can
diagnose induction motor faults with accuracy up to 98.8%.

Keywords: Fault diagnosis; CNN; 2-D scalogram image; wavelet; GoogLeNet.
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Chan doan 1561 dong co dién da duoc thao
luan trong nhiéu nghién cau lién quan [2].
Céc su ¢b trén dong co duoc chia thanh hai
loai chinh bao gom: (i) 18i co hoc xay ra do
mat can bang co hoc, hong 6 truc, léch tryc,
bién dang khe ho khéng khi va (ii)ldi dién
xay ra trén ro-to va stato [3, 4]. Nhiéu
phuong phap di duoc dé xuat dé chan doan
cac 16i trén nhu phan tich rung dong co hoc,
phan tich tin hiéu dién, nhiét d6 va am thanh
phét ra tir dong co lac van hanh.

Trong do, cac phan tich rung dong co
hoc, dién va nhiét da duoc &p dung dé chan
doan 16i cua may dién [5, 6]. Trong cac
phuong phép nay, phan tich rung dong co
hoc va phan tich dong dién la pho bién nhat
do kha niang do luong dé dang, ¢ chinh xac
va do tin cao. Tuy nhién, cac cam bién rung
dong, chiang han nhu cam bién gia téc,
thuong chi duoc lap dat trén cac may c6 gia
thanh cao va d6 chinh xac caa chdng chiu
anh huong 16n bai cac yéu té moi trudng va
chi chan doan dugc cac 18i co hoc. Ky thuat
chan doan dua trén phan tich dong dién cho
hidu qua tét nhat vi chi phi thuc hién thap,
hiéu suat nhan dang cao, tin hiéu nhan dang
it bi anh huong boi cac yéu té moi truong.
Tuy nhién, nhuoc diém chinh cia phuong
phap nay la phai can thiét vao dong co (k¥
thuat xam 14n) va chi chan doan duoc cac 15i
vé dién. Bén canh do6, anh nhiét ciing da
dugc ap dung dé chan doan 15i dong co cam
tmg [7, 8]. Uu diém cua ky thuat nay la
khong xam lan dong co va phat hién dang vi
tri 13i. Tuy nhién, chi phi trién khai cao, can
thoi gian lam nong dong co, may anh nhiét
phai dugc dit mot cach nhat quan va can
phai &p dung céc thuat toan xir ly anh thich
hop.

Chan doan 16i dong co dua trén phan
tich tin hiéu am thanh thu dugc trong qué
trinh van hanh ciing da duoc &p dung [9, 10].
Uu diém 16n nhat ky thuat nay 1a khong xam
lan dong co, chi phi 4p dung khong cao; dac
biét, n6 co thé nhan dang duoc ca hai 15i co
va dién. Nhuoc diém ciia phuong phap nay la
khong thé duoc xac dinh chinh xéc vi tri bi
13i, micro thu am phai duoc lap dat & vi tri
hop 1y dé thu t6t &m thanh tir dong co va it bi

anh huéng boi am thanh tr mdi truong va am
thanh phan hoi. Nhu vay van dé loc nhiéu la
rat quan trong trong phuong phép nay.

Nhitng nim gan dy, mang no-ron nhan
tao da duoc &p dung vao linh vuc bao tri dé
tao ra mot phuong phap chan doan théng
minh. Theo nghién ctu Gong va cong su
[11] bai toan nhan dang théng minh chtr yéu
dua trén su phan loai va nhan dang dac
trung cua cac hu hong; sau do6 s dung
chung dé huan luyén cho mot mang két hop
gitra mang no-ron tich chap va may hoc
véc-to CNN-SVM (Convolutional Neural
Network — Support Vector Machine) dé nhan
dang tu dong cac 18i trén dong co. Két qua
nhan dang da dugc so sanh vdi cac mang
no-ron nhan tao truyén théng nhu mang lan
truyén nguoc BPNN  (Back-Propagation
Artificial Neural Network), may hoc véc-to
SVM va minh chimg dugc su cai thién rat
t6t kha nang nhan dang 13i. Trong nghién
ciru [11] 16i dong co duoc nhan dang chu
yéu dya trén tin hiéu rung dong thu thap tur
dong co. Mac du két qua nhan dang 15i rat
t6t, nhung dé thu thap tot tin hiéu rung dong,
dong co can phai can thigp dé lap dac cam
bién thu thap dir liéu dan dén két qua cua
phuong phap phu nay thuoc rat 16n vao
phuong phap thu thap dir liéu.

Trong nghién cuu nay, nhom tac gia da
dé xuat mot phuong phap chan doan 13i co
va dién cua dong co dua trén phan tich tin
hiéu &m thanh két hop véi mang hoc sau.
Mot tap dir ligu &m thanh phét ra tir dong co
trong lGc van hanh duogc thu thap truc tiép
bang mot dién thoai thdng minh trong bén
truong hop: dong co binh thuong, vd bac
dan (v& 6 bi), bi mit pha va léch pha. Cac
dir liéu nay sau dé duoc loc nhidu bang bién
ddi Wavelet, chuan hoa bién do, cit thanh
cac doan &m thanh ngan c6 cing s6 mau am
thanh va duoc phan tich thanh anh phd tan
s6 hai chiéu (2D — Two dimension) trong
mién thoi gian — tan s dua trén bién doi
Wavelet lién tuc. Tap anh phé duoc sir dung
dé huan luyén va kiém tra mang hoc sau
GoogLeNet [12], sau d6 dugc kiém nghiém
kha niang nhan dang 15i trén céc tap tin am
thanh doc lap.
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2. DU LIEU VA PHUONG PHAP
NHAN DANG

2.1 Dirligu
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Téc @6 ro-to (vong/phat) | RSM | 1450
Cong suat dinh muc (KW) |  Pgm 0.37
Tan s6 dinh muc (Hz) | fam 50

M® hinh thi nghiém thu thap tin hiéu am
thanh cua dong co dwoc bd tri nhu Hinh 1.
Mot dong co khong dong bo 3 pha ¢ céc
thdng s6 nhu trinh bay trong Bang 2 va mot
dién thoai théng minh dit canh dong dé thu
thap am thanh phét ra tir dong co khi van hanh.
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Hinh 1. B6 tri thi nghiém
Bdng 2.Thdng sé dong co duwroc thi nghiém

Théng so Ky | Giatri
hi¢u
Khéi luong (kg) Mm 11
Dién 4p dinh mac (V) | Vam | 220/380
Dong dién dinh muc (A) ldm 1.6/0.8
Dong dién khong tai (A) Ikt 0.9/0.5
' ™\
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Chuan hoa
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Dit liéu am thanh duoc thu lan luot trong
bén trudng hop 1a dong co hoat hoat dong
binh thudng, dong co gip st cd v& bac dan,
mat pha va léch pha. Méi truong hop s& thu
500 doan &m thanh véi thoi lugng trung binh
tir 20 dén 25 gidy. Dit liéu thu thap duoc tom
tat trong Bang 3.

Bdng 3. Két qua thu thap diz liéu

Trwong hop | S6 tap tin | Thoi lweng
Binh thuong 480 20-25 giay
Mat pha 500 20-25 giay
Léch pha 500 20-25 giay
V& bac dan 500 20-25 giay

2.2 Phuwong phap

Tong quan vé phuong phap dé xuat duoc
trinh bay trong so d6 Hinh 2.

Thanh phan chinh ciia phuong phap nay
& mot mang hoc sau tich chap GoogLeNet
[12] dugc st dung dé nhan dang cac dic trung
cta am thanh phét ra tir dong co khi hoat dong
binh thuong va khi gap van dé. Qua trinh xr ly
dir liéu am thanh dugc thyc hién thong qua ba
buéc chinh. Tha nhat, mot dién thoai théng
minh duoc sir dung dé thu thap am thanh tir

Huan luyén mang
hoc sau GoogLeNet

.3
EKiem tra mang

Chuyen doi cac /

doan tin hiéu am

thanh thanh anh
pho 2D /

GoogLeNet

Sa1

Dat yéu cau?

Thir nghiém trén
cac dong co khae

Hinh 2. So dé tong quan vé phwong phdp nghién ciru
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mot dong co khi nd hoat dong binh thuong va
khi xay ra su c6 (mat pha, léch pha va v bac
dan) va luu thanh tirng nhdm tap tin riéng biét.
Sau do, cac tap tin am thanh trong tirng nhém
s& duoc loc nhidu st dung bién ddi Wavellet
[13], chuin hoa bién d6 va cit thanh nhiing
doan déu nhau c6 kich thuéc 65535 mau tin
hiéu. Cudi cing, cac mau doan am thanh sau
khi xir ly trong tirng nhom s& duoc chuyén doi
thanh cac anh phd 2D c6 kich thudc 224x224
pixel [12]. 80% cac anh phé 2D trong mdi
nhém s& duoc sir dung dé huin luyén mang
hoc sau GooglLeNet, moi nhém dir liéu anh 1a
mét nhan huan luyén. 20% dit liéu anh con lai
trong cac nhom s& duoc sir dung dé kiém tra
mang hoc sau sau khi huan luyén. Néu két qua
¢6 do chinh xac dat yéu cau mang s& duoc sir
dung dé kiém tra trén cac dong co khac dé
khang dinh hiéu qua huan luyén. Néu do chinh
xéac chua dat s& quay vé b tri thi nghiém thu
tap dix liéu mai va lap lai qué trinh.

Mang GoogLeNet dd duoc hiéu chinh dé
c6 thé chay dugc trén cac thiét bj co tai
nguyén tinh toan han ché, hay MobiNet [14].
Mot s6 Gng dung nhan dang dua trén mang
nay ciing da dugc phat trién va chung minh
duoc su hiéu qua [15]. Do d6, thanh cong cua
viéc viéc thu thap dix liu st dung dién thoai
thong minh va huan luyén mang GoogLeNet
s& mang mot y nghia thyc tién hét sac quan
trong. Mot tng dung chan doan thong minh
c6 thé phat trién ngay trén cac thiét bi di dong
dé chan doan cac hu hong tryc tiép tir am
thanh thu duoc. Ung dung s& khong bi gisi o
chan doan dong co ma co thé ap dung véi
nhiéu ddi twong ciing nhur tmg dung khéc.

Orginal sound signal

0.1
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o
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Hinh 3. Tap am khi thu tiéng on tir dong co

2.2.1 Loc nhiéu tin hi¢u &m thanh

Tin hiéu 4m thanh thu duoc tir dién thoai
thdng minh ngoai tiéng 6n phét ra tir dong co
thi con nhiéu tap 4m khac nhu minh hoa
trong Hinh 3. Céac tap &m nay cd thé anh
huong dén qua trinh huin luyén mang
GooglLeNet. Do d6, tin hiéu am thanh can
phai dugc loc nhiu bang thuat toan Wallet
[13] dé loai bo tap am trude khi dugc phan
doan tin hiéu va chuyén ddi thanh anh phé
2D lam di liéu huan luyén va kiém tra mang
hoc sau.

~ Gid strtin hiéu &m thanh thu duoc y(t) la
tong hop cua tieng on tir dong co X(t) va tap
am e(t), y(t) s€ duoc biéu dién nhu sau:

y(t) = x(t) +e(ty) 1)

Theo [13] phuong phap khu nhiéu
Wavelet duoc ap dung dé dé khir hay lam
giam anh huong cta tap 4m e(t) dén tin hiéu
am thanh thu dugc y(t) duoc thuc hién qua ba
buéc chinh. Truée tién, tién hanh chon
wavelet co s va cap phan tich dé thuc hién
phén tich wavelet trén y(t) va nhan dugc cac
thanh phan tan s6 cao. Tiép theo, dbi vai cac
hé sb caa thanh phén tan sb cao nhan duoc tur
budc mot sé& duoc tién hanh xac dinh cac
ngudng luong tir hoa. C6 hai phuong phap
chinh dé xac dinh ngudng luong tir ngudng
cing va ngudng mém vai nhiéu tiéu chuan
chon ngudng nhu Stein agonic lifehood,
min-max, logarithmic length consistent
threshold, heuristic agonic likelihood. Trong
nghién ctru nay s€ ap dung tiéu chuan chon
ngudng mém cua Stein. Sau cing, phuc hoi
tin hicu y(t) sau khi loai nhiéu st dung cac h¢
5O cua tin hiéu tan sd thap va cac hé sb cua tin
hiéu tan s cao sau khi da lugng tir hoa, va
tinh toan ti 1é nhiéu trén tin hiéu.

Trong bai bao nay, ham wdenoise trong
Wavelet toolbox ctia Matlab dugc ap dung dé
khtr nhiéu tap 4m cho tin hiéu 4m thanh thu
dugc tur dién thoai thong minh, st dung
phuong phap khir nhiéu Wavelet Block
James-Stein v6i nguong lugng tir hoa 1a 5
[16]. Ngudng nay duoc chon bing phuong
phap thuc nghiém. Hinh 4 minh hoa két qua
4p dung phuong phap khi nhiéu Block
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James-Stein trén mdt doan tin hi¢u thu thap
duoc.

— Original
12 i Denoised

0 0.2 04 0.6 0.8 1
sec
Hinh 4. Minh hoa loc nhiéu bang phép bién
doi Wavelet

2.2.2 Tgo danh phé 2D

Y tuéng chinh cua bai bdo nay huin
luyén mang hoc sau GoogLeNet dé n6 cé thé
nhan dang duoc cac 16i dong co dua trén &m
thanh thu truc tiép tir dién thoai théng minh.
Do dit liéu vao huan luyén mang nay la cac
anh mau RGB c¢6 kich thudc 224x224 pixel
nén timg doan &m thanh (65535 mau tin
hiéu) sau khi loc s€ duoc phén tich cac théng
phan tan s6 theo thoi gian va biéu dién ching
thanh céc anh phé c6 kich thuéc nhu trén,
hay con dugc goi la anh phd 2D trong bai
b4o nay. Céac anh phd nay s& duogc sir dung
lam dir liéu huan luyén dé mang GooglLeNet
c6 thé hoc duoc dic trung tan s6 cua tin hiéu
phat ra tir dong co véi tung treong hop hay
nhan khac nhau.

Do tin hiéu 4m thanh 14 tin hiéu c6 tan s
bién dong nén phép bién doi Wavelet lién tuc
s& duoc chon dé phan tich vi n6 cé thé phan
tich dugc thong tin tin sd theo thoi gian cua
tin hiéu. Bé thuc hién dugc viéc nay mot ham
cura s6 Wavelet Yy, S(t) véi d6 rong trong
mlen thoi gian c6 thé thay d6i dugc boi tham
s6 s va sé dugc dich chuyen timg budce co do
rong thoi gian 13 U trén subt mién thoi gian ciia
tin hiéu can bién d6i dé ldy mau tin hiéu va
phan tich thong tin tin sd bang bién doi
Fourier. Ham v, ;(t) co6 dang tong quat nhu
cong thirc (2).

Yus(®) = 2P(EH )

Trong do, s la ti 1€ co gidn va u la tham sO
tinh tién ctia s6 Wavelet trong mién thoi gian.
Ham Wavelet dugc chon phai xac dinh hiéu
qua cac dac tinh tan sd cua tin hiéu can bién
d6i. Co6 nhiéu loai phan tich Wavelet véi
nhiéu dang cira s6 khac nhau nhu Morse
wavelet, Morlet (Gabor) wavelet va bump
wavelet. Trong bai bao nay, Morse (3,60)
wavelet dugc tich hop trong ham
cwtfilterbank [17] s& dugc tng dung dé tinh
toan cac cira sO va bién d6i Wavelet. Pho bién
do cua bién dd6i Wavelet s& duoc chuyén ddi
thanh anh ph6 2D dé lam dit liéu cho huin
luyén va kiém tra mang GoogLeNet Hinh 5
minh hoa tin hiéu trong minh thoi gian va anh
phé cta né trong mién thoi gian — tan sé.

a) ] Signal
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b)

Magnitude Scalogram — Morse (3,60)

Frequency (Hz)
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Hinh 5. 4Anh phé phan tich bang bién doi
Wavelet: a) tin hiéu trong mién thoi gian, b)
anh phé bién dé phin tich dugc trong mién

thoi gian — tan so

2.2.3 Nhdn dang 16i déng co iing dung mang
GoogLeNet

GoogLeNet la tén cia mang hoc sau tich
chap duya trén kién tric khai dong (Inception
architecture) da dugc Szegedy va cac cong su
si dung dé tham gia cudc thi ImageNet
Large-Scale Visual Recognition vao nam
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2014 [12]. Pay la mang hoc sau tich chap
goém 22 16p cé tham sd, 5 16p pooling khong
tham sb. Cac mo-dun khoi dong sir hai bo loc
chinh c6 kich thudc 3x3 va 5x5 cung véi bo
loc giam chiéu khdng gian 1x1. Kién tric cua
mo-dun khaoi dong dugc minh hoa trong Hinh
6. Dir liéu ngd vao cua mang la céc tap anh
mau RGB ¢6 kich thudc 224x224 pixel. Cac
b6 loc c6 kich thudc khac nhau gilp mang cé
thé hoc dwoc mot khdi luwong rat Ion dic
trung anh giup tang hiéu qua trong viéc nhan
dang cac nhan anh khac nhau.

DepthConcat

Conv
1x1+1(S)

Conv
3x3+1(S)

Conv
5x5+1(S)

Conw
1x1+1(S)

MaxPool
3x3+1(S)

Conv
1x1+1(S)

Conv
1x1+1(S)

MaxPool
3x3+2(S)

Hinh 6. Kién tric mét mo-dun khéi déng cua
mang GoogLeNet

Pé huan luyén mang GoogLeNet nhan
dang duoc cac 16i dong co dang quan tam,
tap anh phé cua dit liéu am thanh sau khi xi
ly s& dugc dan nhan gidng véi tén tap dir liu
(cu thé: truong hop dong co hoat dong binh
thuong ¢6 nhén la Binh_thuong, v& bac dan
c6 nhan 1a Vo_bacdan, mat pha c¢6 nhan la
Mat_pha va léch pha cé nhén Ia Lech_pha)
va sau d6 phan chia ngiu nhién thanh hai
nhom. Nhém 1 duoc sir dung dé huan luyén
mang bao gdm 80% anh phé cua cac truong
hop va nhom 2 duoc sur dung dé kiém tra tinh
hiéu qua ctia mang sau khi da huan luyén bao
goém 20% s6 anh pho con lai. Bai bao nay sir
dung mang GoogLeNet duoc tich hgp trén
Deep Learning Toolbox Model cua Matlab
[18], thong s6 mang duoc ciu hinh nhu Bang
4. Céc tham sb nay c6 thé duoc hiéu chinh dé
tang toc do huan luyén mang.

Bdng 4. Két qud thu thap diz liéu

Tén tham sb Gia tri
MiniBatchSize 10

MaxEpochs 6
InitialLearnRate 10

3.  KET QUA VA THAO LUAN
3.1 Huin luyén mang GooglLeNet

Qua trinh huan luyén mang GoogLeNet
duoc tom tat trong luu dd Hinh 7 gom 3 budéc
chinh. Trudc tién, cac tap dir liéu anh s¢€ dugc
chuan bi cho quéa trinh. Mdi tap dit liéu twong
ung voi mot nhan nhan dang sé duoc luu trix
trong cac thu muc riéng biét véi tén thu muc
dugc xem la nh@n nhan dang. Pay clng
chinh 12 80% sb lwong anh phé 2D cua da
duoc dé cap trong cac phan trugce. Tap anh
nay sé& dugc phan chia mot lan nira dé tach
thanh tap di liéu huan luyén va tap di liéu
kiém tra trong qua trinh huan luyén. Trong
nghién ctu nay, 80% anh pho duoc sir dé
huan luyén va 20% duoc st dung dé kiém tra.
Ti 18 nay c6 thé thay d6i tiy vao truong hop.
Néu cac tap dir lieu anh co kich thuéc khac
224x224 pixel thi ching can duogc thay doi
vé kich thudc nay dé phu hop véi yéu cau
cua mang.

Chuén bi dit liéu huan
luyén

Kich thudc
anh phu hop?

Thay d6i kich thugc
anh ve 224x224 pixel

Céu hinh 16p mang
phéan loai va 16p ngd ra

Céu hinh thong sb va
huan luyén mang

Két thae

Hinh 7. Qua trinh hudn luyén mang
GoogLeNet
Sau d6, mang GoogLeNet mac dinh sé

dugc cau hinh lai cho phi hop véi myc dich
nghién cau. Mac dinh GoogLeNet cd thé
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nhan dang dugc 1000 dbi twong khac nhau.
Tuy nhién, trong bai bao nay chi can nhan
dang 4 dbi tuong twong ung voi 4 tap anh
phd khac nhau. Do d6, 16p tha 142 (16p két
ndi day du hay fully connected layer) véi
1000 nat mang s& duoc thay ddi thanh 4 nit
Mang twong Ng VGi X&c suat nhan dang cua
4 truong hop dang dugc quan tam. Tén cua
I6p mang ngd ra (16p 144) ciing c6 thé duoc
thay d6i cho phu hop véi tng dung.

Sau clng, cac théng s6 cua mang sé
duoc ciu hinh nhu mé ta trong Bang 4 va bit
dau qua trinh huan luyén mang.

Original signal

Wavelet denoised signal/binhthuong
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Hinh 8. Loc nhiéu bang Wavelet

Dé co duoc tap dit liéu anh phd 2D, cac
tin hiéu &m thanh s& duoc loc nhidu bang
bién d6i Wavelet, chuan hoa bién do (dua
bién d6 tin hiéu vé [-1 1]), cat thanh nhiing
doan dir liéu bang nhau va phan tich thanh
anh pho 2D trong mién thoi gian — tan sd.
Céc tin hiéu am thanh thu thap bang dién
thoai théng minh ton tai nhiéu tap 4m nhu
minh hoa trong Hinh 8, dic biét la truong
hop v& bac dan. Thong tin tan sé cua céc tap
am nay s& xuét hién trén anh phd 2D va s&
anh hudéng dén qua trinh nhan dang nén can

phai dugc loc bo. Bén canh do, bién do tin
hiéu ciing khac nhau trong cac truong hop do
cuong d6 &m thanh phét ra khac nhau, dé loai
bo anh hudéng cua bién do tit ca cac tin hiéu
am thanh s& duoc chuan héa vé [-1 1]. Hinh
8 trinh bay két qua loc va chuan héa cua mot
doan tin hiéu am thanh tiéng on phét ra tir
dong co trong cac trudng hop khac nhau. Két
qua cho thiy tin hiéu da duoc loc nhidu rat
tét bang bién ddi Wavelet va sin sang dé
phan tich anh phd.

Hinh 9 minh hoa anh phd bién d6 2D cua
maot doan Am thanh ngau nhién cua 4 truong
hop trén trong mién thoi gian — tan sé. Truc
y la thdng tin vé tan sd, truc x la thoi tin hiéu
va ban d6 mau 1a thong tin bién d6 cua tin
hiéu tai thoi diém cu thé. Cac anh pho nay
chira nhiéu dic trung riéng biét nén s& rat
phl hop cho viéc huan luyén mang dé nhan
dang ching.

a) Scalogram of Binh_thuong

P00 G0N R

Frequency (Hz)
Frequency (Hz)

Time (s)

Time (s)

c) Scalogram of Mat_pha d) Scalogram of Lech_pha
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000 ) ¢
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Frequency (Hz)
Frequency (Hz)
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Hinh 9. 4nh phé 4: a) binh thirong, b) vé
bac dan; c) mat pha; d) léch pha

Bdng 5. Tom tat daz lieu sau khi xaz Iy

Trwdng hop Sé lugng Hu::'m Kiém
anh luyén | tra

Binh thuong 8592 8599 | 8599

Mt pha 6873 6879 | 6879

Léch pha 1719 1720 | 1720

V& bac dan 8592 8599 | 8599

Bang 5 tom tit thdng tin vé tap anh pho
duoc su dung dé huénq luyén mang
GoogLeNet. Céc tap anh pho nay duoc luu
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trit trong cac thu muc khac nhau theo yéu cau
cta qué trinh huan luyén. Kich thude luu trir
cua cac anh pho thdng nhat 1a 224x224 pixel
nén khdng can phai thém budc hiéu chinh
kich thudc anh trong qua trinh huan luyén.

Két qua huan luyén mang GoogLeNet
dugc thé hién trong Hinh 10. Qué trinh huan
luyén duoc thuc hién trong 6 epoch, sau mdi
epoch mang s& duoc kiém tra mot lan. Két
qua tr hinh cho thdy chi sau epoch 1, d6
chinh xé&c huan cia mang da dat trén 90% va
d6 chinh x4c dugc thién dan trong cac epoch
con lai. Cudi cung, sau 6 epoch véi 16488
lan lap da huén luyén dugc mang GoogLeNet
véi do chinh xac 98.8%.

Nhu vay, viéc huan luyén mang dua trén
anh pho tan s 2D cua tin hiéu 4m d t6 ra rat
hiéu qua. Tuy nhién, mang sau khi huén
luyén can duoc kiém tra voi céc tap tin am
thanh khac dé kiém chung dwoc hiéu qua,
tranh truong hop bi over-fitting. Dé thuc viéc
kiém tra mang, 20% dit liéu anh pho caa cac
truong hop s& duoc sur dung diém kiém kha
nang nhan dang cua mang. Pong thoi, viéc
thu thap am thanh tiéng on cua cac dong co
khéc véi cing trigu chimg dé kiém tra ciing
rat can thiét ¢& minh chang tinh hiéu qua cua
phuong phap.

3.2 Kiém tra mang GoogLeNet

Mang GoogLeNet sau khi huan luyén
da duoc kiém tra vai cac tap anh phd tir cac
tap cac tap tin &m thanh doc lap. Két qua
dugc minh hoa trong Hinh 11 va Bang 6.
Mang sau khi huan luyén da nhan dang duoc
tat ca anh pho cua céac truong hop khac nhau.

Bdng 6. Két qud kiém tra kha ndng nhdn
dang loi dong co trén cac tap am thanh

doc lap
S6lan | Solan | Tyle
Truwong hgp | kiém | dwdoan | dat
tra dung (%)
Binh thuong 9 9 100
Mat pha 20 20 100
Léch pha 20 20 100
V& bac dan 20 20 100

3.3 Thao luan

Bai bdo da d& xuit mot phuong phap
chan doan 18i dong co dién théng minh va
hoan toan khéng xam lan. Mang di duoc
huan luyén va kiém tra dat d6 chinh xac cao
trén 98% tuong duong véi két qua cua
phuong phap do Gong va cac cong su di dé
XUat, cling nhu cac phuong phap chan doan

100 Final

80
;\: / epoch
= 7  |eeieens training
§ 60 7 training (smothed)
S /7 - @= +validation
3 40 7 final
<

20

2 Epoch1 Epoch 2 Epoch 3 , Epoch4 Epoch 5 Epoch 6
0 2000 4000 6000 8000 10000 12000 14000 16000
Iteration

Loss
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Iteration
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Hinh 10. Két qua huan luyén
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st dung mang truyén théng. Tuy nhién, uwu
diém cua phuong phap dé xuit trong bai bao
nay la st dung truc tiép am thanh thu dugc tir
dién thoai théng minh ma khoéng can bat ky
mot thao tac xam l4n nao dén dong co. Piéu
nay gidp viéc chan doan 13i hét don gian va
linh hoat. Phuwong phap nay hoan toan co thé
duoc &p dung dé phat trien mot ang dung
chan doan thong minh hoat dong trén nén
tang di dong nhu Android hay i0S.

Tuy nhién, trong nghién citu ndy, nhom
tac gia chi dat dién thoai théng minh tai mot
vi tri, diéu nay khong xac dinh duoc vi tri,
khoang cach ciing nhu goc dat dién thoai ti
wu nhat dé c6 duogc dit liéu am thanh hiéu
qua nhéat. Trong céc nghién ctu tiép theo,

91

nhom s& tién hanh thi nghiém dé thu bo dir
liéu am thanh twong ung véi nhiéu cach bd
tri dién thoai théng minh tir d6 s& khuyén
nghi duoc mot phuong phap tdi wu nhat dé
thu tin hiéu am thanh phuc vu cho chin doan.

Nghién cau nay st dung mang
GoogLeNet vé&i cac thong sé gan nhu mic
dinh nhu trinh bay trong Bang 3. Mac du
mang sau khi huan luyén c6 d6 chinh xac rat
cao, tuy nhién thoi gian huan luyén chua tdi
uu, hon 10 gio. Do d6, viéc khao sat anh
huong cua cac thong s nay dén thoi gian va
d6 chinh xac cta mang la rat can thiét, dac
biét 1a hai thdong sb MiniBatchSize va
MaxEpochs. That vay, tir két qua huan luyén
cho thdy, véi tap dir liéu anh phé thu duoc,

a) Fault detected: Binh_thuong , Accuracy: 100 % b) Fault detected: Vo_bacdan , Accuracy: 100 %
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Hinh 11. Két qud kiém tra mang GoogLeNet: a) binh thirong, b) vé bac dan, ¢) mdt pha va d)
léch pha
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chi sau mot epoch mang da dat dugc do
chinh xac trén 90% va cac epoch tiép theo
chi t8i wu d6 chinh xac. Nhu vay, viéc xac
dinh sb luong epoch it nhit dé mang dat
duge do chinh x4c mong mudn 1a rat can
thiét dé giam thoi gian huan luyén.

Phuong phép dé xuat trong nghién cuu
nay nén duoc kiém chang trén mot sé 15i
khéc cua dong co dién. That vay, mac du két
qua rat kha quan, tuy nhién phuong phap dé
suat chi méi dugc kiém _chung trén 3 16i co
ban cia dong co bao gdm v& bac dan, mat
pha va léch pha. Tur tin hiéu trong mién thoi
gian cling nhu anh phd 2D cho thay su khac
biét gitra cac truong hop nay va khac biét so
véi tin hiéu khi binh thuong la kha ro, nén
két qua nhan voi do chinh xac cao 1a khong
qua bat ngo. Pé khang dinh thém hiéu qua
cua phuong phap, trong tuong lai, nhém tac
gia s& kiém tra mang véi nhiéu 16i khac nita

cia dong co, dic biét 1a cac 16i ma it anh
hudng téi tieng on cia dong co.

4. KET LUAN

Nghién ctu nay di dé xuat duoc mot
phuong phap chan doan 156i dong co thong
minh, khdng xam l4n st dung mang hoc sau
GoogLeNet, dya trén &m thanh thu truc tiép
tr dién thoai thdng minh. Két qua thuc
nghiém da ching minh dugc hi€u qua nhan
dang trén 3 131 co ban cua dong co bao gdom
v& bac dan, mat pha va léch pha véi do chinh
xac chan doan 1én dén 98.8%. Mic du con
nhiéu van dé can cai tién nhu vi tri dit di¢n
thoai thdng minh, thoi gian huan luyén mang,
nhan dang thém da dang 16i,... Tuy nhién két
qua ban dau caa nghién ctu ndy hira hen s&
mé ra nhiéu huéng nghién cau rat hiru ich
trong tuong lai.
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