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Nghién clru danh gia hiéu qua cua cac mang nhan tao hoc sau
trong nhan dang cac tin hiéu ra-da

Research on evaluating the performance of deep learning networks
in radar signal recognition
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Trwong Pai hoc Cong nghiép Ha Noi
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Tém tat

Cung v&i sy phat trién cta khoa hoc cong nghé, tri tué nhan tao (Artificial Intelligence - Al) da va dang duoc
¢ng dung réng rai trong linh vwc dan sw va quan sw. Dac biét trong linh viee quan sw, cé nhiéu ciu tric mang
nhan tao da dwoc dé xuit dé gidi quyét bai toan nhan dang céac tin hiéu ra-da. Cac mang nhan tao duwoc
xay duwng twong déi doc lap va dwa trén cac y twdng thiét ké riéng va chwa cé nghién ctru tdng quan nao
dé danh gia hiéu qua cla tirng mang néi trén. Chinh vi vay, trong bai bao nay tac gia tién hanh mé phéng,
so sanh va danh gia hiéu quéa clia cac mang nhan tao nhw: SqueezeNet, AlexNet, Darket-53 va DenseNet-201
cho bai toan nhan dang tin hiéu ra-da. Két qud mé phdng cho thdy, véi cung mét tap div liéu diu vao céac
mang ndi trén yéu cau thdi gian huén luyén twong dwong nhau nhuwng mang AlexNet cho dé chinh xéac cao
nhat (P = 87,5%), tiép theo 1a DarkNet-53 (P = 85,62%), DenseNet-201 (P = 84,32%) va do chinh xac thap nhat [a
mang SqueezeNet (P = 75,0%).

Twr khéa: Mang hoc séu; dé chinh xac nhan dang; thoi gian huén luyén; ma trén danh gia.

Abstract

Artificial intelligence (Al) is widely used in civil applications such as: target recognition, object recognition,
automatic flight control or natural language processing. In military applications, Al is also used for classifying and
recognizing radar signals. Nowadays, there are different deep learning networks used for solving these problems
such as: SqueezeNet, AlexNet, DarkNet-53 and DenseNet-201. This paper compares the performance of these
networks by simulated radar signals in MATLAB environments. The simulated results showed that all network
required the same training time. However, the AlexNet provided the highest accuracy (P = 87.5%), following
by DarkNet-53 (P = 85.62%), DenseNet-201 (P = 84.32%) and the lowest accuracy was provided
by SqueezeNet with P = 75.0%.

Keywords: Deep learning network; recognition accuracy; training time; confusion matrix.

1. DAT VAN BE SquezeNet va cac cai tién cia né [3-4]. Trong céac
nghién ctru [5-6], cAu truc mang AlexNet da duoc dé
xuét va st dung trong bai toan nhan dang cac db vat.
CAu tric mang gém c6 8 Iép hoc sau va st dung anh
dau vao co kich thwéc 227x227x3 va nhan dang déng
thoi dwoc 1000 loai d6 vat nhw: Ban phim, chuét may
tinh, but va cac déng vat. Nam 2018, Joseph Redmon
da dé xuét clu trac mang DarkNet-53 [7-8], day la
phién ban cai tién so véi cac cu tric DarkNet-19
va DarkNet-21 dé& nang cao kha nang phat hién dbi
twong. Ngoai ra, DarkNet-53 dwoc thiét ké véi muc
dich can béng gitra téc dd va do chinh xac dé cho né
phu hop véi cac rng dung phéat hién déi twong theo
Nguwoi phan bién: 1. GS.TSKH. Tran Hoai Linh gioi gian thwc. Trong cac nghién ctu [9-10], nhom

2.TS. Bé Van Dinh tac gid da dé xuét s dung mang DenseNet-201 dé

Trong nhirng nd3m gan day, rng dung tri tué nhan tao
vao linh viec quan sy da va dang dwgc nhan duoc
nhiéu sw quan tdm clGa cac nha nghién ciru trong,
ngoai nwéc. Bac biét trong linh vyc tac chién dién
t& nhu: Hé théng tw dong trinh sat phat hién, nhan
dang, bam va theo ddi muc tiéu hay hé théng tw déng
gay nhiéu [1-2]. M6t trong nhi*ng (rng dung dau tién
trong linh vuc trinh sat dién t& phai ké t&i 1a nhan dang
cac tin hiéu ra-da va théng tin. Mang hoc sau dau tien
dwoc st dung dé nhan dang cac tin hiéu naéi trén la

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 1 (88) 2025 S
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nhan dang cac dd vat. DenseNet-201 bao gdm 201
I&p va dau vao la anh RGB ¢ kich thudc 224x224x3.
DenseNet-201 da hoc dwoc cach biéu dién tinh ndng
phong phu cho nhiéu loai hinh anh. Nhw da dé cap &
trén, cac cau tric mang nay da dwoc huén luyén va
kiém chirng trong bai toan nhan dang cac dd vat voi
céac tap dir liéu dau vao khac nhau. Trén thyc té, chua
c6 nghién ctu nao danh gia chi tiét hiéu qua cua cac
cau truc mang nadi trén trong bai toan nhan dang cac
tin hiéu ra-da va théng tin. Vi vay, bai bao nay tién
hanh khao sat va danh gia hiéu qua cltia cac clu tric
mang dé xuét trong nhan dang céc tin hiéu ra-da. Bo
tham sé dwoc siv dung dé danh gia cau tric mang bao
gbm: D6 chinh xac nhan dang, thei gian huén luyén.

B cuc cla bai bado gébm cé cac phan chinh nhuw sau:
MO hinh nhan dang tin hiéu ra-da dwogc trinh bay &
phan 2. Phan 3 téng hop, so sanh va danh gia hiéu
qua cla cac cau tric mang. Két luan téng quan dwoc
tdng hop trong phan 4.

2. MO HINH HE THONG NHAN DANG CAC TiN HIEU
RA-DA

Mang
nhan tao

| Trich xuat
dac trung

Y

Tin hiéu

Hinh 1. M6 hinh nhén dang tin hiéu ra-da st dung
tri tué nhan tao
So db cu tric chung cla hé théng nhan dang tin hiéu
ra-da str dung tri tué nhan tao dwgc minh hoa trén
Hinh 1 va gdm c6 2 buéc chinh sau:

- Trich xuét d&c trwng cda tin hiéu trén ca hai mién thoi
gian - tan sb.

- Nhan dang tin hiéu bang cac ciu tric mang nhan tao.
2.1. Trich xuat dic trwng tin hiéu

Trong hé théng ra-da, cac ky thuat dwoc st dung dé
trich xuat d&c trwng tin hiéu trén ca hai mién thoi gian -
tan s6 bao gom: Bién dbi Fourier thdi gian ngén (Short
time Fourier transform - STFT) [11], phan bd Wigner-
Ville (Wigner-Ville distribution - WVD) [12] va bién
déi Wavelet lién tuc (continuous Wavelet transform -
CWT) [13]. Trong nghién ctru [14], nhém tac gid da
tién hanh so sanh, danh gia hiéu qua cua cac ky thuat
néi trén trong x& ly tin hiéu ra-da. Cac két qua cho
thay, WVD & ky thuat c6 kha nang x& ly dworc tin hiéu
c6 cong suat thap véi ti sb tin/tap (SNR) téi thiéu la
SNR = - 6dB. Tuy nhién, han ché ctia WVD la yéu ciu
thoi gian xt ly 16n. Nguoc lai, STFT cé tbe do xir ly
nhanh hon. Chinh vi vay, bai bao nay st dung ky thuat
STFT dé trich xuat dac trwng cla tin hiéu. STFT cla
tin hiéu s(t) dwoc biéu dién theo cong thirc (1).

X(to)= | x(t)w(t-c)e ot

—00

Trong dé:
w(t) Ia ham ctra sb va thwong la cac ham Hann hodc
Gaussian;
T la khoang th&i gian lap;
o = 2xtf biéu dién tan sb gdc cla tin hiéu.

w0 Short-Time Fourier Transform

400

300 F

£ (MHz)

200

Magnitude (dB)

100

t( s)
n

Hinh 2. Két qua tinh STFT

Hinh 2 biéu dién két qua tinh STFT cua tin hiéu didu
tan tuyén tinh (LFM) v&i SNR = 0dB. Két qua mé phdng
cho thay, STFT c6 thé trich xuat d&c trwng cla tin hiéu
LFM vé&i mirc cong suét thap (dworng mau vang).

2.2. Cau tric mang nhan tao

Nhw da dé cap bén trén, bai bao sir dung cac mang
hoc sau nhu: SqueezeNet, AlexNet, DarkNet-53 va
DenseNet-201 dé nhan dang tin hiéu déng thoi so
sanh hiéu suat ctia ching. Cac tham sb cla cac cau
tric mang trén dwoc tdng hop trong Bang 1. Bang 1
cho thdy cac cau tric mang déu nhan dir liéu dau vao la
anh thoi gian-tan sb cla tin hiéu. Mang DenseNet-201
c6 céu truc phirc tap nhét (708 I16p) va mang AlexNet
c6 cAu tric don gian nhét (25 16p). S lwong 16p tich
chap tac dong truc tiép dén thoi gian huan luyén va
hiéu qua nhan dang cua tlrng mang.

Bang 1. Tham sé ctia mang hoc séu

Mang hoc sau Kich thuwéc T‘cxm’g Kich thwéc

: ; dauvao |solép| mang (MB)
SqueezeNet 227%227%3 68 5,20
AlexNet 227%227%3 25 227,0
DarkNet-53 256x256%x3 | 184 155,0
DenseNet-201 224x224x3 | 708 77,0

3. KET QUA MO PHONG

Trong bai bao nay, tac gia tap trung danh gia hiéu qua
cla cac mang hoc sau néi trén cho bai toan nhan dang
cac tin hiéu nhw: Xung ra-da, tin hiéu lién tuc (CW),
LFM, Barker, Frank, ma P va ma Zadoff-Chu [15-16].
Cac buéc md phéng bao gdm co:

- Xay dwng co s& di liéu cac tin hiéu ra-da.

- Huén luyén cac mang hoc sau néi trén.

6  Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, 56 1 (88) 2025



LIEN NGANH DIEN - DIEN TU - TU DONG HOA

- Danh gia hiéu qua cla cac mang hoc sau da
huén luyén.

So dd tdng quan clia qua trinh md phéng danh gia
hiéu qué cac cAu tric mang ndi trén dwoc trinh bay &
Hinh 3.

SqueezeNet —l

AlexNet > )
Tin hiéu (> STFT { bo chinh xéc,

thoi gian
DarkNet-53

N
DenseNet-201 41

Hinh 3. So db khéi danh gia hiéu qué céc cau tric
mang nhén tao hoc séu

3.1. Co s& dir liéu

Trong bai bao nay, cac dang tin hiéu dwoc st dung dé
danh gia hiéu qua cia mang nhan tao bao gém: Xung
ra-da, CW, LFM, Barker, Frank, ma P va ma Zadoff-
Chu. Tham sé cla cac ma diéu ché pha duoc tong
hop trong Bang 2. Cac tham sé co ban dé xay dung
co s& div liéu dwoc liét ké trong Bang 3.Tham sé cua
STFT dwoc ghi trong Bang 4.

Bang 2. Tham s6 tin hiéu méa héa pha

Dang tin hiéu Do dai ma hoa
Barker 7,11,13
Frank 9,16, 25
Ma P (P1, Px) 9, 16, 25
Ma Zadoff-chu 9, 16, 25

Bang 3. Tham sé dé xay dung co sé diF liéu

Tham s6 Gia tri
Tan s6 l4y mau (MHz) 1.000
Tan sb séng mang (MHz) 50 dén 100
Do rong xung (us) 0,1 dén 25
S6 tin hiéu/dang didu ché (-) 1000
Ti s6 SNR (dB) -10 dén 20
Dang nhiéu (-) Tap chuan tréng

Bang 4. Tham sé cua ky thuat STFT

Tham sé Gia tri
S6 diém FFT 2048
Ham clra sb Hann
Do dai ham ctra sb 256

3.2. Huan luyén mang nhan tao

Dé& huén luyén cac cAu tric mang da dé cap & trén, tac
gid str dung may tinh ASUSVivoBook c6 cac tham sbé
nhw sau: RAM 8GB, chip Intel core i7 13900, téc d6
x® ly t6i da 2,3 GHz. C& s& dir liéu dwoc chia thanh
3 phan chinh: 75% s dung d& huén luyén cac mang,
15% cho kiém tra va 15% dé danh gia. Cac tham sé dé

huén luyén mang dwoc thdng ké trong Bang 5. Tac gia
s dung phan mém MATLAB 2021b va cac thw vién
hoc sau (deep learning toolbox) dé tao ra cac tap tin
hiéu ra da (1000 mau cho tng tin hiéu). Tap tin hiéu
dwoc dwa va huan luyén va danh gia hiéu qua cta cac
cAu tric mang. Ngoai ra, diéu kién dé& dirng qua trinh
huén luyén 1a sau 500 l1an I&p.

Bang 5. Céc tham sb huén luyén mang

Tham sé Gia tri

Tbc dd huén luyén 0.001
Sé 1an 1ap tbi da 5
Tan xuét danh gia 5

3.3. So sanh danh gia hiéu qua cac mang nhan tao

D6 chinh xac, thdi gian huén luyén, ctia cac céu tric
mang néi trén dwoc tbng hop trong Bang 6.

Bang 6. Két qua so sénh céc cau tric mang

Mang Do chinh xac (%) Thei gian (s)
SqueezeNet 75,0 485
AlexNet 87,5 433
DarkNet-53 85,62 1.532
DenseNet-201 84,32 1.772

Cac két qua mo phéng trong Bang 6 cho thy, cau tric
mang SqueezeNet cé dd chinh xac nhan dang thap
nhét (P = 75%). Trong khi d6, cac cau truc mang con
lai c6 d6 chinh xac nhan dang twong dwong nhau
nhw la AlexNet (P = 87,5%), DarkNet-53 (P = 86,62%)
va DenseNet-201 (P = 84,32%). Ngwoc lai, mang
SqueezeNet va AlexNet can it thdi gian huén luyén
t = 433 (s) (gidm 1/4) so v&i cac cAu tric mang con lai
(t = 1532 s). Ly do dwa ra & day la mang AlexNet co
kich thwéc nhé va dwoc thiét ké véi muc dich dung
hoa gitra 6 chinh xac va thoi gian huén luyén. Chinh
vi vay, can c vao yéu cau bai toan thuc té& nén st
dung mang AlexNet dé& ddm bdo can bang vé mét
thoi gian cling nhw dd chinh xac. Trong thuc té cac
&ng dung can x& ly thdi gian thwe nén sir dung mang
AlexNet, d&c biét 1a cac rng dung lién quan dén trinh
séat va cap nhat ban dd tinh huéng dién tc.

s2.6% 2.0%

True Class
]

Px a2.1% 50.0% 244%

Zadoff-Chu 53% 50.0% 41.5%

. N . o3
S R w Vo N

Predicted Class

a)
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True Class
)

Zadoff-Chu

e S v V*«W
Predicted Class !
b)
Hinh 4. Ma trén danh gia: a) SqueezeNet;
b) AlexNet

Hinh 4 minh hoa ma tran kiém tra clGa cac ciu trac
mang SqueezeNet va AlexNet. Hinh 4a cho thy, ciu
tric mang SqueezeNet cé dd chinh xac nhan dang
thap nhéat déi véi tin hiéu ma Zadoff-Chu véi P = 41,5%
va cac tin hiéu ma P v&i dé chinh xac P= 50%. Trong
khi d6, clu tric mang AlexNet da khéc phuc dwoc
cac han ché cla mang SqueezeNet va da nang cao
dwoc dé chinh xac nhan dang tin hiéu Zadoff-Chu
(P =66,7%) va Px (P =88,9%). Tuy nhién, d6 chinh xac
nhan dang cac tin hiéu ma P1 con thap (P =42,7%)va
con nham 1an véi Px va Zadoff-Chu (P = 22,2%). Ly do
chinh dan t&i cac két qua trén |a cac tin hiéu ma P va
Zadoff-Chu twong dbi gibng nhau vé mat ciu tric va
ky thuat STFT khé phéan biét dwgc sw khac nhau gilra
céc tin hiéu. Ly do th 2 1a do s6 lwong tin hiéu mau
chwa da. Hinh 5 la vi du minh hga ma P1 va Px trong
trwdng hop khéng cé nhiéu.

MaP1

A (V)
—
—
—
—
—
——
—
——
—
——
—
—
—
—

ANV)
——
—
—
—
—
—
—
—

t( s)
14

Hinh 5. Vi du minh hoa ma P1 va Px

Hinh 5 cho thdy, ma P1 va Px c6 céu tric twong déi
giébng nhau (cung thoi diém thay déi pha - & chi
nhat mau dd) va chi khac nhau v& dd 16n cta cac
pha. Hinh 6 1a két qua tinh STFT cla cac tin hiéu P1
(Hinh 6a) va Px (Hinh 6b) v&i SNR = -3 dB. Hinh 6

cho thay trong trwérng hop tin hiéu c6 cong suét thap
(SNR = -3dB) ky thuat STFT cho két qua twong tw
nhau cla céc tin hiéu. T cac ly do trén, yéu ciu ciu
tric mang phai c6 d6 sau va kha nang loc tach dwoc
céac dac trwng cla tin hiéu.

Short-Time Fourier Transform

£(MHz)

Short-Time Fourier Transform

£(MHz)

b)
Hinh 6. Két qué STFT cda tin hiéu: a) P1; b) Px

4. KET LUAN

Trong bai bao nay, tac gid tién hanh mé phéng va
so sanh hiéu qua cla cac mang nhan tao trong giai
quyét bai toan nhan dang céc tin hiéu ra-da nhu la:
Xung, CW, LFM va céac dang tin hiéu ma hoéa pha.
Cac két qua mé phéng cho thdy cau tric mang
AlexNet cho d6 chinh xac nhan dang cao nhéat
(P = 87,5%) va déng thoi cho thoi gian huan luyén
ngén nhét (t = 433 s) so v&i cac cau tric mang con lai
nhw la: SqueezeNet (P = 75% va t =485 s), DarkNet-53
(P = 8562% va t = 1532s) va DenseNet-201
(P =84,32% vat = 1772s). Cac két qua trén cho théy,
mang AlexNet dwoc thiét ké dam bao ca vé thoi gian
va do chinh xac nhan dang.

Trong cac nghién ctru tiép theo, tac gia tién hanh téi wu
hoa cac tham sb cua STFT va kiém tra do chinh xac
nhan dang bang céac tin hiéu tr may phat va tir may
thu thuc té.
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ctru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nuéc.
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hoc thudc céc linh vuc: Dién - Dién tir - Tu dong hda; Co khi - Péng luc; Kinh té; Triét hoc - Xa hdi hoc -
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soan du'di dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tic gia ghi rd théng tin dia chi lién hé, sé
dién thoai, email va cap nhat thong tin trén website. Bai bao phai duoc trinh bay ding dinh dang, ré rang;
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4. Cac céng trinh thudc dé tai nghién ctru ¢6 Co quan quan ly can kém theo gidy phép cho céng bé cla co
quan (Tén dé tai, ma sé, tén chd nhiém dé tai, c3p quan ly,...).

5. Tén bai bao trinh bay bang hai ngén ngir (tiéng Viét va tiéng Anh), font Arial, c& chir 14, in dam, cin gilra.
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8. Chir “Tir khéa” in dam, nghiéng, font Arial, c& chir 10; C6 tir 03+05 tir khéa, font Arial, c& chir 10, in
nghiéng, ngan cach nhau bai dadu cham phay, cudi cling 1a dau cham.

9. Noi dung bai bao viét bang tiéng Viét hoic tiéng Anh; Néu I3 bai bao viét bing tiéng Viét: Tiéu dé tiéng
Viét trudc, ti€ng Anh sau; Tom tat tiéng Viét trudc, tiéng Anh sau; Tir khoa tiéng Viét trudc, ti€ng Anh sau;
Néu |3 bai bao viét bang tiéng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tom tat tiéng Anh trudc, tiéng
Viét sau; Tir khoa tiéng Anh trudc, tiéng Viét sau.
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phai ré rang, du nét va dugc dinh dang duéi dang file anh (*.jpg); Phuong trinh, cong thic phai soan thao
bing Mathtype hodc Equation; Phan ndi dung bai bao dugc chia thanh 02 c6t, khoang cach cét 1a 1cm;
Trong truding hap hinh vé, hinh anh cé kich thudc I6n, bang biéu cé dé réng I6n hoic céng thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 c6t.

11. Tai liéu tham khao dugc sip xép theo th tu tai liéu duoc trich dan trong bai bao.

- Néu la sach/luan an: Tén tac gia (ndm), Tén sach/ludn an/luan vin, Nha xuit ban/Trudng/Vién, [an xuat
ban/tai ban.

- Néu |2 bai bdo/béo cao khoa hoc: Tén tac gia (ndm), Tén bai bao/béo céo, Tap chi/Hi nghi/Hbi thao, Tap/
Ky yéu, so, trang.

- Néu I3 trang web: Phai trich dan day du tén website va dudng link, ngay cap nhat.

12. Pinhdangmaubaibaothamkhaotaidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé dugc céng bé trén http:/tapchikhcn.saodo.edu.vn.
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