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TOM TAT

Trong bai bao nay, chung toi dé xudt mot mang no-ron hoc sdu (dat tén la ARTRNet) co chirc
nang tw dong nhdn dang muc tiéu ra da dva trén dau hiéu ddac trung dién tich phdan xq hiéu dung
va tan so Doppler cua muc tiéu trong tin hiéu phan xa. D liéu thé dau vao mang no-ron
ARTRNet duoc dinh dang 3D véi cac thong tin cu ly — phuong vi — tan. Tac gia dé xuat mot cdi
tien ham mat mat trong qua trinh huan luyén mang no-ron giup nang cao hiéu nang nhdn dang
muc tiéu cua mo hinh.
Tu khoa: FMCW; Radar; Range; Azimuth; Doppler; Object detection; Deep learning.

1. PAT VAN PE

Ra da diéu tan tuyén tinh lién tuc (FMCW: Frequency Modulated Continuous Wave) dang
dugc sir dung rong rii trong cac ing dung dan su ciing nhu linh vyc anh ninh, quéc phong [1].
Phat hién va ty dong nhan dang muc tiéu ra da (RATR: Radar Automatic Target Recognition) la
hai linh vuc nghién ctu chinh trong linh vuc xtr ly tin hiéu ra da hién dai [2]. Chirc nang nhén
dang muc tiéu ra da déng vai tro quan trong trong tac chién thyc té. Thong qua chirc ning nay,
kiéu loai muc tiéu dugc bd sung vao thong tin muyc ti€u bén canh cac tham s6 cu ly, phuong vi,
tdc d6 va hudng di chuyén gop phan hd trg cho cac hoat dong tac chién.

Gan day, cac nghién ctu 4p dung mang no-ron nhan tao cho bai toan nhén dang muc ti€u ra
da dang thu hut dugc su quan tdm tir cong dong nghién ciru [2]. Véi su phat trién manh mé cua
cac thuat toan tri tu¢ nhan tao (Al Artificial Intelligence) va cong nghé san xuét chip dién tir tao
diéu kién giai quyet cac bai toan phirc tap ma truée day khong thé giai quyét dugc bang cac
phuong phap truyén thong, trong d6 c6 bai toan ty dong nhan dang muc tiéu ra da. Viéc ap dung
tri tu¢ nhén tao trong bai toan phat hién va tu dong nhan dang muc tiéu ra da la mgt huéng mai
va phu hop v6i xu hudng phat trién ciia khoa hoc cong nghé.

Naéng cao chit luong mang no- ron chinh la qua trinh giai quyét bai toan lam tang chinh xac,
giam thoi gian tinh toan va giam so luong tham s6 ctia mo hinh. Bé giai quyet van dé nay, cac
nha nghién ctru tap trung vao mot sd hudng nghién ctru nhu: Iya chon tham s dic trung tin hiéu
ra da dé tién hanh nhan dang [4], t6i wu hoa mé dun trich xuat dic trung (backbone) [3, 6], toi uu
hoa mé dun phat hién va phan ving vt thé (detection head) [7], t6i wu hoa ham méat mat [8, 9].

Trong bai bao ndy, chung t6i tap trung nghién ctru 1y thuyét nhan dang muc tiéu ra da, dé xuét
mot mang no-ron hoc sdu c6 chirc nang ty dong nhan dang muc ti€u ra da. Bén canh do, ching
t6i cling d& xudt cai tién ham mat mat sir dung trong qua trinh huan dé nang cao hiéu nang nhan
dang muyc ti€u cia mang no-ron dé xuét.

Dit liéu ra da dugc sir dung dé tién hanh huin luyén va kiém tra mang no-ron 1a bo dit liéu tho
sau tuyén xur 1y s6 so bd cua ra da FMCW. Dit liéu ra da nay bao gdm cac thong tin: cuy ly,
phuong vi va tbc d6 muc tiéu duoc dong goéi ¢ dang 3D thé hién trén hai truc toa do cu ly —
phwong vi va cy ly — tan sd.

Trong noi dung bai bao, chung t6i d& xuat mot cai tién ham mat mét dugc st dung trong qua
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trinh hudn luyén mang no-ron ctia bai toan phat hién vét thé (Object Detection) nhim ning cao
hiéu ning nhan dang myc tiéu cia mo hinh dé xuat. Noi dung tiép theo cua bai bao dugc trinh
bay theo bd cuc sau. Phan 2 mo ta ly thuyét nhan dang muc tiéu ra da, ham méat mat va co Y
déanh gia hiéu néng ciia mang no-ron giai quyét bai toan nhan dang myc tiéu. Phan 3 trinh bay vé
céu triic mang no-ron ARTRNet dé xuat. Noi dung két qua nhan dang va thdo luén duoc trinh
bay trong phan 4. Cudi cliing, phan 5 trinh bay két luan va huéng phat trién tiép theo ctia bai bao.

2.COSO LY THUYET
2.1. Ly thuyét nhan dang muc tiéu ra da

Mbi kiéu loai muc tiéu ra da thuong cé nhiing dic trung riéng biét, cac ddc trung nay dugc
thé hién trong tin hiéu phan xa vé tir muc tiéu cua ra da. Dua vao sy khac nhau trong tin hi¢u
phéan xa vé cua ting muc tiéu ma bd nhén dang muc ti€u sé tién hanh phan loai va nhan dang.
Cac dac trung trong tin hiéu phan xa nhu: dién tich phan xa hiéu dung (RCS: Radar Cross
Section), tan s6 Doppler, micro-Doppler va thong tin vé pha 1a nhimg dau hiéu thudng duoc st
dung dé tién hanh nhan dang muyc tiéu [4].

Dién tich phan xa hi€u dung ra da duoc dinh nghia la dién tich birc xa twong duong, phan xa
tat ca nang luong truyén dén no va tao nén tai diém thu mat do dong cong suét nhu d6i v6i muc
tiéu thuc. RCS 1a mot dic tinh dic biét quan trong dé xay dung mo hinh tin hiéu phan xa tr myc
tiéu, dugc mo ta khai quat ¢ cong thirc (1).V6i nhitng dai ra da co6 do phan giai cao vé cu ly
(HRRP: High Resolution Range Profile), thong tin tin hi¢u phan xa tir muc tiéu biéu dién trén
mién bién do - thoi gian hay dic trung phd biéu dién trén mién tan so - thoi gian thong qua phép
bién ddi STFT (Short-time Fourier Transform) mang dédc trung dién tich phan xa hiéu dung cua
muc tiéu l1a co s& thuc hién bai toan phan loai muc tiéu [2, 10]. Trén hinh 1 1a vi dy tin hi¢u phan
xa vé tir muc tiéu ctia mot dai ra da co do phén giai cao vé cu ly. Moi kiéu loai muc tiéu s& ¢o
anh chan dung bién do - thoi gian riéng, chinh sy khac nhau vé dic trung tin hidu nay 1a co s& dé
mang no-ron tién hanh phan loai.

2
o= Lm4ﬁR2% 1)

Trong do: R la cy ly gilra ra da va muc tiéu, Eg 1a 46 1on truong tan xa dién tir tai ra da, E; la
d6 16n truong chicu xa dién tir tai muc tiéu.
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Hinh 1. Tin hiéu phan xa Vvé tir muc tiéu cia cia ra da ¢é dé phan gidi cao vé cur .

Dau hiéu do dich tan s6 Doppler, micro-Doppler trong tin hiéu phan xa vé tir myc tiéu ciing
mot nhan t0 quan trong dugc st dung dé nhan dang muyc tiéu ra da [11, 12]. V&1 mot muyc ti€u
chuyén dong, ngoai thanh phan chuyén dong tinh tién cia ca muc ti€u, cac thanh phan chuyén
dong khac gay nén cac thanh phan micro-Doppler. Vi dy, v&i muc tiéu nguoi di bd, sy di chuyén
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clia cac canh tay, budc chan, lic dau s& hinh thanh tan sé micro-Doppler. Trén hinh 2 1a mo ta
ket qua phan tich dau hiéu d¢ dich tan micro-Doppler cua 3 kiéu loai muc tiéu: ngudi di xe dap,
nguoi di bg, xe 6 td thdng qua phép bien doi STFT. Gia tri tan s6 Doppler, micro-Doppler duoc
tao ra do sy chuyén dong ctia myc ti€éu dugc thé hién qua cong thic (2).
_ 2v.cos(0)

A

f 2

Trong d6: f 1a tAn sb Doppler, v 14 van téc cia muc tiéu, O 12 goc ciia hudng chuyén dong

muc tiéu va truc cta bip song chinh, A 1a budc song cua tin hiu phat.
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Hinh 2. Phdn tich ddu hiéu dé dich tan sé micro-Doppler qua phép bién doi STFT (hinh bén trai
cung la két qud phan tich tin hiéu cia muc tiéu nguoi di xe dap, hinh ¢ giita la muc tiéu nguoi di
bg, hinh bén phdi la muc tiéu xe 6 t0).
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Thong tin vé pha ciing 1a mot tham s6 quan trong dugc sir dung dé tién hanh nhan dang muc
tiéu. Trong cong trinh [13], nhom tac gia di tién hanh phan loai muc tiéu ngudi di bo va phuong
tién co gidi trong ra da diéu tan tuyén tinh lién tuc dya vao do 1éch pha tin hiéu nhan dugc gitra
céc chan tir cia anten thu.

2.2. Him mat mat

Mang no-ron duoc huin luyén thong qua st dung cac thuat toan toi wu dé diu chinh cc hé
s0 trong lugng theo mot quy ludt didu chinh nhét dinh (thudng 1a phuong phap Gradient Desent).
La mot phﬁn cua thuat toan tbi wu, gia tri 16i cta trang thai mo hinh hién tai phai dugc tinh toan
mét cach lién tuc. Him mat mat (loss function) chinh 1a mét ham toan hoc dé tinh gia tri 16i, tur
gia tri 16i nay cac thuat toan t6i wu s& tién hanh cap nhét lai cac trong ) mang no-ron dé dam bao
gia tri 16i d6 giam dan trong cac l1an danh gia tiép theo. Lua chon ham mat mét phu hop trong qua
trinh huin luyén s& gop phan nang cao hiéu ning cho mé hinh mang no-ron hoc sau.

Trong bai toan phat hién vét thé, ham mat mat thuong dugc tao thanh tir hai thanh phﬁn
chinh: 18i do phan loai (classification loss) va 18i xac dinh vi tri (localization loss) [14]. Gi4 tri

16i xac dinh vi tri L., duoc tinh toan theo [16], ham Cross Entropy dugc su dung dé tinh toan 13i

phén loai vat thé L .

I—Total = LBox + I‘Cls (3)
Trong d6: Ly, : Loi téng hop ctia md hinh;
LBox

Lo : LOi phan loai vat thé.

otal

: Loi xéc dinh vi tri;

2.3. Co sé danh gia hiéu nang ciia mang no-ron

Chi s6 d6 chinh xéc trung binh cua tt ca class mAP (Mean Average Precison) dugc st dung
dé danh gia hi¢u nang cua cac mo hinh phat hién vat thé nhu: Fast R-CNN, YOLO (You Only
Look One), Mask R-CNN,... Trong cong trinh nghién ctru nay, chung t6i cling st dung gia tri
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mAP 13 co s& dé danh gia hiéu nang nhan dang muyc ti€u cila mang no-ron dé xuét. Gia tri mAP
duogc tinh theo cong thurc (4).

N
mAP = = > AP (4)
N =
Trong do, gia tri do chinh xdc trung binh (AP: Average Precison) dugc tinh toan théng qua
tham s6 d0 chinh xac (precision) va do bao phu (recall) nhu thé hién ¢ cong thirc (5)
k=n-1

AP = Z (Recall ,,—Recall , ., ) * Precision (®)
k=0

Céc tham sd precision va recall dugc tinh thong qua ma tran x4o tron (cofusion matrix) va chi
s6 ToU (Intersection Over Union). Trong qua trinh danh gia hiéu ning mang no-ron dé xuét cua
bai bao, tac gia sir dung gid tri ngudng IoU dé tinh toan gia tri Recall va Precision 13 0.3.

3. MO HINH MANG NO-RON NHAN DANG MUC TIEU RA PA
3.1. Vi tri vai tro mang no-ron trong tuyén xir Iy tin hi¢u ra da FMCW

Vi tri ctia mang no-ron hoc sdu ARTRNet trong tuyén xur 1y tin hiéu ra da FMCW dugc mé ta
trén hinh 3. Tin hiéu dau ra may thu qua bo loc thong thap va bo bién doi tin hidu twong ty sang
s (ADC: Analog Digital Converter) s& dugc dua dén bd bd xir Iy so bo. Tai déy, thong qua cac
thuat toan tinh cu ly va phuong vi, dir li¢u dau ra dugc dong gobi ¢ dang ba chiéu cu ly — phuong
vi — tAn s6 va tiép tuc dugc dua dén mang no-ron ARTRNet dé tién hanh nhan dang.

Mang no-ron hoc saiu ARTRNet dé xuit bao gom hai phan chinh: backbone c6 nhiém vu trich
xuét dic trung va detection head c6 nhiém vu phat hién, xac dinh vi tri va phan loai muyc ti€u. Mo
dun backbone 1a m{t mang mang mang no-ron tich chap (CNN: Convolutional Neural Network)
duoc xay dung twong tu nhu mang CNN ResNet [15]. Ban do dic trung (feature map) trich xuét
tlr backbone duge dua dén mo dun detection head dé phat hién, xac dinh vi tri va phan loai muyc
tiéu. Detection head dugc xay dung theo nguyén 1y bd phat hién vat thé mot budc (one-stage
Detectors) theo cAu tric mang YOLO. Tin hi€u gia video cung thong tin kiéu loai muc tiéu duoc
chuyén dén va hién thi trén man hinh giao dién ngudi may.
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Hinh 3. Minh hoa vi tri mé dun tw déng nhdn dang muc tiéu ARTRNet
trong tuyén xi 1y, tin hiéu ra da FMCW.
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3.2. Mang no-ron dé xuat

Trong nghién ctru nay, nhém tac gid xay duyng mdt mang no-ron hoc sau cé chuc ning tu
dong nhan dang muyc ti€u ra da va dugc dat tén la ARTRNet, so dd chire nang mang no-ron
ARTRNet thé hién trén hinh 4. Dit liéu dau vao mang no-ron la thdng tin déu ra bo xtr Iy tin hi¢u
co s& & dang 3D cu ly — phuong vi — tan sb. Thong qua cac phép tinh tich chap (Convolutional)
va ly gi trj cuc dai (Maxpooling) dir liéu dau vao s& dugc bién ddi dé tao ra ban db dic trung
(Feature map). Thong tin ban d0 dic trung dugc dua dén mo6 dun phat hién va phan loai muc
tiéu, tir day, cac muc ti€u ra da duoc tién hanh nhan dang.

I(h(')i chinh Trich xuat dic trung

_—Dii liéu vio_—=
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Hinh 4. Cdu triic mang no-ron dé xudt cho bai todn nhdn dang muc tiéu ra da ARTRNet.

C6 thé thiy, moé hinh ARTRNet dugc két cau boi mot diy gom 4 khéi chinh 1+4 va mo dun
detection head thuc hién chic nidng phat hién va phan loai muc tiéu. Cac khdi chinh 1+4 dong
vai tro nhu cac khdi trich chon dic trung. Mdi khéi chinh dugc tao thanh tir nhidu khdi du
(Residual block) két ndi lién tiép nhau va két thuc 1a 16p gdp cuc dai (Maxpooling). S6 lan lap lai
ctia cac khdi du trong 4 khdi chinh tao nén tham sb kich thuéc khéi du [N1, N2, N3, N4] cua
mang no-ron ARTRNet. Mdi khéi du dugc xay dung theo nguyén Iy cia CNN ResNet [15] gdm
hai nhanh: mdt nhanh chinh (Backbone flow) va mét nhanh phu (Skip-connection flow). Nhanh
chinh ddm nhi€m chtc nang trich xuét dic trung dit li€u, nhanh phu c6 nhiém vu truyén dac
trung cii tir 16p chuan hoa dén két hop v6i dau ra cua nhanh chinh tai 16p cong.

Trong ra da ¢& nho tim gan FMCW, tdc do cap nhat dit liéu mdi vong quét thuong 16n do tdc
d6 quay anten (hodc quét bap song sd) nhanh hon so véi cac dai ra da canh gidi tim xa. Vi véy,
yéu cau tbc do xur ly va cép nhat thong tin nhan dang muc tiéu phai cao dé déng bo hoa toan bd
chudi xur 1y tin hi€u. Vi li do d6, nhom tac gid lya chon xay dung mo dun phat hién va phan loai
muc tiéu detection head theo nguyén Iy 1am viéc ctia 16p mé hinh ho YOLO. Pay 1a mét ciu triic
¢6 uu diém vé toc d6 xir Iy so v6i cac mo hinh khac. M hinh nay tryc tiép huin luyén mot mang
v6i cac bounding box va tién hanh phat hién va phan loai tat ca dbi tugng trén mot anh dic trung
(feature map).

Dit lidu dau vao mang no-ron hoc siu ARTRNet la su két hop clia ca thong tin dién tich phan
xa hiéu dung va thong tin tan s6 Doppler ctia muyc tiéu ra da. Bo dir liéu dung cho qua trinh huin
luyén, kiém tra va danh gia mang no-ron dé xudt 1a dir liéu ra da va thong tin gan nhan ctia hon
10000 vong quét voi dung luong hon 300 GB. Viéc sir dung ca hai dac trung quan trong ctia muc
tiéu s€ nang cao d¢ chinh xac nhan dang ctia mang no-ron. Thong tin dién tich phan xa hi¢u dung
ctia muc tiéu thé hién qua ma tran tin hiéu theo truc cu ly-phuong vi, thong tin tan s6 Doppler thé
hién qua ma tran tin hi¢u cu ly-t?m s6. Kich thudc dir liéu ra da dau vao mang no-ron la
256*256*64. Tap dit liéu s& dugc chia thanh cac tdp huan luyén va kiém tra véi ty 18 tuong ting
1a 80% va 20%.
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4. KET QUA NHAN DANG VA THAO LUAN

Mang no-ron hoc sdu ARTRNet duoc xdy dung va tién hanh huan luyén kiém tra bing ngon
ngit 1ap trinh Python sir dung framework Tensorflow. Bai bao tién hanh thay ddi kich thudc cac
khdi du backbone va diéu chinh ham mét mat trong qua trinh huén luyén. T d6 lya chon bo
tham sd gitip cho mang no-ron c6 hiéu nang nhan dang muyc tiéu cao nhat. Cac tham sé dugc
thiét 1ap cho qué trinh huén luyén, kiém tra nhu sau: Batch size duoc thiét 1ap 1a 4, téc d6 hoc
(learning rate) khoi tao 1a 0.0001 va giam dan 96% sau mdi 10.000 vong lap, st dung thuat toan
t6i wvu Adam dé cap nhat trong s6. M6 hinh dugc hudn luyén va kiém tra trén nén tang phan cimg
GPU ctia may tinh véi cau hinh: chip xtr Iy Intel Xeon E5-2678 v3 CPU, card man hinh RTX

3060 GPU, Ram 32GB.
4.1. Hi¢u niing nhin dang muc tiéu ciia mé hinh khi diéu chinh ham mét mat

Ham mét mét sit dung trong qué trinh huan luyén mang no-ron hoc sau ARTRNet nhu thé
hi§n 0 cong thuc (3).’Tr0ng gué trinh huan luyén, ching t@i nhan t{léy r’éng, anh huong cta thanh
phan Ly, 1én ham mat mat tong la rat 16n so voi thanh phan L, dan dén hién tugng suy giam do
chinh x4c phan loai myc tiéu ctia mang no-ron. Vi vdy, ching toi d& xuat diéu chinh ham mat
mat bang cach nhan thém mot hé s6 diéu chinh £ vao thanh phan L,  trong ham mat mat. Ham

mat mat méi dugc dé xuat trong qua trinh huan luyén mang no-ron la:

Total ﬁ LBox + LCIs (8)

Qua qua trinh chay thyc nghiém va so sanh két qua nhan dang cia mang no-ron véi ham mat
mat chua nhan hé s6 [16] va ham mat mat dugc nhan cac hé s6 diéu chinh £ khac nhau, ching toi
nhan théy, véi hé s6 nhan £ =0.1 m6 hinh mang no-ron dé xuit c6 hiéu nang nhan dang cao nhét.

Bdng 1. So sanh hiéu nang nhdn dang mang no-ron khi thay doi hé sé diéu chinh ham mat mat.

Hé so B 0[16] 0.01 0.05 0.1 0.15 0.2 0.25 0.3

MAP 3 0.2036 0.3287 0.3463 0.3559 0.3482 0.3391 0.2847 | 0.2480

4.2. Két qua nhin dang muc tiéu ciia md hinh mang no-ron dé xuit ARTRNet

Sau khi xdy dung mé hinh mang mang no-ron véi sé 1an lip lai cac khéi du trong cdu tric
backbone lan lugt 1a [2, 4, 8, 16] va ham mat mat trong qua trinh huén luyén nhu cong thac
(8), chung t6i tién hanh huan luyén mang no-ron trén toan bo tap dir lidu, s6 vong lap huan
luyén 1a 200.000. Két qua huén luyén dugc thé hién trén hinh 5 véi cac gia tri: sai s6 huén
luyén (training loss) thé hién & hinh bén trai cung, sai s6 xéac thyuc (validation loss) thé hién &
hinh & giita va d¢ chinh x4c trung binh mAP thé hién ¢ hinh bén phai cing 1an luot c6 gia tri 1a
1.673, 0.3039 va 56.5%.

loss/total_loss test_loss/total_loss ap/ap_all
tag: loss/total_loss tag: test_loss/total_loss tag: ap/ap_all

Hinh 5. Két qud hudn luyén va kiém tra mang no-ron ARTRNEet.
Hinh 6 thé hién két qua nhan dang muc ti€u ra da mang no-ron ARTRNet hién thi trén man
hinh giao dién nguoi — may. Hai hinh bén trai cung lan lugt bi€u dién tin hi€u dau vao mang no-
ron trén truc cy ly — tan so va truc cu ly — phuong vi, hinh bén phai cung la tin hi¢u video cung
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v6i thong tin nhan dang myc tiéu cia mang no-ron dé xuat ARTRNet. Thong tin vé vi tri va kiéu
loai myc ti€u tir mang no-ron dugc thé hién bdi bounding box va thong tin nhan muc tiéu.

Range-Doppl
5o Range-Doppler

Range-Azimuth

Cartesian

50

ranoz (m)

0 0 0 =
1365 0 6513 85.87 42,93 [ 42.93 85.87 50 25 0 25 50
velocity (m/s) angle (degrees) X (m)

Hinh 6. Két qud nhdn dang muc tiéu ra da mang no-ron ARTRNet
hién thi trén man hinh giao dién nguoi — may.
5. KET LUAN

Bai béo da d¢ xuat mot md hinh mang no-ron hoc sau, dat tén 1a ARTRNet cho bai toan tw dong
nhan dang muc tiéu ra da FMCW. Bén canh do, tac gia dé xuét mot cai tién ham mét mat trong qua
trinh huan luyén mang no-ron gitp nang cao chét luong nhan dang myc tiéu. M6 hinh mang no-ron
hoc sdu ARTRNet cho két qua nhan dang muyc tiéu ra da vé6i dir lidu dau vao mang thong tin cu ly —
phuong vi — tin sé ctia muc ti€u v6i d6 chinh xac trung binh mAP = 56.5%. Két qua nghién ctru
clia bai bao 1a tién dé tac gia tiép tuc nghién ciru, phat trién cac ndi dung khac trong viéc sir dung
mang no-ron nhan tao giai quyét cac bai toan trong linh vuc xir Iy tin hiéu ra da.

Loi cam on: Nghién ciru thiét ké ti may tinh trung tam 394MB01-M trén co sé linh kién méi cho ddi ra
da KASTA-2E2
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ABSTRACT

Proposed deep neural network ARTRNet
for automatic target recognition for FMCW radar

In this paper, we propose a deep learning neural network (named ARTRNet) that
automatically recognizes radar targets based on the characteristic signature of radar
cross section and Doppler frequency of target in the reflected signal. The raw data input
to ARTRNet is 3D formatted with distance - azimuth - frequency information. The author
proposes an improvement of the loss function in the neural network training process to
improve the target recognition performance of the model.

Keywords: FMCW,; Radar; Range; Azimuth; Doppler; Object detection; Deep learning.
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