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TOM TAT
Trong bai bdo nay, ching téi dé xudt xdy dung mgt mé hinh mang no-ron ¢é cdu tric
Residual-Inception két hop (dat tén la RINet) va sir dung ham mat mdt Focal Loss nhdn trong so
trong qud trinh huan luyén dé tien hanh nhdn dang muc tiéu ra da dva trong dataset RAD-DAR.

MG hinh RINet két hop ham mat madt dé xudt c6 dé chinh xdc nhdn dang muc tiéu trung bi nh la
98.72%, trong do, xac suat nhdn dang dung UAV lén dén 99.81%.

Tir khéa: UAV; Két ndi tit; Him mat mat; Nhan dang muc tiéu ra da; Hoc sau.
1. PAT VAN BPE

May bay khong nguoi 1ai (UAV: Unmaned Aerial Vehicles) dang duogc st rong rai linh vuc
dan sy va quan su [1, 2]. Trong céc cudc chién tranh hién dai, viéc sir dung UAYV da lam thay doi
hoan toan cach thirc tién hanh céc cudc xung dot vii trang. Loai vii khi nay ddm trdch cac nhiém
vu khé khin hon, gdm diéu phdi hanh dong cua luc lugng mit dat, diéu chinh muc tiéu cua phéo
thu trén mdy bay c6 nguoi lai va phao binh, xac dinh hé thong phong khong cua d6i phuong va
ném bom hoic tin céng cam tir cic muc tiéu trén mat dat. Vi vay, viéc phat trién cac thiét bi co
kha ning phat hién va canh bao UAV 1a van d& mang tinh cép bach.

Céc hé thong ra da da dugc ching minh 1a mot giai phap t6t cho viéc phat hién sém muc tiéu
UAV [3]. Trong do, phan loai muc ti€u UAV v6i cac myc ti€u khac 1a rat quan trong [3-5] dé co
bién phap ddi pho voi may bay khong nguoi lai, chang han nhu bat hé thong gay nhidu, ché ap
UAYV hoac kich hoat cac hé thong danh chan.

Trong tac chién thyuc té, gid phai tra khi bo sot muc tiéu UAV (nhan dang nhdm muc tiéu
UAYV thanh loai muyc tiéu khac) 16n hon rat nhiéu so véi truong hop khac. Vi vay, bai bao nay dé
xudt giai phap dé 1am ting x4c suit nhan dang ding ddi véi muc tiéu UAV. Chung t6i dé xuét
md hinh mang no-ron RINet v6i ham mét mat Focal Loss nhan trong s dé tién hanh huén luyén
va nhan dang muc tiéu ra da trén tap dir liéu dataset RAD-DAR. Céc chi sd: do chinh xac, kich
thuéc mé hinh va thoi gian tinh toan dugc st dung dé so sanh chat luong ctia giai phap dé xuat
v6i cac md hinh mang no-ron trong cong trinh nghién ctru khac da cong bo.

Noi dung tiép theo cua bai bao dugc trinh bay theo bd cuc sau. Phin 2 md td mé hinh mang
no-ron RINet dé xuét két hop v6i ham mat mat Focal Loss nhan trong sb. Su so sanh chit luong
nhan dang myc ti€éu cia mo hinh dé xuét v6i cac mo hinh khac va danh gia tinh hi€u qua cta viéc
cai tién ham mat mat duoc trinh bay & phan 3. Cudi cung, phin 4 trinh bay két luan va hudng
phat trién tiép theo cua bai bao.

2. PE XUAT MO HINH MANG NO-RON

2.1. M0 hinh RINet

) bé tiér} hanh nhén dang muc ti€u ra da tur tdp dit licu RAD-DAR, mang no-ron RINet 1a su
két hop cau tric Inception [8] va ResNet [9] dé dugc xdy dung trong nghién ctru nay. Nhu mo ta
trén hinh 1, m6 hinh RINet bao gom 3 khoi chinh: khoi dau vao, khoi trich xuat dac trung va
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khéi dau ra. Khéi dau vao co kich thude 1a 11x61 diém anh tuong tng voi kich thuéce anh cua
tap dir li€u RAD-DAR.’ O tang trich xuat dac trung, mo hinh RINet bao gom 3 khoi Residual-
Inception (R-I block) két noi song song vdi nhau.
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Hinh 1. M6 hinh mang no-ron RINet dé xudt.

Khéi R-I ¢6 cAu tric 1a su két hop gitra cdu tric Inception va Residual. M&i md dun inception
trong khdi R-I bao gdm 2 bo tich chap song song, ddu va va dau ra cia mé dun duoc thuc hién
phép két ndi tit theo cAu trac Residual. S6 bd loc cua cac bo tich chap 1a 32, kich thie bd loc cua
2 nhanh tich chép tuong tng 1a 1xk va kx1 (bd loc 1 chiéu). Viéc lira chon kich thuéc cua cac bo
loc 1a 1xk va kx1 thay vi cac bo loc kxk s& lam giam s6 lwong tham s huén luyén ciia mang no-
ron. Kich thudc cta bo loc (k) trong 3 khdi R-I trong md hinh RINet nay duoc thiét 1ap twong
ung la 3, 5, va 7. Viéc su dung cAu trac Inception va Residual va cac b loc c6 kich thudc khac
nhau trong khéi tich chap gitip cai thién do chinh xac phén loai cia mang no-ron so véi cic ciu
trac mang no-ron khac [10].

Tai khéi dau ra, cac phép tinh avgPooling, Normalization dugc thyc hién trudc khi hop nhét
(dense) v6i ham kich hoat softmax. Kich thudc dau ra 16p dense 14 3 twong tmg véi 3 loai muc
tiéu ma mo hinh can nhan dang.

Véi tin hiéu dau vao Sin cho 16p du vao, ching ta c6 thé thu duoc dau ra cia khdi R-1 theo
phuong trinh sau:

Sax = (Sin+ (Foa(Sin) + Fuu (S,))) 1)
Trong d6, Fia VA Fiu 12 két qua dau ra ctia phép tich chap véi kich thude cia bo loc 13 kx1 va
1xK, o 1a phép tinh cua ham kich hoat ReLU.
Ham kich hoat str dung trong cac khoi R-I'la ham ReLU (Rectified Linear Unit) nhu mo ta &
cong thtrc (2) dugc st dung dé kich hoat dau ra moi khoi R-1.
Y = Max (0; x) 2
Dir liéu dau ra cuoa 3 nhanh tich chép R-I Block s& duoc s& duge xép trong tai 16p
(Concatnate) theo cong thure 3 trudce khi chuyén dén khoi dau ra tien hanh nhan dang muc tiéu.
Feoncat = I:S;ut ' Sozut ' Sosut] 3)

Mot sb dic trung cia md hinh RINet gitp nang cao chit lugng nhin dang muc tiéu nhu sau:
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- Str dung cac khdi tinh tich chip song song theo céu} triic Inception st dung cac bd loc kich
thudce cia bd loc khac nhau s€ lam tang kha nang trich xuat dugc cac dic trung tur anh dir li€u vao.

- RINet str dung cac bo loc ¢ kich thl{éc lr*k va k*1 thay vi cac bg loc kich thudc k*k trong
mo hinh s€ lam gidm so lugng cac tham s6 huan luyén ciia mang no-ron.

- M6t wu diém khac ctia mo hinh RINet 1a tranh duge van dé& khong hoi tu (vanishing
gradient problem) va overfitting thong qua viéc sir dung cau truc Residual.
2.2. Tap dir lidu va thiét 1ap thir nghiém

He¢ thong ra da duoc str dung dé thu thap tap dir liéu RAD-DAR (Radar with Digital Array

Receiver) la mét ra da phat tin hiéu F MCW bing X ¢6 1 an ten phat, 8 anten thu, tan sb trung
tam 8.75 GHz, d6 di tan 200 MHz [5
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Hinh 2. Mdu muc tiéu ra da dang heatmap 2D (anh bén trdi) va 3D (dnh bén phdi).

B dataset ndy bao gom 17.485 anh muc tiéu trén mién cy ly — van téc Doppler duoc gan
nhan twong ung 3 loai muc tiéu: ngudi di bo, 6 t6 va UAV. Dit liéu mau mdi myc tiéu duge luu &
mot file c6 dinh dang .csv c6 kich thude 11 x 61 diém anh (11 diém anh trén truc cu ly, 61 diém
anh trén truc tan sb Doppler). Gia tri tai moi diém anh thé hién cong sut cua tin hiéu thu duge
tai 6 dir liéu twong ng véi don vi do la dBm. Cuong d6 tin hi¢u phan xa vé ciia muc tiéu trong
tap dir liéu c6 gia tri nam trong khoang tir -140 dBm dén -70 dBm. Hinh 2 thé hién miu muc tiéu
UAV trong bo dit liéu & dang heatmap 2D va 3D, vé6i 3 truc x, y, z tuong tng thé hién: tan sd
Doppler, cy ly va bién do. Trong téng s6 17.485 mau dit liéu, 6700 miu muc tiéu nguoi di b,
5720 mau muc tiéu 6 t6 va 5065 mau muc tiéu UAV tuong tng véi ty 1é phan trim la 38,32%,
32.71% va 28.97%.

2.3. Sir hAm mit mat Focal Loss nhan trong sb

Mang no-ron dugc huan luyén thong qua sir dung cac thuét toan toi wu dé diéu chinh cac hé
s6 trong lwong theo mot quy lut didu chinh nhét dinh (thudng 14 phuong phap Gradient Desent).
La mot phﬁn cua thuat toan ti wu, gia tri 16i cua trang thai mo hinh hién tai phai dugc tinh toan
mot cach lién tuc. Him mat mat (loss function) chinh 1a mot ham toan hoc dé tinh gia tri 16i, tir
gia tri 16i nay cac thuat toan t8i wu s& tién hanh cap nhat lai cac trong ) mang no-ron dé dam bao
gi4 tri 151 d6 giam dan trong cac 1an danh gié tiép theo. Lya chon ham mat mat phu hop trong qua
trinh huan luyén s& gop phan ning cao hiéu nang cho mé hinh mang no-ron hoc sau. Trong cac
bai toan phén loai myc ti€u, ham mét mat Cross Entropy nhu mé ta & cong thirc (4) thuong duoc
sir dung dé huan luyén mang no-ron.

CE(p,) =—log(p,), (4)
Trong do, p, la xac suét du bao cho 16p ddi twong t. Trong Cross Entropy ta thdy rang vai tro
dong gop vao loss function cua céc class cung bang.

Khi xay ra hién tugng mat can bang, ching ta muon rang mo hinh s€ du bao chuan hon doi
v&i nhiing class thiéu s6. Do d6, can mdt ham loss function hi¢u qua hon, cé thé di€u chinh duoc
gia tri phat 16n hon néu dyu bao sai doi véi nhom thi€u s6. Muc dich 1a dé han ché du bao sai
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nhom thiéu s vi néu dy bao sai nhém thiéu s6 thi ham loss function s& tré nén 16n hon. Tac gia
Tsung-Yi va cac cong su da dé xuat ham mat mat Focal Loss, diy 1a mt sy di€u chinh trong
ham Cross Entropy dé giai quyet tri¢t dé anh hudng ctia mat can bang dir liéu [6].

FL( pt) =—, (1_ pt)y Iog(pt) (5)

Trong do, o, = 1a h¢ sb diéu chinh dé can bang ham Cross Entropy voi f, 13 tan suét

fi+e
cua doi tuong t, &la mot s6 duong rat nhé duoc cong thém dé tranh phép chia 0, (1- p) la
phan tir nhan thém ctia ham Focal Loss, y thuong dugc chon trong khoang tir 0 dén 5. Phan tur
(1- p,)” trong ham Focal Loss c6 tac dung rat 1on trong viéc diéu chinh anh huéng ctia nhan 1én
ddng thoi loss function va gradient descent.

Trong trudong hop cia bai bao, tap dir liéu RAD-DAR co ) luong 3 loai muc ti€u xe 6 to,
ngudi di b va UAV tuong ddi can bang, chinh vi vy, thanh phan ¢, va (L- p,)” trong cong thirc
(5) ¢6 tac dong nho dén gid tri ham mat mat. Dé cai thién xac suat phat hién ding cho 16p muc
tiéu UAV so voi hz}i loai muyc tiéu con lai, chung t6i d€ xuat thay doi sir dung ham mat métv Focgl
Loss nhén trong s6 nhu mo ta ¢ cong thirc 6, ky hi¢u la Weighted Focal Loss (WFL) dé huén
luyén md hinh hoc sdu RINet da de xuat dung.

WFL(p,) = -~ p,)’ log(p,) (6)
ZWt

t=1

Wt
N

2w,
t=1

muc tiéu t. Bai bao x4y dung ham mit mat WFL bang ngon ngir 1ap trinh Python, cac gid tri wi 12
cac hé s6 dau vao co thé diéu chinh. Cu thé, bai bao thiét 1ap hé sb uu tién W clia ba muc tiéu:
nguoi di bo, UAV va 6 t6 lan luot 1a (1, 3, 1), twong Gng gia tri uu tién trong cong thirc (6) ba
muc tiéu trén 13 (0.2, 0.6, 0.2). Ham mat mat WFL bai bao dé xuét 1a sy diéu chinh tir ham méat
mat Focal Loss dé vira giai quyét duoc van d& mét can bang dir liéu vira 1am ting xac suit nhan
dang dang v&i 16p muc tiéu quan trong so vai cac muyc tiéu con lai.

3. KET QUA VA THAO LUAN

, V&1 wt hé so uu tién cua 16p

Trong d6, hé o, duoc thay thé bang gid tri wu tién thiét lap

Pé danh gia két qua nhan dang muc tiéu ciia mé hinh mang no-ron RINet dé xuat véi ham
mAit mat Focal Loss nhan trong sd, chung t6i tién hanh so sanh mé hinh dé xuit véi mé hinh
DopplerNet, CNN-32DC va md hinh MobileNetVV2. M6 hinh DopplerNet va CNN-32DC la hai
mod hinh da dugc xay dung trong cac cong trinh nghién ctru [5] va [7] dé tién hanh nhan dang
muc tiéu trén cung tap dir liéu RAD-DAR. M6 hinh MobileNetV2 la mot mé hinh pretrained c6
cAu truc residual rat gon cho hiéu nang nhan dang cao trong thu vién cta framework Tensorflow.
Céc két qua duoc tinh trung binh ctia ba 1an chay huan luyén mang no-ron.

Hinh 3 téng hop su so sanh ctia m6 hinh dé xuét v6i cac mod hinh khac dua trén cac tiéu chi
danh gid: 6 chinh xac, kich thuéc mo hinh va thoi gian nhan dang. M6 hinh MobileNetV2 co
kich thu6c mé hinh 16n nhat (2.586 triéu tham sd), thoi gian dy doan 16n nhat (9.1 ms) nhung c6
d6 chinh xac nhan dang thap nhit (97.08%). M6 hinh CNN-32DC c¢6 kich thuéc mé hinh nho
nhit (0.195 triéu), tbc d6 nhan dang nhanh nhit (2.68 ms), tuy nhién, do chinh xac chi dat 1a
97.6% thap hon mé hinh DopplerNet va RINet. M6 hinh DopplerNet co kich thudc nho hon va
tbc do nhan dang nhanh hon mé hinh RINet dé xuét, thé nhung do chinh xac nhin dang ciia md
hinh nay nhé hon cac mé hinh RINet. Ba mé hinh RINet c6 kich thudc nhu nhau (1.382 triéu
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tham sé) va thoi gian nhan dang muyc ti€u gﬁn nhu nhau. Trong d6, mo6 hinh RINet voi ha‘up mat
mat Focal Loss dat d chinh xdc cao nhat (98.90%) so v61 md hinh RINet sir dung ham mat mat
Cross Entropy (98.64%) va mé hinh st dung ham Focal Loss nhan trong s6 (98.72%).
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Hinh 3. So sdnh chdt lwong ciia mé hinh d@é xudt véi cac mé hinh khdc.

Do chinh x4c nhan dang muc ti€éu cia m6 hinh RINet dé xuét véi ham mét mat Focal Loss
nhan trong s6 chi thip hon 0.018% so véi mo hinh RINet + Focal Loss. Tuy nhién, c6 thé thiy
trong bang 1, md hinh RINet + Weighted Focal Loss vdi hé s6 nhan trong lugng cda 3 loai muc
tiéu (6 t6, UAV, ngudi di bo) lan luot 14 (0.2, 0.5, 0.2) cho xac suit nhan dang muc tiéu UAV
cao nhat twong tng 14 99.81%.

Bdng 1. So sanh do chinh xdc nhdn dang cua cac mé hinh mang no-ron.

Mo hinh mang no-ron D¢ chinh xdc nhin dang
Trung binh Ot Nguoi di bd UAV

DopplerNet + Cross Entropy 98.56% 98.22% 99.34% 98.13%
CNN-32DC + Cross Entropy 97.60% 97.57% 99.64% 95.63%
MobileNetV2 + Cross Entropy 97.08% 97.20% 98.36% 95.67%
RINet + Cross Entropy 98.64% 98.51% 99.06% 98.36%
RINet + Focal Loss 98.90% 98.62% 99.58% 98.52%
RINet + Weighted Focal Loss 98.72% 97.21% 99.15% 99.81%

Chung t6i tién hanh hudn luyén cac moé hinh mang no-ron dé xuit trén tap dit liéu RAD-DAR
v6i ty 1¢ 80% dir liéu cho qua trinh huén luyén va 20% cho qué trinh kiém tra. Cac tham s huin
luyén khac dugc thiét lap nhu sau: gia tri batch size dugc thiét lap 1a 64, toc do hoc
learning_rate ban dau 1a 0.001 (giam 90% sau mdi 30 vong lap epochs). Thuit toan dirng huén
luyén sém (Early Stopping) dugc ap dung dé két thuc qua trinh huan luyén khi sau 5 chu ky chay
huén luyén (epochs) ma khong c6 sy cai thién vé d0 chinh x4c ctia md hinh. Cac md hinh mang
no-ron dugc xay dung bang ngdn ngir 1ap trinh Python, s dung framework Tensorflow. Cac mé
hinh dugc hudn luyén va kiém tra trén nén tang phan cing GPU cua may tinh v6i cdu hinh: chip
xtr 1y Intel Xeon E5-2678 v3 CPU, card man hinh RTX 3060 GPU, Ram 32GB.
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4. KET LUAN

Bai bao dé xuit mo hinh mang no-ron RINet dé tién hanh nhan dang muyc ti€u dya vao dau
hiéu tan sé Doppler cua tap dir liéu RAD-DAR. M6 hinh RINet dé xuat c6 do chinh x4c nhin
dang muc tiéu cao hon so vdi cdc mé hinh DopplerNet, CNN-32DC va MobileNetV2. bé nang
cao Xac suét phat hién dung ddi voi muc tiéu 1a UAV so véi cac muc tiéu khac, bai bao dé xuat
sir dung ham mat mat Focal Loss nhan trong s6. Két qua 1a mo hinh RINet str dung ham mat mat
Focal Loss nhan trong s6 cho d6 chinh xac nhan dang muc ti€u trung binh 1a 98.72%. Trong do,
muyc tiéu UAV dugc nhan dang chinh xac véi ty 1€ 99.81%.
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ABSTRACT

Solutions to increase the probability of the accuracy of UAV recognition target
based on artificial intelligence

In this article, we propose to build a neural network model with a combined Residual-
Inception structure (named RINet) and use the weighted Focal Loss loss during training to
perform radar target classification based on the RAD-DAR dataset. The RINet model
incorporating the proposed loss function has an average target classification accuracy of
98.72%, in which the probability of correctly identifying the UAV is up to 99.81%.

Keywords: UAV; Residual; Loss function; Radar target recognition; Deep learning.
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