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TOM TAT

Bai bdo trinh bay két qud nghién ciru mé hinh nhén dang tin hiéu thiyy am sir dung mang no-
ron tich chdp theo cau truc ket noi dw duoc cai tién tir mo hinh ResNet (Residual Network) nham
tang hiéu nang veé toc do xuw ly ma van dam bao dé chinh xdc nhdn dang cao. Khi so sanh voi mé
hinh ResNet ban dau va mot so mé hinh hién co khac, mé hinh dé xudt cho hiéu nang nhdn dang
tot vé ti 1é nhdn dang ding nguon tin hiéu va tang toc do du dodn.
Tir khéa: Mang no-ron nhan tao; M6 hinh ResNet; Phan loai tin hiéu thay am; Séna thu dong.

1. PAT VAN PE

Phan loai tin hiéu thiy am 1a mot trong nhitng nhiém vu dac biét quan trong trong quan sy va
n6 ciing dugc sir dung trong nhiéu linh vuc dan sy. Trong cac hoat dong dan su, ching han nhu
tham do bién, nhiém vu phén loai tin hiéu thuy am giup cac nha khoa hoc theo doi, du bao thuy
van va cac hé sinh thai bién dua vao cac dic tinh 4m cua tung loai sinh vét blen [1]- Ngay nay,
lwu lwong tau thuyén hoat dong trén bién ngay cang nhiéu din dén “6 nhidm tiéng 6n” anh huéng
dén moi truong sinh thai cua sinh vat bién. Viéc thu va phéan tich cac tin hi€u am trd 1€n phirc tap
va phai dién ra trong nhiéu nim mdi dua ra duoc cac giai phap bao vé mdi truong bién. Trong
linh vyc quan sy, viéc ty dong phan loai tin hi¢u thuy am gitip trdc thi nhanh chong phat hién va
nhén dang dugc muc tiéu, nang cao hi€u qua trong tac chién [2].

Gan day, mang no-ron nhén tao 1a mot trong nhitng mo hinh hiru ich img dung céc thuat toan
tri tué nhan tao (AI: Artificial Intelligence) dé phan loai hinh anh hodc xtr 1y ngdén ngir tur
nhién [3]. Hon thé nita, mang no-ron nhan tao ciing da duoc tmg dung nghién ciru dé nhan dang
giong ndi, phan loai loai 4m thanh [4] va dat dugc nhitng két qua ndi bat. Mic du co thé phuc tap
hon so v6i nhén dang gigng ndi, tin hiéu thily am cling la mét trong nhiing dang dir li€u am thanh
c6 cung tinh chéat nén no ciing c6 thé nhan dang dugc khi st dung mang no-ron [2]. Chinh vi
vay, &p dung mang no-ron nhan tao dé phan loai tin hi€u thuy am, tr d6 nhan dang cac nguén
phat xa 4m s& c6 tiém ning dé hd tro tric thu ra quyét dinh nhan dang muc tiéu. Diéu nay d4 thic
déy nhom tac gia xay dyng mdt mo hinh mang no-ron tich chap dya theo ciu trac cua md hinh
ResNet (Residual Network) nhung da cai tién cho bai toan nhan dang tin hiéu thay 4m nham day
nhanh té¢ d6 nhan dang, nang cao d chinh xac, va trg gitp cho tric thu sdna thuc hién nhiém
vu. Cu thé, md hinh dé xuét da duoc loai bo phan 16n cac 16p chuin hoa va thay ddi kich thudc
kénh loc trong céac 16p tich chap nham giam tai tinh toan ctia md hinh, tir d6 ting tbc d6 nhan
dang. Khi so sanh v6i mo hinh ResNet ban dau va mot s6 mé hinh hién c6 khac trén cung mot
tap dur ligu gém 12 loai tin hi€u thuy am [5], mé hinh ResNet cai tién da cho kha nang thyc thi
nhanh hon ma van dam bao do chinh xac nhan dang tin hi¢u thay am.

2. CHUAN BI DU LIEU CHO BAI TOAN

Pé mob hinh mang no-ron nhan tao cé thé thuc hién duoc bai toan nhan dang muc ti€u thuy

am can phai c6 tap dit liéu véi do tin cdy cao. Do dé, dir liéu ShipEAR [5] duoc sir dung trong
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nghién ctru nay dé huin luyén cho mang no-ron dé xuét, ciing nhu cac md hinh hién c6 khac dé
so sanh. Dy 14 tap dir liéu dugc cip quyén boi Dai hoc Vigo, Tay Ban Nha. Tap dit liéu gom 96
tép tin am thanh cua cac loai tau khac nhau v&i day du cac thong tin vé hinh anh, tén tau, kiéu
loai tau, toa do va tinh hudng tau di chuyén. Sau khi nghién ctru khai thac dit liéu, nhom tac gia
da téng hop thanh 11 nhan dai dién TO1 dén T11 cho 11 nhém dang tiéng on chan vit tau va mot
dang tiéng 6n tu nhién. Dé ¢ tinh tong quat trong truong hop khong co bat ky ngudn phat nao
trong moi truong bién thi vin ton tai mot dang tiéng on, goi 1a nhidu ty nhién trong méi trudng
bién. Vi vy, mot tép nhidu dugc gia 1ap dé gop cung 11 tin hidu néu trén tao thanh mét tap dir
liéu cho viéc huan luyén va thir nghiém ddi véi mang no-ron nhén tao.

MBoi t&p am thanh dugc chia nho thanh nhiéu doan tin hiéu v6i d6 dai 4 096 mau, dam bao du
dai @& mé hinh mang no-ron co thé trich chon duoc cac dic trung hiru ich. Céc mau 4m thanh nay
dugc gan nhén tuong tng v6i ky hiéu nhan 1a Noise, T0O1 dén T11. Nhu véy, && dam bao tinh can
béng cho dir liéu, mdi dang 4m thanh s& dugc léy ngau nhién 1 000 doan, mdi doan c6 4 096 mau.
Dé tang thém tinh thir thach cho mang no-ron, nhém tac gia da thém cac mirc d6 nhidu Gauss khac
nhau vao 11 tin hiéu gbc vi cac gia tri ti sé tin/tap (SNR: Signal to Noise Ratio) thay d6i tir -10 dB
dén 20 dB, budc nhay 2 dB vi nhidu Gauss c6 phan b chudn va tinh chét gan véi diéu kién thuyc té.
Nhur vay, tong thé c6 192 000 doan 4m thanh dugc gén nhan tuong tng.

3.MO TA CAU TRUC MANG NO-RON DE XUAT
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Hinh 1. So d6 cdu triic ciia mang no-ron dé xudt.

Dé c6 thé nhan dang dugc cac dang tin hi¢u thuy am, mot mang no-ron nhan tao dugc dé xuét
trong nghién ciru nay. Theo d6, nhom tac gia dd lya chon thiét ké mang no-ron theo mé hinh céu
trac cia mo hinh ResNet [6] nhung ¢ su cai tién nham ting tdc do tinh toan cho mé hinh. Pay
la md hinh dugc ung dung rong rai va c6 hi€u nang tot dbi voi cac bai toan phan loai. Dya vao
cac "khdi du (Residual module)" va "két ndi bo qua (Skip-connection)", ma cac dic tinh dai dién
riéng cho timg dang tin hiéu thily 4m s& dugc ty dong trich chon va cho két qua nhan dang véi do
chinh xé&c cao. Ngoai ra, viéc sir dung mé hinh ResNet cai tién ciing s& han ché duoc hién tuong
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no-ron bi té liét trong qué trinh hun luyén mang ciing nhu giam thiéu hién tugng quéa phu hop
(over-fitting). CAu tric ciia mo hinh mang dé xuét trong nghién ctru nay duoc thé hién trong hinh
1, trong d6 co thé théy, mang gém nhiéu 16p duoc két ndi voi nhau theo dang khdi du va két ndi
bd qua.

Cac 16p duoc sir dung gom c6: 16p dau vao (Input), 16p tich chap (Conv: Convolution), 16p
chuén hoa theo cum (BN: Batch Normalization), 16p ham kich hoat (activation, ReLU: Rectified
Linear Unit), 16p gop trung binh (Averpool: Average pool), 16p két ndi day da (FC: Fully
Connected), 16p Softmax va 16p du ra (Output). Nhu vdy, mang ResNet cai tién co tong cong 53
16p, cac 16p dugc md ta nhu sau:

- L6p dau vao (Input) c6 kich thudc 1a 4 096 phut hop doan tin hiéu c6 d6 dai 4096 mau.

- Cac 16p tich chép (Conv) dong vai tro nhu bg loc va chia kénh, dugc st dung dé ty dong
tang cuong cac dac tinh dai dién cua tung dang tin hiéu, ddng thoi 1am suy yéu nhing déc tinh
gy nhiéu, khong r& nét hoic khong c6 tinh phan biét. Trong mang no-ron nay, co téng cong 20
l6p Conv dugc su dung. Thay vi sir dung cac 16p Conv voi cira s6 bd loc 2 chiéu nhu mo hinh
ResNet goc, mo hinh cai tién st dung cira s6 mot chleu v6i kich thire 1x3 dé phu hop véi cau
trac dir liéu mot chidu cua tin hiéu am thanh trong mién thoi gian. Piéu nay gitp giam kich
thudc ctia mo hinh ResNet cai tién va tang toc do thuc thi cho mé hinh. Céng thire tinh tich chap
moét chiéu duoc mé ta nhu sau [7]:

= i Xik W 1)

k=—p
trong d6, x 1a chudi dir liéu dau vao, w 1a trong s6 cta kénh loc va y 1a chudi dit liéu déu ra.

- Cac 16p chuan hoa theo cum (BN) duoc sir dung nhu mot phuong phap dé chudn héa dir
lidu, tir d6 1am cho mang no-ron dugc huin luyén nhanh hon va 6n dinh hon. Trong mang
ResNet gdc, 16p BN dugc sir dung theo sau mdi 16p Conyv, tuy nhién, viée st dung qua nhiéu 16p
BN s& khién cho mé hinh phai sir dung nhiéu phép toan chuan hoa khi thuc hién qua trinh nhan
dang. Bé khic phuc van dé nay, nhom tac gia da khéo 1éo loai bo cac 16p BN nay va thiét ké lai
16p BN sau 16p Conv diu tién va phia sau 16p ReLU cudi cung. Nhu vy, sb lugng 16p BN duoc
giam di dang ké ma van bao dam téc do va do 6n dinh trong qua trinh huén luyén. Phép toan
chuan hoéa dir liéu theo cum dit liéu dugc mé ta nhu sau [8]:

i )
¢o§+g

trong d6, X, va X lan luot 1a dit lidu dau vao va dau ra cta 16p batchnorm, , va o2 lan luot la

R Xi — Hg (2)

gia tri trung binh va phuong sai cia cum dir li¢u cho mdt luot tinh toan, ¢ 1a héng s6 nham dam
bao tinh 6n dinh cia phép toan khi phuong sai qua nho.

- Cac 16p kich hoat (activation, ReLU) str dung ham kich hoat ReLU dé kich hoat cac dic tinh
dwong va dua vé "0" cac dic tinh am cua dir lidu. C6 thé noéi, mang no-ron s& khong thé huan
luyén néu khong co6 ham kich hoat. C6 17 16p kich hoat ReLU trong mang no-ron. Ham kich
hoat ReLU c6 thé dugc mé ta nhu sau [9]:

X khix>0
f(x) = 3
) {o khix <0 ®)

- Lop g0p trung binh (Averpool) dung dé tinh gia tri trung binh cho m01 16p. N6 thuc hién
viéc 1y mau bang cach chia dit liéu thanh cac ving nho va tinh trung binh mdi ving do.

_- Lop gdp trung binh toan cyc (Globalpool) dung dé tinh gia tri trung binh toan cuc. Viée lay
mau dugc thyce hién bang cach tinh gia tri trung binh cua toan bd di liéu trén moi kénh loc.
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- Lop két n01 day du (FC) thyc hién dudi thang dit liéu thanh mot véc-to, sau d6 nhan v6i mot
ma tran trong s0. Pau ra cua 16p két ndi dy du trong nghién ctru niy bang s lugng tin hiédu thiy
am can phan loai, trc 1a bang 12.

- Lop Softmax dung ham Softmax dé tinh xac sudt cho timg phéan 16p dau ra cta 12 nhan tin
hiéu, tir d6 1am co s¢ dé ra quyét dinh du doan muc tiéu. Ham Softmax dugc mo ta nhu sau [10]:

pD=%— o

trong d6, z 1a dir liéu diu ra cta 16p FC, K = 12 14 s lugng phan 16p dau ra.

- L6p dau ra (Output) duge sir dung dé du doan phan 16p ngudn tin hiéu dua vao gia tri xac
sudt tuong ung. Trong nghién ctru ndy, 16p dau ra sé quyét dinh bang cach chon nhan c6 xdc suat
cao nhat, cu thé nhu sau:

Source predicted = arg maX{p(Z)} (5)
4. PANH GIA HIEU NANG NHAN DANG TiN HIEU THUY AM
CUA MANG NO-RON BE XUAT

Mang no-ron dé xudt duoc huan luyén trén tap dit liéu gdm 192 000 doan 4m thanh c6 d6 dai
4 096 mau voi cac gia tri SNR khac nhau tir -10 dB dén 20 dB. Qué trinh huan luyén trai qua 14
lan (epoch) véi tong thoi gian 1a 8 672 phut (= 6,02 ngay), nhu thé hién trong hinh 2. Sau khi
huan luyén, d6 chinh x4c nhan dang tin hiéu thay am twong ddi on dinh, dap tmg duoc ky vong
cua bai toan. P9 chinh xac phan loai trung binh cho cac muc ti€u va cho tat ca cac gia tri SNR
12 82,76%.

Training Progress (06-Apr-2021 19:43:51) Results

Validation accuracy 8276%
Training finished Output function
Training Time
Start time 06-Apr-2021 19:4351
Elapsed time 672 min 34 sec
Training Cycle

| Epoch: 140120

!
Iteration 65772 of 93960
lterations per epoch: 4698
Maximum iterations 93960
Validation
Frequency 4698 terations
Other Information
Hardware resource Single CPU

Iteration x10 Learning rate schedule:  Piecewise

Learning rate 105

£ Learn more

Accuracy

Training (smoothed)

9
= =@— = Validation

Loss
Iteration “10¢

Training (smoothed)

Hinh 2. Qua trinh hugn luyén.

Tiép theo, mo6 hinh mang no-ron da huén luyén duogc danh gia khi nhan dang tin hi¢u thuy am
v6i cac mitc SNR khéac nhau tir -10 dB dén 20 dB véi cach budc 2 dB. Két qua dénh gia thé hién
trong hinh 3 cho thay do chinh xac nhan dang tang 1én khi ting SNR, c6 nghia 13, tin hiéu cang it
nhiéu thi chat lugng nhan dang cang tdt. Cu thé, tin hiéu nhiéu co chit lugng nhan dang tdt hon
cac tin hiéu con lai v6i d6 chinh xéc trén 99% khi SNR > -10 dB, vi nhiéu c6 dic tinh rat dic thu
nén mang no-ron dé dang nhan biét dic tinh riéng so vdi cac tin hiéu khac. Co thé théy, tat ca cac
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tin hiéu déu dat d6 chinh x4c cao hon 80% khi SNR > -5 dB. D6 chinh xac trung binh dat trén
80% khi SNR > -10 dB.

100
80
< 601
2
s A U —6—Noise v T07
B 407 ,@ / < -T0l -4 -TO8
< 4 / T02 T09
b4 % TO3 % T10
20417 —=—T04 -*-TIl |
Vl? v TO05 —e— Average
i - -T06
0\ . . . ! !
-20 -15 -10 -5 0 5 10
SNR (dB)

Hinh 3. Bé chinh xdc nhdn dang ciia tirng tin hiéu thiyy am khi thay doi SNR.

Hinh 4 thé hién ma trin so sanh khi thuc hién nhan dang tin hiéu thuy am khi SNR = 0 dB.
Két qua cho thiy, m6 hinh mang no-ron ma nhom tac gia dé xuét dat hiéu qua nhan dang t6t voi
mot sd dang tin hi¢u nhu Noise, T04, TO7 va T09 dat 100% ti 1¢ nhan dang dung. Tin hi¢u T02
6 do chinh x4c phan loai thap nhat véi 93,3%. Nhu viy, c6 thé thiy rang, mé hinh mang no-ron
dé xuét co thé dap ung do chinh xac phan loai tt, dat 98,75% khi SNR = 0 dB.

Confusion Matrix

Noise JOIXEA
TO1
TO02
TO03
T04
TOS5

T06

98.8% 0.8%

05% | 1.5% | 0.5% | 0.6% | 0.1%

0.2%

0.1%

True Class

TO7 100.0%
TO8 0.6%
T09
T10 0.1% 0.3%
T11 0.1% 0.2%
Noise TO1 T02 TO03 T04 TO5 TO06 TO07 TO08 TO09 TI10 TI1

Predicted Class
Hinh 4. Ma trdn so séanh nhgn dgng tin hi¢u thuy am khi SNR = 0 dB
ciia mang no-ron nhan tgo dé xuat.

Tiép theo, mo hinh dé xudt dugc so sanh v6i mot s6 md hinh hién c6 khic nham dénh gia
nhitng 191 th¢ ma nd mang lai. Theo d6, cic m6 hinh gom AlexNet [11], CNN-ELM [12]
ResNet18 [6], SqueezeNet [13] va CNN-LSTM [14] dugc lya chon de so sanh voi md hinh dé
xudt. Cac thong s so sanh gdm d6 chinh nhan dang, s6 lwong trong s6 va thoi gian thyc thi. Két
qpa so sanh do ghml} xac nhan dang phu thudc vao SNR duoc thé hién trong hmh 5; ¢6 thé thay
rang, m6 hinh dé xuét va ResNet18 c6 do chinh xac nhén dang tin hi€u thiy &m gan tuong duong
nhau (mo hinh d€ xuat tot hon mét chat so voi ResNet18) va ca hai cho d9 chinh xac cao hon cac
mo hinh cér} 1ai.’ Dél dat duoc do c,hl'nl} Xac nhu vay la do mé hinh dé xuat va ResNetl8 da sur
dung cac kiéu k&t noi bd qua va két noi du dé thyc hién két hop gitta dac tinh hién tai voi déc
tinh cua 16p truéc d6 nham tranh viée bo sét cac dac tinh hitu ich c6 tinh phan biét gitra cac
tin hiéu.
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Hinh 5. So sanh dé chinh xdac phdn loai ciia cdac mé hinh
cho cung bai toan nhdn dang tin hiéu thiy dm.

Két qua so sanh s6 lugng trong sé ctia cic mo hinh, thoi gian thyc thi va d¢ chinh xac trung
binh duge bio cdo trong bang 1. Co thé thay rang, md hinh cang it trong s6 thi kha ning thuc thi
cang nhanh, do ching thyc hién it cdc phép todn trong qué trinh thyc hién nhan dang tin hi¢u.
Tuy nhién, mic dit md hinh CNN-LSTM c6 s6 lugng trong s it nhung thoi gian thyc thi lai
cham nhét (khoang 15 ms), diéu nay la do cAu trac LSTM thyc hién cac phép toan tuan ty nén
kéo dai thoi gian tinh toan. Nho ¢ thiét ké véi it trong sd nhat (137,2 nghin) nén mé hinh dé
xuét d3 dat dugc thoi gian thyc thi ngén nhat (3.5 + 0,21 ms), va dya vao su Kkét hop so dd dac
trung gitra cac 16p trudc va 16p sau ma mo hinh dé xuat da duy tri d6 chinh xac phan loai twong
duong ResNet18 va cai thién dugc do chinh xac trung binh cao hon cac md hinh dugc xem xét
khac tir khoang 3% (so voi SqueezeNet) dén 10% (so véi CNN-ELM). Cac md hinh AlexNet,
CNN-ELM va ResNet18 c6 s6 lugng trong s6 16n hon nén thoi gian xtr Iy bi cham hon.

Bing 1. So sanh s6 leong trong s6, thoi gian thye thi ciia cdc mé hinh.

M®d hinh S6 lwgng trong sb Thoi gian thuc thi b9 chinh xic trung binh
(ms) cho tat ca SNR

AlexNet 153,3 tri€u 53+0,17 78,1%
CNN-ELM 41,2 triéu 4,7+0,28 73,1%

ResNet18 11,1 tri€u 4.39+£0,22 82,2%
SqueezeNet 727,5 nghin 3,6 £0,25 80,0%
CNN-LSTM 161,0 nghin 15+£0,24 79,5%

Dé xuit 137,2 nghin 35+0,21 83,0%

5. KET LUAN

Nhu vay, bai bao da giai quyét bai toan nhan dang tin hiéu thity 4m dya vao mang no-ron
ResNet cai tién. Mo hinh ma nhém tac gia dé xuét da lugc bo cac 16p chuan hoa trong cac khdi
két nbi bo qua va ket néi du nham tang téc d6 thuc thi trong qua trinh nhan dang tin hiéu thiy
am. M6 hinh d& xuat di dwoc huan luyén va kiém tra voi cac muc nhiéu khic nhau. Két qua
kiém tra thé hién nhidu cang thap thi chat lwgng nhan dang cang tt, va dat d6 chinh xac trung
binh cao hon 98,75% khi SNR > 0 dB. Khi so sanh v6i mé hinh goc RestNet18, mo hinh dé xuét
cho d6 chinh xac twong dwong nhung thoi gian thyc thi nhanh hon va s lugng trong s it hon.
Khi so sanh véi mot s6 mo hinh hién c6 khac, mo hinh dé xuit da dat dugc hiéu nang cao hon ca
vé d6 chinh xac nhan dang, kich thudc moé hinh va thoi gian thyec thi.
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ABSTRACT

Improving the performance of underwater acoustic signal recognition
using modified residual convolutional neural network

This paper presents the research results of an underwater acoustic signal recognition
model using a convolutional neural network based on the residual structure, which is
modified from the ResNet model to increase the performance in terms of processing
speed while ensuring high recognition accuracy. Compared with the original ResNet
model and some other existing models, the modified ResNet model provided a good
recognition performance in terms of correct signal source recognition rate and
increased prediction speed.

Keywords: Artificial neural network; ResNet model; Underwater acoustic signal classification; Passive sonar.
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