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TOM TAT

Trong linh vuc dm hoc dai dwong, cac phwong phdp xu Iy tin hiéu dudi nudc truyén thong va
hién dai deu dang dat dugc cdc két qua tich cye. Poi véi cdc bdi todn sonar phuc vu nhiém vu
quoc phong an ninh, nhu cau phan loai kip thoi, chinh xdc cdc dang tau chan vit la mét yéu cau
quan trong hang dau. Nghién ciru nay trinh bay mét mé hinh xir Iy tin hiéu dwdi nwée nham muc
dich phat hién va phdn logi tau chdan vit thong qua cdch cai tién ky thudt LOFAR (Low
Frequency Analysis and Recording) bang néi suy khoi noz truc (Cublc Spllnes Interpolation -
CSI), két hop v6i mé hinh xdc sudt phan phéi trong mién khéng gian dan. Két qua ciia mé hinh
dwoc thir nghiém trén cdc tdp dir liéu thuc, da cho thay do chinh xac phan logi 16t hon 10%, dat
hiéu sudt khodang 90% so véi cdc mé hinh trude do. Gidi phdp nay ciing da chimg minh dwoc md
hinh két hop truyén thong va hién dai c¢é kha nang phdn loai tot véi cdc tin hiéu thiee té ngay ca
khi luong dir liéu thiéu hut va ty I¢ tin trén tap thcfp.

Tir khoa: Tin hiéu thiy am; Néi suy khdi ndi truc; Phan phdi xac suét; Khong gian an.
1. MO DAU

Hé thong sonar (Sound navigation and ranging) sir dung céc 1y thuyét vé séng 4m trong moi
truong nude dé truyén tin, phat hién, dinh vi va theo ddi muyc tiéu [1, 2]. P& phuc vu bai toan
phan loai ddi tuong ngu(”)n am dudi nudc, hai loai phan tich dién hinh duoc thuc hién dé trich
xuit cac dic trung cua tin hiéu 1a: phuong phap tich séng duong bao DEMON (Detection
Envelope Modulation On Noise) [2], va Phuong phap phan tich tan sé LOFAR (Low Frequency
Analysis and Recording) [3]. LOFAR la mét k¥ thudt phan tich bang rong, cho ta cac thdng tin
udc lugng vé do rung cua dong co ddy, cling nhu cac tan sé dao dong sinh ra tir cac may moc co
khi trén tau, tir d6 tim ra dic trung cua dbi twong [4]. Gan day cung véi su phat trién cua linh vuc
tri tué nhan tao, vao nam 2019, cac nha khoa hoc da ching minh dugc viéc st dung moé hinh
mang No-ron (Neural Network-NN) c6 thé tiép tuc cai thién két qua phan loai cta cac mo hinh
dudi nude [5]. V6i dac trung ciia moi trudng thuy 4m, cac tin hiéu tir cac nguén sinh hoc (nhu
cac dong vat bién.. .) hodc phi sinh hoc (tau thuyén, gio, sét, rung dong dia chan,...) c6 thé thay
d6i tiy thudc vao didu kién mdi truong hoat dong, thoi gian,...; diéu nay anh huong dén sy on
dinh vi¢c xur 1y tin hi€u theo cac nguyén ly sonar. Do do, nhung thay ddi trong sb liéu thong ké
cta cac tin hi€u sonar phéi luén dugc theo doi trong thoi gian thuc. Cac phuong phap phan loai
str dung hoc may (Machine Learning-ML) n6i chung va hoc sdu (Neural Network-NN) ndi riéng
¢6 kha nang thyuc hién ty dong cac nhiém vu do vdi chét luong Kkét qua tuong ddi cao. Do do, xu
hudng két hop giira cac ky thuat xir 1y tin hiéu truyén théng va mé hinh tri tué nhén tao 1a mot
cach tiép can htra hen nhiéu nghién ciru va dot pha trong twong lai. Nhin chung, tin hiéu sonar
duoc dua vao cac thuat toan tién xur 1y dé trich xudt dic trung, giam kich thudc va ting cuong
kha ning biéu dién cua dit liéu. Dir liéu d3 xtr 1y nay s& 12 ddu vao cia mot mang hoc sau (Deep
Learning-DL) [5, 6]. Cac nghién ciru sir dung mo hinh mang No-ron xac sut (Probabilistic
Neural Network-PNN) [7], Luong tir héa vecto (Learning Vector Quantization-LVQ) [8], hodc
cac dang mang hoc séu co ban (Multilayer Perceptron-MLP) [9], dén phurc tap (Deep Neural
Network-DNN) [10] ciing budc dau cho cac két qua tich cuc. Trong nhitng nam gan day, viéc st
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dung Mang No-ron tich chip (Convolutional Neural Network-CNN) ciing dé thu dugc nhimng két
qua déng ké trong cac mo hinh phén loai tin hi¢u dudi nuéc [6, 10]. Tuy nhién, van chua c6
nhiéu cac két qua cong bd vé giai doan tién xir 1y dit liéu thity 4m dé nang cao chét luong dit lidu
trudc khi sit dung lam dau vao cho mé hinh tri tué nhan tao. Dua trén cac phan tich trén, cac
phan tiép theo cua bai bdo dwgc trinh bay nhu sau: Phan 2 trinh bay cai tién LOFAR bang ndi
suy khéi ndi truc dé xay dung bo dit liéu ddu vao cho mé hinh dé xuét; Phan 3 trinh bay giai
phép cai tién moé hinh phan phdi xac suét, sau d6 két hop hai giai phap dé xuat va cac két qua
phan loai trén tap dit liéu thuc; Va cudi cung 1a két luan chung.

2. TIEN XU LY DU LIEU BANG NOI SUY KHOI NOI TRUC
2.1. K§ thuat LOFAR
2.1.1. LOFAR truyén thong
Gia sir mot mang c6 N phan tir, chudi tin hiéu dau vao 1a x,(k) véi i=1,2,..M . Tin hi¢u
dugc dinh huéng theo hudéng m duge biéu thi bang x, (k,m) véi m=1,2,..M . Trong d6, M la

, N . 3600
sO lugng chum tia va 6, 1a goc cua cac chum tia lien k& dugc tinh bang cong thic 6, =——.
Tin hiéu chum tia thir m la:

N
Y (K) =% (k,m) 1)
i=1
Tin hiéu tai dau thu 14 tin hiéu song co, do d6 c6 dang:
y(t) = Acos(2x f,t + @) +n(t) 2

2

Trong d6, n(t) 1a nhidu, ¢ 13 pha ngdu nhién, A 1a bién do, ti s6 tin trén tap SNR 1a 5

Do d6, d6i twong chinh can phan tich ciia LOFAR sg la tin hiéu dau vao y, (k). Gid tri d4u ra ciia
chim tia la D, = E[y, (k)] Nhin chung, D, thay di cham va chira thong tin vé goc tdi ciia tin
hiéu can tim va dit liéu Y., (K) cho ta cac thong tin vé tin hiéu muc tiéu, nhidu, su giao thoa.

Tinhituthe | Biéndéiap —» 501 Ll pignasiprr |» ~ Fhodaura
thong thap (Lofargram)

Hinh 1. So do khéi ciia ky thudt LOFAR truyén thong [3].

Vi LOFAR la phép phan tich trén mlen tan sd, do do, ky thuat blen d6i Fourier nhanh (Fast
Fourier transform-FFT) s& dong vai tro rit quan trong. Két qua cudi cing cua phép phan tich
LOFAR gitp ta phat hién ra cac tin sd song don dudi dang song sin. Do d6, tham s6 quan trong
nhét cta tin hiéu nay la bién 4o va tan sb.

2.1.2. Han ché ciia LOFAR truyén thong va cdach khdc phuc

Trong thuc té, cac tin hiéu thity 4m 1a cAc tin hiéu bién dbi lién tuc va phirc tap, cic tin s dic
trung Xuét hién trong méi truong khong phai lu6n la cac tin hi¢u tuan hoan. Do d6, sir dung bién
dbi Fourier nhanh s€ gap phai han ché vé @6 phan giai trong mién thoi gian. FFT cho ching ta blet
chinh xac tan s6 nao xuét hién trong mot tin hiéu, nhung khong biét thoi diém nao ma cac tan sb
nay da xudt hién trong tap dit liéu. Do d6, ta khong thé biét tan sb phat hién dugc xay ra trong thoi
gian nao cua dir liéu va ciing khong thé phan biét cu thé vay tin hiéu do liéu co thudc vé ngudn am
can tim hay khong. Dé khic phuc van d& nay, ta c6 thé thay thé bién doi FFT bang bién ddi Fourier
thoi gian ngan (Short time Fourier transform-STFT). Phép bién d6i STFT thém chiéu thoi gian vao
cac tham s cia ham co s¢ bang cach nhan ham mii phirc v6 han véi mét cira so.
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b, t,)(t) = a(t—t, ) exp(i wt) 3)

Két qua cua phép bién doi nay ciing c6 thé dugc coi 1a mot bo loc thong dai co bién doi
fourier voi ctra sO @(t) 1a dap Gng tan so dugc dich theo tan so trung tdim @. Do do, tat ca cac
b6 loc ¢6 cung bang théng. Ta c6 cong thirc tong quat cho STFT nhu sau:

S{s(hHwit,) = T w(r)*exp(—iw7)s(r)dz (4)

Tir d6, ta c6 thé xac dinh thoi diém nao thi tan s6 nao xuat hién, tir d6 cai thién dugc do phan
giai theo chiéu thoi gian cua tin hidu. M6 hinh dé xuat ciia bai bao, dau tién s dung cach tiép
can giéng nhu trong [11] di dé xuat. Bang cach ha tdn xuéng & 1an dé tranh xung ring cua, loai
bo céc tan s6 khong mong mudn, két qua luc d6 sé thu duoc tin s6 f, /& . Sau d6, nhan tan s
nay voi clira ) Hanning dé tao ra cac phéan doan tin hi€u; trudc khi cac phan doan tin hi€u duoc
bién dbi sang mién tan s bang STFT. Tai ddy, ta sir dung cach xép chong cac phan doan dit liéu
voi ty 1€ 60% dé tang tinh li€n tuc cua cac mau tin hiéu, lam tang do chinh xac cia LOFAR.

Tom lai, bang viéc thay thé bién d6i FFT thanh STFT, cach tiép can méi sé bién dau ra cua
phan tich LOFAR cii thanh LOFARgram voi truc x 1a tan sb va truc y 13 thoi gian. Tuy nhién, do
diéu kién céac bo dir liéu vé tin hiéu thuy am la rat khan hiém va kho tiép can, cac tin hiéu sinh ra
trong qua trinh di chuyén ctia tau ciing thay d6i phirc tap, co su chong lan vé cac dai tan, do do,
ta can chuin hoa ditr liéu sau khi bién d6i STFT dé tang thong tin c6 ich trén cac anh phd
Lofargram.

2.2. Giai phap sir dung ndi suy khdi ndi truc

Trong thuc té, khi xay dung mot bo dir li€u, qua trinh thu va luu trt tin hi€u thuy am cua cac
dbi twong ngudn am doi hoi rat nhiéu tham sé vé diéu kién moi trudng, thoi diém trién khai hé
thong, d6 6n dinh cta cac ciu trac phan cimg. Do d6, tinh én dinh cua mot bo dir lidu co thé
khong chic chan. Bén canh do, khi xtr Iy cac ban thu dir lidu tho, bang cac phuong phap xu 1y tin
hiéu sb st dung cac tham sé nhu do dai cura sO truot, cac hé s6 bo loc v.v. s& dan dén cac két qua
sai 1&ch khi phan loai do su khac nhau v& d6 phén giai cua timg phép toan véi nhau. Do do, ta co
thé ap dung thuat toan ndi suy dé nang cao chét lugng clia cac anh phd sau khi bién doi tir cac dir
li¢u thuy am tho, trudc khi dua vao mo hinh phan loai.

Hau hét cac tin hiéu thuy am déu co cac dic tinh chung ciia cac chudi thoi gian 1a khi sb
luong va cuong do tan s ting 1én thi ty 18 SNR sé& giam di, do d6, luong thong tin hiru ich dung
dé phan loai dbi twong ma ta c6 thé boc tach duoc tir dir liéu thd ban dau giam xubng. Vén dé
cang kho khin hon ddi véi cac bo dir liéu thiy am khong cong khai cach do dac, khong mé ta
qua trinh thu tin hiéu thd, do d6, dé giam nhidu, cic nghién ctru vé thuy am co thé str dung mot
s6 b9 loc thong ké 1a bo loc trung binh dong [12, 13]. Tuy nhién, cach tiép can nay s¢ lam thay
dbi cau trac twong quan cua dit liéu tham chi c¢6 the lam mat mot s6 diém dit liéu ¢ dau hodc cudi
chudi dix liéu cta tin hiéu thd. Dé tranh sy bat on khi khai trién bac da thirc cta ndi suy da thuc
béc cao va cac han ché vé mé hinh thong ké, ta c6 thé sir dung ndi suy khdi nbi truc [14, 15]. Dir
lidu da tién xir Iy dugc biu dién dudi dang anh phé LOFARgram dugc dwa qua mot bd ndi suy
khdi ndi tryc dé wéc tinh cac gia tri pixel trung gian giita cac gia tri da biét dé nang cao chat
luong thong tin chira dic trung ctia anh phd. Tir cong thirc (4) tong quat cho khai trién STFT, ta
¢6 phuong trinh STFT ciia mot tin hiéu x(n) vai cira s6 truot w(n) duge cho bai cong thirc:

+o0

STFT{X[n]}= X(p,w) = J x[p]w[p— n]e *? )

p=—o

Cac bién doi ndi suy tuyen tinh ndi truc (Linear Interpolation splines) va ndi suy khoi noi truc
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(Cubic Interpolation splines) cho cic diém nam giita hai diém bién (I,,V, ) va lan lugt duoc cho
badi cong thire (6) va (7):
I

I (M) =1 +Vij Vi(V Vi) (6)
V) =1 +a, (V-V,)+b (V-V,)* +c, (V-V, ) (7)

'Khi d6, 4p dung cong thue (5) vao cong thire (6) va (7), ta c6 gid tri cac diém lan can giira 2
diém p va p, dugc cho boi cong thire (8) va (9):

w=w, + =1 o) (8)
Ny =N,
W=W, +a|<(p_ pi)+bK (p_ pi)2+CK(p_ pi)3 (9)

Véi i=12,...c—1, clasd diém theo hé s6 cho trude. a,,b,,c, 1a cic hé s6 ndi suy ndi truc.

Ttr cong thire (8) va (9), ta c6 thé thdy giai phap noi suy khéi ndi truc da khéc phuc dugc cac
han ché vé mat toan hoc cua cac giai phap noi suy don diém (simple interploation traditional),
noi suy tuyén tinh (linear interpolation) d6 1a do, cac mé hinh bac 3 ctia noi suy khéi ndi truc da
tao ra cac ham bac ba c6 dao ham bac nhit & cac diém ndi dir lidu b'fmg nhau, tao ra su lién tuc va
tinh ké thira cta cac diém dit liéu duoc ndi suy gitta cac diém dit liéu da co.

Trong khi d6, voi giai phap ndi suy don diém, cac gia tri dugc ndi suy ¢ cac thoi diém ngay
truée khi thong ké s& tré nén gian doan va khong lién tuc; voi ndi suy tuyén tinh, tuy da khic
phuc dugc sy gian doan nhung tai cac diém noi suy, dao ham béac nhét lai khong lién tuc. RO
rang, vdi cac tin hi¢u c6 do thay dbi phuec tap vé mat tan sd nhu tin hiéu thuy am, viéc st dung
céc phuong phap théng ké bac cao nhu ndi suy ndi truc 1a mot hudng nghién ctru kha thi co thé
st dung twong dwong mot bd loc tin hiéu sé dé ning cao kha nang trich xuat dic trung cua giai
doan tién xur 1y.
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Hinh 2. LOFARgram cua Target-1 va Target-3.
Thuat toan ndi suy khdi ndi truc cho k¥ thuat LOFAR s€ duoc trién khai nhu sau:
Piu vao: Tin hiéu x, ham w, va bd hé sb 6 =[91,¢9 v6nl

PAu ra: Mot tensor Z véi | chiéu
1 Khoi tao gia tri nho nhat ciia w,va n,
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2 Néu i = 1t6i k thi thuc hién
3 Tinh toan gia tri Spectrogram S, = STFT (X,w, &) (Cong thirc 4)

4 Giéi han bién gia tri claw,Vva n, luon la nho nhat
5  Néu Aw, <w, thi

6 W,= Aw,

7 Ketthic

8 Néu An, <n, thi

9 n,= An,

10 Keét thac

11 Két thue

12 Néu i = 1 téi k thi thuc hién

13 Noi suy tung Spectrogram CS; = INTERPOLATE(S,,w,,n,) (Cong thuc 8)
14 Két thue

15 Xép chong cac anh phd da noi suy Z=[CS,, CS,,...CS,]

Céc dir liéu chuan dung trong bai bao dugc lay tir tap dir liéu thu thuc té trong qua trinh hoat
dong trong moi truong bién Viét Nam cua bon 16p tau dong co Diesel, dir liéu cua bon 16p tau
nay gﬁng duogc thu trong ’céc dieéu kién 6n dinh khac nhau vé moi trug‘mg,r thoi gian, toc do di
chuyén. Tu dir lidu thyc t€ sau khi sir dung ky thuat LOFAR, cac dai tan so dac trung tap trung
chu yéu trong khoang 25 Hz va 75 Hz.

Do d6, khai trién phwong trinh (9) dé dua ra cac hé s6 ndi suy khdi ndi truc s dung trong
nghién ctru nay, dugc cho boi cong thue (10) va (11):

w=x*-2x?+1  néul0<x<25 (10)
w=3x*+5x?-8, néu 25<x<75 (11)

Két qua ciia md hinh LOFAR va LOFAR ni suy dugc biéu dién trong hinh 2 va hinh 3. Céc
anh pho sau khi di qua phep noi suy sé€ dugc dua vao mot bo phan loai st dung phuong phap
phan phoi xac suat d€ dua ra két qua va danh gia do chinh xac ctia mé hinh d¢ xuat tai phan 3.

Ndi suy Lofargram Bin ghi-1 cia Target-1
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Hinh 3. LOFARgram sau khi ngi suy cua Target-1 va Target-3.
3. PHAN LOAI TiN HIEU BANG PHAN PHOI XAC SUAT TRONG KHONG GIAN AN

Cac mo hinh NN truyén théng ludn doi hoi Iuwgng 16n di licu dé huén luyén mo6 hinh, ma

Tap chi Nghién cieu KH&CN qudn sw, Sé 80, 6 - 2022 43



K7 thugt diéu khién & Dién tiv

trong thuc t&, c6 nhidu van dé ma viéc thu thap du dit liéu 12 mot trd ngai 16n, vi du nhu xiy
dung bo dit liéu thily am, do d6, Siamese Network (SN) 1a mot giai phap dé khac phuc tinh trang
thiéu hut dir liéu d6. Kha ning hoc cac dic trung tir lugng dit liéu nhé da 1am cho SN tré nén phd
bién hon trong nhitng nim gin day.

3.1. Siamese Network (SN) va Variational Auto-Encoder (VAE)

SN [16] 12 mot kién trac mang No-ron chira hai hoac nhiéu mang con ¢ clng cdu hinh, cung
thong s6 va cac ham trong so. Viéc cap nhat cac thong s6 duoc thuc hién dong thoi trén tat ca cac
mang con cua SN. SN duoc sir dung dé tim su gidng nhau cia cac dir liéu dau vao bang cach so
sanh cac vecto ddc trung ctia ching. Véi cac NN truyén thong, khi xuat hién thém cac dbi tuong
moi, ta thuong phai huén luyén lai trén toan bd tap dir liu (bao gém ca dit li€u méi va cii).
Ngoai ra, cac mang No-ron sau can mot khéi luong 16n di liéu dé c6 thé huan luyén chiing. SN,
theo mot cach khéc, hoc cach tim ra sy gidng nhau giira cac dit liéu dau vao. Vi vay, né cho phép
chung ta phan loai cac lop dit liéu méi ma khong can huin luyén lai mang No-ron.

— | N
No-ron Jv

| Gidng va khac nhau |
— | nora !
No-ron

Hinh 4. M6 hinh y twong cia mang Siamese.

VAE la mt dang autoencoder dua trén xac suét, trong do, cac dAu ra xuét hién dudi dang cac
phan phdi xac suat. Cac mo hinh AutoEncoder théng thudng c6 xu hudng tap trung 1am giam toi
da c6 thé ham mat mat (ham mat mat), do d6, vdi cac tin hiéu phirc tap s& dan dén mot khong
gian 4n c6 sy bat thuong. VAE ¢ thé khéc phuc dugc diéu d6 bang cach thay vi encode dﬁu vao
nhu mot diém duy nhat, VAE s& encode dau vao dudi dang phén phéi trong khong gian an va
chuin héa ma tran hiép phuong sai va trung binh ctia phan phdi.

3.2. M6 hinh d@é xuit két hop SNN-VAE

B |
! 5 Cirasd STET Chuin | I
| fs/ Hanning héa I
I I

Tin higu Két qua
dau vao Phan loai

Lép p
VGG cét néi VAE Ldp
X chuan hoa

toan cue

| |
! !
[ !
[ o !
: Op "

Y Ham |
I VGG ; !
i két ot chuan héa mat mat |
i !
i !
| |
| |

todn cuc

Lép R
VGG k?t noi chuan hoa

toan cuc

Hinh 5. M6 hinh phén logi tin hiéu thiy dm dé xudt.
M hinh dé xuit duge mé ta trong hinh 5, véi viéc sir dung cAu truc mang triple mat mat, ta
c6 gia tri ham mat mat cua mo hinh SNN-VAE dugc tinh boi mot ham la tong gia tri suy hao cua
mang SN va md hinh phén phoi xac suat trong khong gian an.
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I-SNN—VAE = L(A! PvN) + Lreconstruct
Véi L(A,P,N) la ham suy hao cua mang SN, L,
thong tin khi decode, va BKL(z,N(0,1,)) 1a ham mat mat khi tai 1ap tinh lién tyc ciia dir liéu.

+ BKL(z,N(O,1,)), (12)

12 ham mét mat khi tai cdu trac luong

Tur m6 hinh mang No-ron tich chdp VGG st dung trong hinh 5, m6 hinh s€ dua ra 2 véc to da
dugc encoding 12 X, va X, chtra cic thong tin biéu dién ctia 1an lugt anh phd thir 1 va dnh pho
thir 2; x, va X, co cung s6 chidu. Ham f(X) co tac dung twong ty nhu mot phép bién dbi qua
16p két ndi toan cuc trong mang NN dé tao tinh phi tuyén va giam chiéu dit liéu vé cac kich
thudc nhd.

Khi x, va x,la cing mot d6i twong hodc khong cung 1a mot dbi tuong thi gid tri cla
|| f(x)—f (X2)||2 s& twong tmg 1a mot gia tri nho hodc 16n. M6 hinh sir dung ham méat mat 1a ham
triple loss c¢6 kha ning hoc su gidng nhau giita hai anh phd cting nhém va phan biét cac anh phd
khong cung nhom. Muc ti€u ciia ham mat mat 1a toi thiéu hoa khoang cach giita hai anh khi
ching khéc nhau (negative) va to61 da hoa khodng cach khi chung la giong nhau (positive). Nhu
vay, ching ta can lya chon cac bg 3 anh dugc goi 1a anh Anchor, anh Positive va anh Negative,
sao cho:

- Anh Anchor va Positive khac nhau nhat: can lua chon dé khoang cach d(A,P) 16n. Ta lya

chon nhiing anh pho cua cung mot dbi twong nhung dugc ghi tai cac thoi diém khac nhau dé
tao thanh cap, cach sap xép nay s& 1am mo hinh hoc tot hon.

- Anh Anchor va Negative gidng nhau nhét: can Iya chon dé khoang d(A,N) nho. Didu nay
twong tu nhu viée thudt toan phén bi¢t duge dnh phd cua 2 (§I6i tuong tau hai quan du c6 cung
dai tan hoat dong nhung khac nhau vé cuong do va phan phoi.

Muc dich cubi ciing 1a dat duoc gia tri d(A,P) <d(A, N), tic 14 ta co:
2 2
|| f(A)-f (P)|| —|| f(A)-f (N)|| <0, (13)
Dé tranh cho mang SNN-VAE s& mi hoa tit ca cac dau ra déu bang nhau dan dén ham f dau
ra luon 1a 0, ta thém vao 1 gié tri bién o dé ham f ¢6 dau ra nho hon 0 mot gia tri du nho.
2 2
|| f(A)-f (P)|| —|| f(A)-f (N)|| +a <0, (14)

Ta c6 ham mat mat cho dau ra ciia mang SNN s§ la:
L(APN) = > max(|f (A) - F R =[[f (A) - F(N)[| +,0), (15)
i=0

véin la so bd 3 anh dugc dua vao d€ huan luyén mo hinh.
d(z)

Igl*|z—#+005|—>a -

Hinh 6. M6 hinh phdn phéi xdc sudt trong khéng gian an (VAE).

Hinh 6 miéu ta mot qua trinh khi dau vao x duwoc xir Iy trong khong gian 4n va cho két qua 1a
dau ra d(z), khi d6 ham mat mat cia khong gian an trong VAE la:

e =|x=d@| + BKL(Z,N(O,1,)), (16)

BKL(z,N(0,1,)) 1a phép do khoang cach giita 2 phan phdi xac suat, sy khac nhau giira hai
phan phéi x4c sut quyét dinh sy khac nhau, va néu phép do c6 gia tri bang 0 thi hai phan phdi
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duogc coi la glong nhau. Ham mat mat s& ¢ ging giam thiéu sy phéan ky gilra phan ph01 ban dau
va phan ph01 dugc tham sb hoa, tir 6 ngan can mang hoc cac phan phdi hep va ¢ ging dua
phan phdi gan hon véi phan phdi chuan don vi v6i E(z) va V(z) lan luot 1a trung binh va hiép

phuong sai ctia phan phdi chudn.

PKL(z,N(0,1,)) = Z(V(zl) logV(z,) -1+E(z,)?), a7
i=1

Khi do, ta so sanh gié tri ham méat mat cia md hinh theo cong thuc (9) khi st dung hai bo di
liéu dau vao lan luot 1a spectrogram tir k§ thuat LOFAR va spectrogram tir LOFAR cai tién, dé
danh gia hiéu qua khi phan loai bon 16p tau v6i nhau. Tir hinh 7, ta ¢6 thé thdy ham mat mat ctia
md hinh phén loai v6i bg dir lidu da ndi suy co sy cai thién so voi bo dit liéu ban dau, tranh duoc
hién twong qua khop trong khi huén luyén, cai thién dugc d6 chinh xac cua mo hinh. Tai day, ta
c6 thé thay gia trji ham mat mat cia mo hinh da hoi tu hon, gia tri cia ham mat mat tai cac vong
lap 100, 150 va 200 cho két qua gia tri loss ciia b dit lieu LOFARgram sau khi noi suy da giam
dang ké so v6i khong ndi suy, diéu d6 da dam bao tinh hoi tu cia md hinh. Ta st dung ciu hinh
cua mang VGG truyen thong theo [17] vdi cac cta so chap (3x3), 16p gdp cuc dai (2x2) c6 bude
sai 1a 2, cac khdi chip cia mang VGG luc nay s& gdm mot chudi céc tang c6 cau triic tuong tu
nhau nhu sau: 1 16p tich chap c6 chén dé giit o phan giai 6n dinh, 1 16p phi tuyén s dung ham

kich hoat RELU, va 1 16p gop cuc dai dé giam chiéu khong gian.

Ham miit mit ciia LOFAR Ham mit mét ciia ndi suy LOFAR
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Hinh 7. So sanh ham mdt mat ciia mé hinh véi hai bé dir liéu.

Két qua phan loai chung giita cac nhom ddi twong sau cai tién dat trung binh trén 85% so véi
trudc d6 1a khoang 77%, do chinh xac phan loai cua ting 16p tau dugc biéu dién trong hinh 8
thong qua mot ma tran hon loan.

Mot trong nhimng khé khin 16n nhét trong xir 1y tin hiéu thuy am d6 1a han ché trong viéc thu
thap dit liéu dudi nudc vi cac li do dan sy va ca quan sy, di dan dén viéc thiéu dir liéu va rat kho
tiép can cac dang tin hiéu dac thu. Trong thyc té, cac dir licu thuy am hién nay tai Viét Nam
thudng thu thap trong cc diéu kién méi trudng, thoi tiét khac nhau, cac thiét bi thu ciing khong
ddng nhat, dan dén chit luong tin hiéu gip nhiéu han ché. Cac mé hinh phan loai s& luén doi hoi
phai hoat dong hiéu qua vdi cac bg dir liéu nho, thiéu va ty 1¢ tin hiéu tin trén tap thép Do d6, bai
bao nay dé xuat mot giai phap két hop giira cai tién k¥ thuét tién xir [y LOFAR bang phuong
phap noi suy khéi ndi truc (cubic splines interpolation) va m6 hinh phan phéi xac suét trong
khong gian 4n (Variational autoencoer-VAE), dé ning cao kha ning phat hién tin hiéu cua chén
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vit tau trong cac tap dir li€u thyc thu dugc (Bo dir li€u cua cac tau hai quan thu dugc trong cac
qué trinh trién khai hoat dong trén bién). Béng cach cai tién phuong phép trich xuét dir liéu, sau
do anh xa dir liéu tir khong gian dir liéu dau vao sang khong gian nén phi tuyén tinh, thong qua
céc t6 hop phi tuyén tinh lién tuc, mé hinh di siu vao cic cau triic dit liéu phirc tap va biéu dién
cac thudc tinh ciia tin hiéu trén mot khong gian don gian hon va it chiéu hon, do d6 ting murc do
triru twong cuda lop dau ra va cai thién két qua phan loai. Tat ca qua trinh huin luyén va thyc thi
mé phong duoc thyc hién trén may tinh tram Dell T3600 Xeon 8 ludng, card do hoa NVIDIA
k2200 4GB trong moi truong Ubuntu 18.04, sir dung CUDA10.1 va CuDNN7.6.5, véi vong lap
200 lan.

Ma triin hén loan cia LOFAR 0.7 Ma triin hn loan ciia ni suy LOFAR 0.8
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Hinh 8. Ma trdn hén loan biéu dién do chinh xdc phan logi cho ting lop.
4. KET LUAN

Bai bao da phan tich va cai tién thuat toan LOFAR véi d6i tugng tau st dung chan vit lam
giai phap tlen xu ly dir liu trude khi dua vao phan loai bang mé hinh xac suit phan ph01 trong
khong gian an. Két qua ctia mo hinh dé xuat da khic phuc dugc cac han ché cua viée thiéu hut dir
liéu thily 4m, ting d chinh xac ctia phép phén loai ngay ca khi SNR thap. Tuy nhién, dé tiép tuc
cai thién tinh chinh xéac, téc do xur 1y, va timg budc cling hoa cac giai phap, cac hudng nghién
clru sau ndy can b6 xung ngudng phap hién, két hop hai k¥ thuat DEMON va LOFAR cung luc,
cling nhu cac giai phap sinh dit liéu méi nhu mang GAN dé tiép tuc cai thién két qua phan loai.
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ABSTRACT

Classification of propeller vehicle using LOFAR cubic splines interpolation in combination

with triple loss variational auto encoder

In the field of ocean acoustics, both traditional and modern underwater signal

processing methods have recently achieved positive results. For sonar problems serving
national defense and security tasks, the need for timely and accurate classification of
propeller ship types is of top importance. This study presents an underwater signal
processing model for the purpose of detecting and classifying propeller ships with
improved LOFAR techniques by cubic splines interpolation (CSI) combined with
probability distribution in the hidden space domain. The results of the proposed model,
tested on real data sets, show that the classification accuracy has increased by 10%,
achieving an efficiency of 88% compared to the previous models. This solution also
demonstrates that the model combining traditional and modern methods can effectively
classify actual signals even when the amount of data is lacking and the signal-to-noise
ratio is low.

Keywords: Underwater processing; Sonar; Interpolation; Triple loss.
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