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DPANH GIA HIEU NANG TU PONG PHAN LOAI MUC TIEU RADAR
CUA MOT SO MANG NO-RON HIEN DPAI
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Tém tit: Hién nay, co rat nhiéu mang no-ron tich chdp (CNN) hién dai duoc su dung
trong wng dung thi giac may tinh va xu ly ngon ngit tw nhién. Tuy nhién, viéc danh gia
hiéu nang cua cdac mang no-ron do cho bai todn nhdn dang muyc tiéu ra da van con han
ché. Do dé, bai bdo nay sir dung phuong phdp hoc chuyen tiép nham thye hién khdo sat
danh gid hiéu nang cia mgt s6 mang no-ron hoc sdu doi véi tap dir liéu phan tich phé
Wavelet ciia tin hiéu ra da phan hoi tir bon muc tiéu don gian (tru tron, dia tron, cau va
non cut). Trén co sé so sanh danh gid, mét mé hinh mdi két hop giita EfficientNet va
GoogleNet (tén 1a Efficient-GoogleNet) dwgc dé xudt nham ning cao dé chinh xdc phdn
loai muc tiéu ra da. Két qua la mé hinh Efficient-GoogleNet cho do chinh xac cao hon so
véi cdc mé hinh con lai. Nhir vy, c6 thé thdy, xdy dung mang no-ron phit hop c6 tiém
nang lom cho bai toan tw dong phan loai muc tiéu ra da.

Tiwr khéa: Mang no-ron tich chap; Nhan dang muc tiéu ra da; Hoc chuyén tiép; Bién ddi Wavelet.
1. GIOI THIEU

Phan loai muc tiéu 1a mot chirc ning quan trong trong cac hé thong ra da hién dai. Trong thuc
té khai thac sir dung trang thiét bi hién nay tai cac don vi, nhiém vu phén loai muc ti€u ra da chu
yéu dugc thao tac thii cong boi tric thu dwa vao dic tinh song hdi ctia muyc tiéu két hop voi thong
tin quy dao di chuyén ctia muc tiéu d6. Co thé théy ré“lng, d6 chinh xac phan loai phu thudc rat
nhiéu vao kinh nghiém va chuyén mén nghiép vu ctia ngudi van hanh. Nhu vay, néu c6 sy thay
d6i nhan sy thi chat lugng phan loai ciing s& thay d6i theo. Piéu nay doi hoi phai c6 mot thuat
toan ty dong phan loai nham hd trg ra quyét dinh cho trac thu.

Véi sy phat trién manh mé cua céc thudt todn tri tu¢ nhan tao (Al: Artificial Intelligence) va

cong ngh¢ san xuat chip dién tir tao diéu kién giai quyet cac bai toan phuc tap ma trudc day
khong thé giai quyét duoc bang cac phuong phap truyén thong, trong d6 c6 bai toan tu dong
phan loai myc tiéu ra da. D3 c6 nhidu cong trinh nghién ctru cho thiy tinh hiéu qua cao trong
viéc ing dung tri tu¢ nhan tao trong bai toan tu dong nhén dang muc tiéu ra da.

Trong nghién ctru ndy, ching t6i sir dung k¥ thuat hoc chuyén tiép dé tan dung cau tric cta
cac mang no-ron tich chdp (CNN: Convolutional Neural Network) hién dai cho bai toan phan
loai muc tiéu ra da. Nhu da biét, viéc thu thap dir liéu muc tiéu ra da hién nay vé co ban rat kho
thue hién. Chinh vi vay, dir liéu ma ching t61 st dung trong nghién ctru nay duoc gia lap bang
md hinh cua cac muc tiéu don gian (gdm muc tiéu hinh try, dia tron, cAu va nén cut). Cac dic
tinh phan hoi gia 1ap déu dya trén dién tich phan xa hiéu dung ra da (RCS: Radar Cross Section)
clia cac muyc tiéu khi duge chiéu xa ¢ cac goc khac nhau. Tap dit lidu 14 nhiing anh phé sir dung
phan tich Wavelet. Sau d6, nim mang CNN dién hinh nhat (gom EfficientNet, GoogleNet,
SqueezeNet, ResNet-18 va MobileNet-V2) duoc Iya chon dé thir nghiém so sanh tinh hiéu qua
phén loai muc tiéu ra da ctia ching.

2.CO SO LY THUYET
2.1. Xu hwéng ap dung mang no-ron trong bai toin phan loai muc tiéu ra da

Hién nay, cic bai toan nhan dang muc tiéu tap trung chi yéu cho cac hé théng ra da mat mo
phan cuc (SAR) [1]. Trong khi d6, ddi v6i ra da quan sat thi bai toan phat hién dugc quan tim
nhiéu hon [2]. Ngoai ra, con c6 bai toan nhan dang muc tiéu chuyén dong dua vao dau hiéu
micro-Doppler d6i v6i ra da diéu tan tuyén tinh lién tyc (FMCW: Frequency-Modulated
Continuous-Wave) sir dung cho tmg dung xe tu hanh [3]. Di vdi ra da canh gi6i thi viée phan
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loai muyc tiéu tré' nén kho khan hon. Tuy nhién, nhiéu nghién ctru da nd luc dé xuét thuat toan
phan loai, nhan dang muc tiéu. Cy thé, mot mé hinh di dwoc tng dung dé phan loai muyc tiéu cua
ra da quan sat [4]. M6 hinh trong [4] da dugc thir nghiém véi tap dir liéu voi hai myc tiéu 1a
ngudi va xe 0 t6, va dat d§ chinh xdc phan loai 1én dén 99,7%. Khi 4p dyng mang no-ron cho bai
toan nhan dang muc tiéu, cac dic tinh phd thoi gian-tin s6 dugc sir dung 1a chu yéu. Trong do,
cac dac tinh micro-Doppler 1a mot dau hiéu quan trong dé phan biét cac myc tiéu chuyén dong,
boi vi mdi muc tiéu s& c6 mot dic tinh chuyen dong riéng cia n6. Dua trén trich chon déc tinh
phd Micro-Doppler, cac tac gia trong [5] di thuc hién phan loai cac myc tiéu ra da trén bién sir
dung mang CNN. Két qua nghién ctru cho thiy tinh kha dung ctia mang no-ron cho bai toan phan
loai nay. Trong mdt nghién ctru khac, dit liéu ctia ra da canh gidi ciing dugc phan tich, roi sau do
duge sir dung dé phan loai cac muc tiéu may bay khong nguoi 1ai (UAV: Unmanned Aerial
Vehicle), két qua phan loai dat 95% [6].
2.2. M6 hinh dién tich phan xa hiéu dung muc tiéu ra da

Dién tich phan xa hiéu dung ra da (RCS) 1a mét dac tinh déc biét quan trong dé xay dung mo
hinh tin hiéu phan xa tir muc tiéu, dugc mo ta khai quat nhu sau:

p—y A
o=lim4zR"—-, (D)
R—o0 Ei
trong do, R 1a cu ly gilra ra da va myc tiéu, Es 1a d§ 16n trudng tan xa dién tr tai ra da, Ei la d6
16n trudong chiéu xa dién tir tai muc tiéu. Xung ra da chiéu xa vao mot muc tiéu & cac goc khac
nhau ctia mot vat thé s& cho xung phan hoi véi cac dic tinh bién d6 va pha khac nhau. Thong
thudng, mot muc tiéu thuc té dugc cdu thanh tir nhiéu thanh phan khac nhau véi nhing dic tinh
phan xa dién tir khac nhau. Nhirng déc tinh nay phu thudc vao kich thudc hinh hoc, hinh dang va
vat liéu ciia vat thé d6. Dé co thé xay dung mo hinh RCS clia mot myc tiéu phic tap can phai
chia nho muc tiéu thanh cac chat diém co nhiing ddc tinh phan xa don gian. Theo do, trong
nghién clru nay, bdén md hinh muc tiéu don gian gém hinh tru, dia tron, hinh cdu va non cut sé&
duoc thiét lap. Co thé khéng dinh réng, RCS ctia myc ti€u khong chi phu thudc vao tinh chét
hinh hoc va vt 1y ciia chinh n6é ma con phu thudc vao bude song ciia song dién tir chiéu xa vao
n6. Bé danh gia RCS cia muyc ti€u cho ra da bang X, ching t6i Iya chon tan s hoat dong cua ra

da 1a 10 GHz. Céc tham s6 hinh hoc ctia bon muc tiéu duoc thé hién trong bang 1.

Bing 1. Tham s6 mé hinh cdc vit thé.

Vit thé Tham sé Gia tri
Ban kinh 1+x0,1)m
Hinh tru tron -
Chiéu cao (10+£0,5 m
Hinh dia tron Ban kinh (1+£0,1)m
Hinh ciu Ban kinh (1+0,1)m
Ban kinh nho lcm
Hinh nén cut Béan kinh 16n 1+x0,1)m
Chiéu cao (10£0,5 m

M6 hinh RCS trong hinh 1 duoc st dung dé tao muc tiéu radar gia lap véi cac goc phan xa
khac nhau phuc vu cho qua trinh mé phong. Biéu dd trong hinh 2 thé hién cac mé phong tin hiéu
phan hdi tir hinh tru va hinh nén cut theo thoi gian. Trong d6, hinh 2a) va 2b) thé hién goc quay
clia cic muyc tiéu quanh trong tdm cua ching. Hinh 2c) va 2d) 14 cudng d6 ciia tin hidu phan hoi
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tuong Ung voi cac goc quay khac nhau. RS rang, khi cac muyc ti€u & cac goc quay khac nhau thi
tin hiéu ra da phan xa tir muc tiéu d6 s& thiang giang bién do rd rét. Py chinh 1a déu hiéu dic
trung cua ting vat thé phan xa tin hiéu ra da c6 thé dung dé phan loai muc tiéu. Tuy nhién, d6
moi chi la nhitng myc ti€u don gian duoc gia 1ap trong nghién ctru nay.
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(¢) Cuong do tin hiéu phan xa tie hinh tru.  (d) Cuwong do tin hiéu phan xa tie hinh non.
Hinh 2. Su thay doi cuong dé phan xa khi vit thé quay theo cdc géc khdc nhau.
2.3. Pic tinh tan xa sir dung bién d6i Wavelet
Nhu” da lgiét, cd mot s ky thuat (,ié biéu dién tin hiéu trong mién thoi gian-tﬁn s6, dién hinl}
nhu bién doi Fourier thoi gian ngan (STFT: Short Time Fourier Transform, hodc phan bo
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Wigner-Vile (WVD: Wigner-Ville Distribution), hogc bién d6i Wavelet, v.v. Trong do, bién doi
Wavelet dugc biét dén nhu mot giai phap phu hop de dai dién cho céc tin hi€u roi rac [7]. Bién
d6i Wavelet co do phan g1a1 cao trong cd mién tan s6 va mién thoi gian. Bién ddi Wavelet khong
chi cho chung ta biét tin sb nao hién dién trong mot tin hiéu ma con cho biét nhimg tan so nay da
xay ra tai thoi diém nao. Diéu ndy dugc thuc hién bing cach 1am viéc véi cac cira s6 co kich
thudc khac nhau. Vi vdy, trong nghién ctru ndy, tin hiéu phan hoi tir muc tiéu s& duoc phan tich
boi bién d6i Wavelet (WT: Wavelet transform) dé tao ra anh phd tan sd-thoi gian. Thong thudng,
hé s6 cta bién d6i Wavelet cta tin hiéu U(t) dugc mo ta khai quat nhu sau:

C(a,b) = j U (t)a Y2¥[(t —b)/aldt @)

trong d6, P[(t—b)/a] 1a ham cira s6 Wavelet, b 1a d9 dich chuyén thoi gian, a 1a do gidn né
ham cira s6 Wavelet.
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c) d)
Hinh 3. Biéu dién tin hiéu phdn héi theo thoi gian va tan sé ciia muc tiéu:
a) Hinh #ru; b) Pia tron; ¢) Cau; d) Hinh non cut.

Hinh 3a), b), ¢) va d) lan luot thé hién hinh anh pho Wavelet cua cac tin hi€u phan xa tir cac
muc tiéu hinh try, dia tron, cdu va non cut. Co thé thay rang pho tin hiéu twong Umg vdi cac myc
tiéu khac nhau s& c6 biéu hién khac nhau. Nhu vy, bang bién d6i Wavelet theo biéu thirc (2) véi
a=2vab =1, tin hiéu phan hdi tir muc tidu cd thé tao ra tap dit liéu co kich thuge 71x1000x2,
trong do, 71 la so mau tan s tuong img voi s6 luong kénh loc Wavelet, 1000 1a s6 mau thoi gian
tuong ng véi sd luong xung phan hdi duoc thu thap cho mot 1an bién doi Wavelet, 2 thé hién
thanh phﬁn thuc va do cta dit liéu sau khi bién déi Wavelet. Dé tao ra tap dir li€u huén luyén, qua
trinh tao tin hiéu dwoc 1ap lai 50 1an mot cach tiy ¥ theo cac kich thude hinh hoc (ban kinh va do
cao) cua vét thé khac nhau. Ngoai ra, cho mdi kich thudc s& c¢6 100 chuyén dong quay duoc gia
dinh bang viéc thay dbi goc theo 100 dudng cong hinh sin ngiu nhién xung quanh truc quang
muc tiéu. Mdi 1an di chuyén s& c6 1000 xung phan hdi dugc thu thap. Do do, s& c6 5000 chudi
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mAu tin hiéu phan hdi cho mdi muc tiéu, mdi chudi c6 1000 xung phan hdi. Nhu viy, tong sd
chuoi cho tat ca cho bon myc 1a 20000 chuoi dir ligu. Sau do, tap dir li€u s€ duoc chia thanh hai
tap: 80% cho huan luyén mang no-ron va 20% cho kiém tra.

3. KET QUA MO PHONG VA THAO LUAN
3.1. Lwa chon mang no-ron cho bai toan phan loai muc tiéu ra da
Trong ph?m nay, mot sb mang no-ron hién dai dugc xem xét Iya chon cho bai toan phan loai
muc ti€u ra da. Cac tham s6 quan trong nhat doi véi mot mang no-ron la do chinh xac, toc do va
kich thudc cua mang. Trén hinh 4 thé hi¢n nhirng tham s6 co ban ctia cac mang no-ron pho bién
hién tai, trong dod, truc hoanh thé hién thoi gian thyuc thi mot dg doan, truc tung thé hién do chinh
xac phan loai va kich thudc hinh tron thé hién d6 16n ctia mang.
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Hinh 4. Tham s6 cdc mang no-ron phé bién.

Trong pham vi cbng trinh nghién ctru, cic tac gid lwa chon mang no-ron d6 bao gdm
EfficientNet [8], GoogleNet [9], SqueezeNet [10], ResNet18 [11] va MobileNet-V2 [12] dé dua
vao phan tich danh gia vi 1i do ddy Ia cac mang no-ron c6 kich thudc nho, tc do tinh toan cao s&
phu hop véi tai nguyén phan cimg sir dung cho qua trinh mo phong va dam bao tdc do cho bai
toan nhan dang muc ti€u ra da. Véi yéu cAu phén loai 4 kiéu loai muc tiéu ra da ma bai bao dua
ra, chung t6i tin tuong rang do chinh xac ciia cac mang no-ron duoc lya chon cé thé dap ung
dugc yéu ciu.

3.2. Pé xuit md hinh két hgp Efficient-GoogleNet

Trén co so thuc hién mo6 phong, tinh toan hiéu nang phan loai muc ti€u cua cac mang no-ron
EfficientNet, GoogleNet, SqueezeNet, ResNet18 va MobileNet-V2, mdt mang no-ron madi s€
dugc dé xuét bang cach két hop mang EfficientNet véi GoogleNet nham ting cuong do chinh
xac phan loai myc tiéu. Cac mang no-ron & trén cac mé hinh dugc sir dung phd bién hién nay
trong linh vuc thi gidc may tinh. Trong nghién ciru nay, k¥ thuat hoc chuyén tiép (transfer
learning) duoc str dung dé huan luyén cho tap dir liéu myc tiéu ra da vi n6 co6 thé tin dung mé
hinh da duoc huin luyén véi dit liéu truée d6 nhim ddy nhanh téc d6 hudn luyén cho tap dit liéu
moi thay vi khéi tao bo trong s6 mot cach ngau nhién. Cy thé, k¥ thuat hoc chuyén tiép duoc
thyc hién bang cach thay doi kich thudc ctia 16p dau vao clia cac mang thanh 71x1000x2 dé phu
hop véi tap dir liéu muc tidu ra da véi kich thudce cta anh phd Wavelet 71x1000x2. Ngoai ra, 16p
két ndi ddy du (FC layer) ctia cac md hinh duoc didu chinh thanh 5 class dau ra twong tng véi 4
nhin muyc tiéu va 1 nhén nhiéu thay vi 1000 class nhu cau tric ban dau. Qua trinh huan luyén
dugc thuc hién trong 20 epoch, batch-size bang 32, learning rate khoi tao 1a 0.01 va sau 4 epoch
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thi learning rate giam 10 lan. Qua trinh huan luyén va thir nghiém dugc thyc hién trén phan cing
may tinh ¢6 cdu hinh nhu sau: CPU AMD Ryzen 7 3700X 8-Core Processor, RAM 2x16 GB
DDR4 3000 MHz, GPU NVIDIA GeForce RTX 3060 Ti. Chu y rang, dé hiéu rd hon vé kién triic
cac mang EfficientNet, GoogleNet, va SqueezeNet, co thé tham khao tai [8- 12].

Mo hinh két hop Efficient-GoogleNet dugc dé xuit trong nghién ciru niy duoc thé hién trong
hinh 5, c6 thé thay rang, trong mo hinh két hop nay, anh phd Wavelet duoc phan ra lam hai
nhanh xtr 1y riéng biét. Mot nhanh 1a mo hinh EffientNet va mot nhanh la GoogleNet. Cac dac
tinh ctia hai mo6 hinh duogc két hop véi nhau boi 16p DeepConcat, va sau d6 sir dung FC layer voi
5 class dau ra két hop voi 16p Softmax dé dua ra xé4c suit cta céc class muc tiéu. Muc tiéu dugc
du doan 14 class c6 xac suit du doan cao nhét.

N
A _
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EfficientNet \\\\\ng muyc tiéu:
N
/ - - Tru
o DeepConcat \\"’ - Dia tron
| —>»{  L6p diu vao /é'\\g - Ciu
/I . - Non cut
GoogleNet .
FC-Layer

Hinh 5. So do két hop mé hinh Efficient-GoogleNet.
3.3. So sanh két qua va binh luin

Hiéu nidng phan loai muc ti€u cia cac mo hinh duogc thé hién trong bang 2. Co thé nhan théy
ré’lng, cac mo6 hinh xem xét c6 dd chinh xac phan loai muc tiéu déu dat trén 90%. Trong d6, mo
hinh két hop ma ching t6i dé xuét cho d6 chinh xac cao nhét (99,43%), sau d6 1a MobileNet-V2
(99,3%) va EfficientNet (99,25%); roi dén ResNet18 (98,68%) va SqueezeNet (98,6%); va thip
nhit 12 GoogleNet (94,53%). Nhu vay, mo hinh két hop Efficient-GoogleNet cho két qua phan
loai v&i d6 chinh xac cao nhat 1a nho su két hop hiéu qua trich chon dac tinh hitu ich cta ca hai
mo hinh EfficientNet va GoogleNet. Bén canh d6, thoi gian thyc thi cho mét dy doan muc ti€u
cling duoc xem xét khao sat cho chi ti€éu danh gid hiéu nang ctia cac mo hinh. Mac du cé sy khac
biét rd rang vé thoi gian thyc thi khi cic mo hinh nay dugc str dung cho bai toan phén loai 1000
dbi twong anh quang hoc (xem hinh 4), nhung khi thyc thi cho bai toan phan loai muyc tiéu ra da
dwra trén phé Wavelet thi toc do xir Iy cua chung khong c6 nhiéu su khac biét. Nhu thé hién trong
bang 2, mo hinh EfficientNet c6 do tré xir 1y thip nhat véi 4,1 ms. M6 hinh GoogleNet cho tdc
d6 nhanh thtr 2 v6i 5,5 ms. Tuy nhién, khi két hop hai mé hinh nay véi nhau thi toc d6 xir 1y cho
mot dy doan 13 6,7 ms, chim nhit so v&i cdc mo hinh con lai. D6 1a vi khi két hop hai mé hinh
thi kich thudc ctia nd ting 1én lam tiéu t6n b nhd va can nhiéu thoi gian hon dé xu 1y.

Bdng 2. So sanh hiéu nang cua cdac mo hinh.

A s Do chinh | Thoi gian A s D6 chinh Thoi gian
M hinh xac thue thi Mo hinh xac thue thi
EfficientNet 99,25 % 4,1 ms ResNet18 98,98 % 6,3 ms
GoogleNet 94,53 % 5,5ms MobileNet-V2 99,30 % 6,6 ms

Efficient-
0, 0,
SqueezeNet 98,60 % 6,1 ms GoogLeNet 99,43 % 6,7 ms
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Hinh 6 thé hién ma tran so sanh (Confusion matrix) khi sir dung mé hinh két hop Efficient-
GoogleNet dé phan loai myc tiéu ra da. Hinh v€& cho théy, hinh cau, hinh tru va nhiéu Gauss c6
d6 chinh xac phan loai cao nhat, dat 100%, sau do la dia tron (99,9%), r0i dén hinh nén cut
(90.9%). Hon nira, mang no-ron nham 1an tir cac muc tiéu khac thanh muc tiéu hinh cau, dia tron
va nhidu vi tai goc chiéu xa vudng goc, non cut ¢6 dic tinh RCS gan gidng véi 3 dang vat thé do.

Confusion Matrix

Cylinder UK

Disc 99.9%

Noise

True Class

Sphere

Struncone

et e X < o
o OF X %Qx\e o

o™
Predicted Class

Hinh 6. Ma trdn so sanh gitra cdac muc tiéu dw dodn so voi muc tiéu gia dinh
cuia mé hinh két hop Efficient-GoogleNet.

4. KET LUAN

Bai bao da thyc hién nghién ctru so sanh kha nang phan loai muc ti€u ra da ctia cdc mo hinh
hién dai nhu: MobileNet-V2, EfficientNet, ResNet18, SqueezeNet, GoogleNet. Tap dir liéu sur
dung dé so sanh danh gia duoc tao ra tur bdn muc tiéu gia 1ap va mot nhan nhiéu. Dya trén co s&
thir nghiém cac mé hinh da khao sat, mot mo hinh két hop Efficient-GoogleNet dugc dé xuat
nham ting cudng d chinh xac phan loai cac myc tiéu. Két qua thir nghiém cho thiy, mé hinh
Efficient-GoogleNet cho d6 chinh x4c cao hon so voi cac mé hinh con lai. Nhu vy c6 thé thay,
xdy dung mang no-ron phtt hop cé tiém ning 16n cho bai toan tu dong phan loai muc tiéu ra da.
Trong twong lai, nhém tac gia du dinh s€ xay dung mot mang no-ron mdi dé c6 thé phan loai cac
muc tiéu ra da da dang hon; tién hanh thu thap muc tiéu ra da trong thuc té dé déanh gia hiéu qua
clia mang no-ron dé xuat. Bén canh dé, viéc sir dung cac ky thuét tién xir 1y ciing rat quan trong,
vi vdy, chiing s& dugc nghién ctru dé c6 thé gia ting do chinh xac phan loai muc tiéu cho cic mo
hinh mang no-ron.
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ABSTRACT

PERFORMANCE EVALUATION OF STATE-OF-THE ART NEURAL NETWORKS
FOR AUTOMATIC RADAR TARGET CLASSIFICATION TASK

Currently, there are many modern convolutional neural networks (CNN) used in
computer vision and natural language processing. However, the performance evaluation
of those neural networks for radar target recognition is still room for research. Therefore,
in this paper we uses transform learning method to conduct evaluating the performance of
some deep learning neural networks based on Wavelet analysis dataset of the response
radar signal from four items, including cylinders, discs, spheres and struncones). Based
on the evalution of networks, a new model that combine EfficientNet and GoogleNet
(named Efficient-GoogleNet), was proposed to improve the radar target classification
accuracy. As a result, the Efficient-GoogleNet model outperforms other ones in terms of
classification accuracy. Thus, it can be seen that building a suitable neural network has
promising potential for automatic radar targets classification tasks.

Keywords: Convolutional neural network; Radar target classification; Transfer learning; Wavelet transform.
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