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. proposed method. The simulation results showed that the Morse wavelet
Feature extraction function provided the highest accuracy in comparison with Cauchy and
Confusion matrix Bessel. The second stage provides comparisons with other networks such
as GoogleNet, ResNet, and VGG-16. Simulation results show that the
proposed algorithm has the highest recognition accuracy (85%), while
other methods are lower than 80%, and the network training time is
reduced Y2 in comparison with other networks.
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TU KHOA dung mang AlexNet dé nhan dang cac tin hi¢u néi trén. Higu qua cua
thuat toan dugc danh gia bang céac tin hiéu mo phong trén MATLAB.
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xac nhan dang cao nhét (85%) trong khi d6 cac phuong phap la <80%.
Ngoai ra, thudt toan dé xuat cho thoi gian huan luyén giam di /2 so v6i
cac cau triac mang da dugc dé xuat, huan luyén trong MATLAB.
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1. Gioi thigu

Hién nay khoa hoc cong nghé ngay cang phat trién, ddc biét 1a sy bung nd ciia tri tué nhan tao
(artificial intelligence — AI) trong linh vuc thong tin va truyén théng nhu: phét hién va nhan dang
muc tiéu, nha thong minh hay hé thong tu dong diéu khién [1], [2]. Thuc té d c6 nhiéu nghién
ctu ung dung tri tué nhan tao vao giai quyét bai toan nhan dang cac tin hiéu ra-da nhu
SqueezeNet [3], GoogleNet [4] hay cac mang no-ron tich chip (convolution neural network —
CNN) [5], mang c6 bd nhé ngan-dai han (long-short term memory network — LSTM) [6] hay
mang tich chép hai kénh (dual channel convolution neural network — DCNN) [7]. Céu trtc chung
cua cac phuong phap deé cép trén bao gém 02 phan chinh: Budc 1 st dung cac ki thuat phén tich
trén ca hai mién thoi gian- -tan sO dé trich xuét dic trung cua tin hiéu nhu: chudi Fourier thoi gian
ngan (short-time Fourier transform — STFT) [8], phan bé Wigner-Ville (Wigner-Ville distribution
— WVD) [9] hay bién dél Wavelet lién tuc (continuous Wavelet transform-CWT) [10]. Bude 2 st
dung anh thoi gian — tan s6 cta tin hiéu dé dua vao cac bo nhan dang (mang nhan tao). Chinh vi
vdy, d6 chinh xac nhan dang phu thudc truc tlep vao cac tham s6 nhu: ham cura so, d9 dai ham
ctra s6 hay s6 diém trén mién tan s va thoi gian cua cac ky thuét trich xuit dic trung. Cho nén
dé nang cao d6 chinh x4c khi nhan dang, yéu cu dit ra can giai quyét bai toan t6i uvu do 1a Iya
chon ham ctra 6, d6 dai ham cira sd va s diém FFT cua cac ky thuat phan tich tin hiéu. Trén
thue t& chua co bat ky nghién ctru nio giai quyét bai toan t6i wu cac tham sé noi trén. Hay néi
mot cach khac, chua c6 nghién clru nao danh gia mirc d¢ anh huong: ham cura s6, d0 dai ham ctra
50, s6 diém 1ay miu nén d6 chinh xac khi nhan dang tin hiéu.

Ngoai cac tmg dung ciia Al dé giai quyét bai toan nhan dang tin hiéu ra-da con ton tai cac
phuong phéap khac hién dang dugc cac khi tai trinh sat hay cac hé thong ra-da thu dong sir dung:
chudi Fourier (fast Fourier transform - FFT) va phd thac nuéc (waterfall plot -WFP) [11]. Uu
diém ciia phuong phép nay 1a thoi gian xtr Iy nhanh va c6 thé xu Iy dong thdi nhiéu tin hiéu. Han
ché cua no6 1a d6 chinh xéac phu thugc vao s6 diém 1ay mau va kho phat hién tin hiéu trong moi
truong nhiéu manh (t s tin/tap thap — signal to noise ratio (SNR)). Trén Hinh 1 minh hoa tin
hiéu mi Costas 3 va két qua tinh pho bién do véi s6 diém FFT khéac nhau.

w1 T . el . i i
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Hinh 1. Tin hiéu Costas 3 va phé bién d véi so diém FFT khdc nhau: (a) N = 2048 va () N = 8912

Hinh 1a cho thiy véi s6 diém ldy mau nhé (N = 2048), phuong phap FFT khong phan biét
duge cac tan s6 cia ma Costas. Mit khac, v6i s6 diém FFT 16n (N = 8912) thi FFT c¢6 kha ning
phan biét cac tan sé Costas hay néi cach khac c6 kha ning nhan dang tin hiéu. Ngoai ra, trong
nghién ctru [12] tac gia da d& xuét st dung bd loc trong quan dé giai quyét bai toan phat hién cac
tin hiéu c6 cong suat thap: tin hi¢u diéu tan tuyén tinh (linear frequency modulation — LFM) hay
diéu ché pha khoa nhi phan (binary phase shift keying — BPSK). Phuong phap dé xuét c6 thé
trinh sat, phat hién va nhan dang duoc cac tin hiéu noi trén véi SNR >-12 dB. Han ché 16n nhit
cua phuong phap str dung bd loc trong quan chinh 1a chi 4p dung dugc v6i mot s6 dang tin hiéu
nhit dinh, dai tan cong tac nho va phai biét truée cau trac tin hiéu. Trong thuc té, cac thiét bi thu
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trinh sat 1a cac thiét bi thy dong co6 dai tin cong tac 16n va khong c6 thong tin tién nhiém vé cac
dang tin hiéu. Chinh vi vy, cac hé thong trinh sat gap kho xay dung cac b loc tuong quan. bé
nang cao d) chinh xéc khi nhan dang va rtt ngan thoi gian hudn luyén mang dép tmg yéu ciu cua
trinh sat dién tr, trong bai bao nay tac gia dé xuAt mot thuat toan mdi cho nhan dang céc tin hiéu
ra-da st dung phan tich Wavelet va mang AlexNet. Thuét toan dé xuit bao gdm c6 2 phan chinh:
Phan mot st dung dé trich xudt dic trung tin hi¢u trén hai mién thoi gian-tﬁn sO str dung phan
tich Wavelet (analytic Wavelet transform — AWT). Budc 2 sir dung mang AlexNet dé nhan dang
tin hiéu. Hiéu qua cua thuét toan dé xuit duoc kiém ching bing phan mém MATLAB va so sanh
cac cAu trac mang da dugc huén luyén: GoogleNet, ResNet-50, VGG-16.

Céu tric bai bio gém co6 4 phan chinh: phan 2 trinh bay tong quan thu, trinh sat cac tin hiéu
clia dai ra-da thy dong va co so 1y thuyét xay dung thuat toan nhan dang tin hiéu. Cac két qua mo
phong, so sanh danh gia hiéu qua cua thuat toan duoc trinh bay ¢ phan 3. Cac két luan tong quan
va huéng nghién ciru méi duoc tong hop trong phan 4.

2. Phuong phap dé xuit
2.1. Tong quan chung Vé thu trinh sdt tin higu

Trong trinh sat dién tir, hé thong ra-da thy dong c6 vai trd quan trong, nd c6 kha nang giam sat
va nhan dang dong thoi nhidu myc tiéu (300 muc tiéu) trong dai tin cong tac tir 1 GHz dén 18
GHz [13]. Tin hiéu tai ddu vao mdy thu cua hé thdng thu dong duoc biéu dién bang biéu thuc (1):

r(t)=s(t)+n(t) (1)
trong d6 r(t) 1a tin hiéu tai ddu vao may thu thu dong, S(t) 1a tin hi¢u phét clia cic dai ra-da

hodc hé théng thong tin d6i phwong va n (t) 1a nhiéu.

t(us)
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Hinh 2. Tin hiéu Costas 3 va phé bién dé véi SNR = -6 dB: (a) N = 2048 va (b) N= 8192
Xac dinh Nhéan dang tin hiéu
dac trung tin hiéu
1 .| Phan tich Wavelet g Mang -
Tin hiéu ra da > (AWT) > AlexNet >

Hinh 3. So do cdu triic cia thudt toan dé xudt
Hinh 2 vi du tin hi¢u Costas tai dau vao may thu ctia hé thong thu dong véi SNR =—6 dB.

Hinh 2 2 cho thdy phuong phap FFT chi xac dinh dugc 1 tan s6 f; =20,02 (MHZ) va khong xac
dinh duoc cac tan s khac trong ca hai truong hop N = 2048 va N =8912.
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2.2. Co 56 ly thuyét ciia thudt todn dé xudt

So d6 téng cdu tric tong quan cia thuat toan dé xuit duogc trinh bay trén Hinh 3. Thuit toan
bao gdm cac bude:

- Trich xuat dic trung tin hiéu trén ca 2 mlen thoi glan-tan s6 str dung AWT. Két qua cua phan
tich Wavelet 1a anh thé hién sy bién thién tin sd theo thoi gian ca tin hiéu (4nh thoi gian —tan sb
(ATF)). Cac ATF sau d6 duoc thay ddi kich thuge tuong ung voi dau vao bd nhan dang tin hiéu.

- Nhéan dang tin hi¢u sir dung mang AlexNet.

2.2.1. Phan tich Wavelet

Trong phan tich va xt 1y tin hiéu trinh sat [14], phép bién d6i Wavelet lién tuc (continuous
Wavlet transform — CWT) dugc st dung nhu mdt trong nhimg phuong phép d¢ trich xuat dac
trung tin hi€u trén cd hai mién thoi gian — tan s6. CWT dugc dinh nghia theo cong thuc (2).

ewT(za)=2 T r(y ( . jdt 2)

trong d6 a 1a hé sb c¢b dinh, \p(t) 1a ham Wavelet, T @0 dai ctia ham Wavelet va q/*(t) 1a lién
hop phirc ctia ham Wavelet y(t). Phan tich Wavelet (analytic Wavelet transform — AWT) la
truong hop dic biét ciia ham CWT véi y()=0 khi » <0. AWT dugc tinh theo biéu thic (3).
1% « -
AWT(t,a):z—f\y (a0)R(0)e’"do (3)
To
Trén thuc té, (oo) thuong dugc chon la ham Morse Wavelet va dugc dinh nghia theo cong
thitc (4).
¥y (0)=U(0)ag 0™ @
trong d6 4., 1a hing sb c6 dinh, U () 1a dap tmg trén mién tan sb ciia ham buée va f,7 1a hé

s6 diéu chinh ham Wavelet voi 1<y <40va 3<B<120. Hinh 4 minh hoa két qua phan tich
Wavelet cta tin hiéu Costas 3 (Hinh 2) v6i y=3, g, =40va 3, =80.

Frequency (MHz)
Magnitude

Frequency (MHz)

Time (ps) Time (ps)

(@) (b)
Hinh 4. Két qud phan tich Wavelet: (a) B, = 40va (b) B, =80

Hinh 4 cho théy két quélr trich xuét dic trung cua tip hiéu phu’thu(f)c vao tham sé ham Wavelet.
Trong cung hé¢ s0 y=3 ket qua phan tich tot hon doi véi hé¢ so B =80 (Hinh 4b) va chat luong
anh dau vao s& giam véi B = 40 (Hinh 4b). Mit khac, trong trinh sat xir Iy tin higu thuong sir dung
cac ham Wavelet: Morse (y=3,B=80), Cauchy (y=1, B=6) va Bessel (y=0,25,3=8).
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2.2.2. Cdu triic mang AlexNet

Mang AlexNet dugc dé xuét va phat trién bai
Alex Krizhevsky [15] va so d0 cau trac dugc
trinh bay trén Hinh 5.

Céu tric mang AlexNet bao gom co:

- Dau vao la anh véi kich thude 224x224x3.

- Mang cau tao 8 tang, trong d6 ¢ 5 ting no
ron tich chap vdi kich thuéc khac nhau va 32
tang an két ndi day du (fully connected layer va
softmax layer) va mot tang két ndi du ra day du
(classification layer).

- Ngoai ra, con cac lop Relu, Maxpooling va
dropout.

So vdi cac mang hoc sdu hién tai, AlexNet
dugc thiét ké va c6 nhiéu diém ndi troi hon:

- Puoc xy dung cho cac dang GPU dé giam tai
cac phép tinh toan so v6i cau triic mang di trudc.

- Lop tich chap du vao 16n (11x11) gitp né c6
thé léy duogc toan bo dac trung cia anh dau vao.

3. Thuc nghiém va danh gia két qua

Bang 1. Bang md cua tin hiéu diéu ché pha va tan so

|

Image Input Layer
(224x224x3)

Convolution layer
(3x3x384)

|

|

Convolution Layer
(11x11x96)

Convolution layer
(3x3x384)

l

I

Max Pooling Layer
(3x3, stride [2 2])

Max Pooling Layer
(3x3, stride [2 2])

|

!

Convolution Layer
(5x5x256)

Fully Connected Layer

I

!

Max Pooling Layer
(3x3, stride [2 2])

Softmax Layer

l

|

Convolution layer
(3x3x384)

Classification Layer

Hinh 5. Cdu triic mang Alexnet [15]

Dang tin hi¢u

Do dai ma hoa

Tin hiéu Costas
Tin hiéu BPSK
Ma Frank
Mi P1
Mai Px
M3 Zadoff-Chu

3,4,56,7
7,11,13
4,9,16
4,9,16
4,9,16
5,10, 15

Dé danh gia hiéu qua cua thuat toan dé xuat, tac gia sir dung cac tin hiéu mé phong dugc xay
dung trén phan mém MATLAB 2024a. B tin hiéu dé d4nh gia bao gdm c6: xung ra-da (Pulse),
tin hiéu diéu tan tuyén tinh (linear frequency modulation - LFM), tin hiéu ma nhi phan (binary
phase shift keying — BPSK), ma Frank, ma P va Zadoff-Chu. Quy trinh thyc hi¢én mé phong,
danh gia hi€u qua thuat toan dugc trinh bay trén Hinh 6 va Quy trinh 1. P chinh xac khi nhan
dang cac tin hiéu ra-da trén duoc so sanh voi cac cAu trac mang da duogc huén luyén va kiém
chung trong deep learning toolbox MATLAB 2024a nhu: GoogleNet, ResNet-50 va VGG-16.

Quy trinh 1: Cac budc tién hanh mo phong

Pau vao: Tham so6 tin hiéu

Piu ra: Do chinh x4c nhan dang P, va thoi gian hudn luyén tir

Buéc 1: Tao cac tin hiéu ra-da: xung, LFM, BPSK, Frank, P-code va Zadoff-Chu.
Buwdre 2: Thiét 1ap tham so (B, v ) cho ham Wavelet hay lya chon ham Wavelet (Morse, Cauhy hodc Bessel).

Budec 3: Trich xuat dic trung tin hiéu bang k¥ thuat AWT

Budrc 4: Xay dung cAu truc mang AlexNet
Buéc 5: Huan luyén mang AlexNet

Buwdére 6: Xac dinh thoi gian va d6 chinh xac nhan dang ciia mang AlexNet

Buwdc 7: Lap lai cac bude 3 dén 6 d6i voi cac mang GoogleNet, ResNet-50 va VGG-16.
Budée 8: So sanh, danh gid hiéu qua cua cac phuong phdp ndi trén.
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3.1. Xdy dung co sé dir ligu

Nhu di dé cap bén trén, trong bai bio nay tac
gia tap trung giai quyét bai toan nhan dang cac
tin hiéu ra-da: xung, LFM, Costas, BPSK, ma
Frank, P va Zadoft-Chu. Cac bang ma cua tin
hiéu diéu ché pha duoc liét ké trong Bang 1. Cac
tham sé dé xdy dung tin hiéu va co so dir liéu
dugc trinh bay trong Bang 2. Céac tham s6 cua

Tham s6
tin hiéu

Tao tin hiéu ra da

¥ cac ky thuat trich xuit dic trung tin hiéu dugc
»| Chon ham Wavelet tong hop trong Bang 3.
v Bang 2. Cdc tham s6 xdy dung co s6 dit liéu
g Trich xuét dic trung — Thanj s tin hi¢u Gia trj
3 & . Tan s6 lay mau fg (MHz) 1900
§ _? CAu tric mang |« o i Tan s6 song mang f, (MHz) 50 dén’ 100
§ v % g Do rong xung t(ps) 0,1dénl
Huan luyén mang 0 S6 tin hiéu/dang diéu ché N (-) 500
. 3 =2  Dang nhiéu Gaussian
Xac dinh 6 chinh S Tiso tin/tap (SNR (dB)) 10, 15, 25
xac, thoi gian o q ., .
Bang 3. Tham so cua cdc ky thudt trich xuat ddac trung
So sanh Ky thuat

trich xuét Tham s6 Gia tri
.
e Ham Cauchy Wavelet (v,B) 1: 8

Hinh 6. So' d6 quy trinh so sanh danh gia hi¢u qud AWT  Ham Bessel Wavelet (v,)  0,25;8
thudt toan de xuat Ham Morse Wavelet (7, ) 3: 80

3.2. Hudn luyén mang nhdn tao

Trong bai bao nay tac gia sir dung deep learning toolbox cia MATLAB 2024a va cai dat trén
mAy tinh ca nhan dé huin luyén cac mang nhén tao vé6i ciu hinh: ASUS Vivobook 2023, RAM
8GB, toc d6 CPU 2,6GHz va cac tham sé huan luyén nhu: téc d6 huan luyén r=0,001, s lan
Iip, danh gid N =5, phuong thirc huan luyén 1 “sgdm” va tap dit liéu dugc x4o tron trong ting
vong ldp. Ngoai ra, dé danh gia hiéu qua cua thuat toan dé xuét thi co sé dit liéu duoc chia thanh
3 phan va d6 chinh xéac trung binh khi nhén dang va ma tran kiém tra (confusion matrix) duoc lay
trong qué trinh test mang. Dé dam bao dugc tinh khach quan khi so sanh v6i cac cau trac mang
va cac ham Wavelet, tac gia sir dung chung 1 tap dit liéu dau vao.

- Phan 1 dé huan luyén mang (80%);

- Phan 2 dé kiém tra mang (10%);

- Phan 3 dé danh gia mang (10%).

3.3. 8o sdanh danh gid hi¢u qud cia thudt toan

Hiéu qua ciia thuat toan dé xuat dugc danh gia lan lugt qua 2 budc:

- DBanh gi4 anh hudng cta cac ham Wavelet (Morse, Cauchy va Bessel);

- Panh gi4 hiéu qua caa mang AlexNet véi cac cdu trac mang GoogleNet, ResNet, VGG-16.

D6 chinh x4c nhan dang va thoi gian hun luyén mang 1a 2 tham sb chinh duoc st dung dé
danh gia hi¢u qua cua cac phuong phap noi trén.

3.3.1. Banh gia anh huong cia cac ham Wavelet

Dau tién tac gia tién hanh danh gia anh huong cua cic ham Wavelet: Cauchy, Bessel va
Morse dén d¢ chinh xac va thoi gian huan luyén mang Alexnet (Hinh 7). Ma tran danh gia
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(confusion matrix), d6 chinh xac va thoi gian huan luyén mang tuong tmg dugc tong hop & Bang
4 va Hinh 8.

»  Morse Wavelet

Mang ) D chinh x4c,

Tin hiéurada » Cauchy Wavelet AlexNet Thoi gian

» Bessel Wavelet

Hinh 7. So dé so sanh hiéu qud ciia cdc ham Wavelet

Bang 4. Bang so sanh d chinh xdc va thoi gian hudn luyén ciia cdc ham Wavelet

Ham Wavelet P chinh xic nhan dang (%) Thoi gian huin luyén (s)
Cauchy 76,88 2140
Bessel 81,88 1827
Morse 84,58 1229

Bang 4 cho thay, ham Morse va Bessel cho do chinh xac nhan dang twong dwong nhau
(P >80% ) nhung ham Bessel yéu cau thoi gian huan luyén gép 1,5 1an (t = 1827 s) so véi ham
Morse (t = 1229 s). Ngoai ra, ham Cauchy cho d¢ chinh thap nhét (P, =76,88%) va yéu cau
thoi gian huan luyén nhiéu nhat (t = 2140 s) gép 2 1an so voi ham Morse.

Barker RUUZS 3.7% Barker

Costas Costas

56.0% 16.7% 12.5% | 5.0%

Frank 7.4% 19.2% Frank

LFM

LFM 38% | 5.9%

P1| 45% 4.0%

True Class

P1 7.1% 40.7% 19.2% | 17.6%

Pulse | 4.5%
Pulse 143% | 3.7% §

Px 28.0%
Px 29.6% 46.2%
Zadoff-Chu 12.0%
Zadoff-Chu 14.8% 11.5% [
Q)@\"‘g‘& Co«s@% ch»“\l" \S‘l\ ™ ?0\56 o
/’/‘A

True Class

5.6%

6%‘\@ (;o&s ?@5& \ﬁ‘l\ ° e % o

'aéo
v Predicted Class
Predicted Class

a) b)
Hinh 8. Ma tran danh gia do chinh xdc: (a) Cauchy va (b) Morse

Hinh 8a cho thay, ham Cauchy Wavelet cho d6 chinh xéac thép nhét dbi véi cac tin hiéu ma P1
(P =40,7%) va Px (P, =46,2%) va cho d¢ chinh xac cao nhat v6i céc tin hiéu Barker, Costas
hodc xung ra-da (P, =100% ). Twong ty nhu vay, ham Morse Wavelet di nang cao do chinh xéac
khi nhan dang cidc tin hiu mda pha Pl (P, =66,7%) va Px song van con th?ip
(P =62,5% ). Ngoai ra ham Morse Wavelet kho nhan dang céc tin hi¢u ma Frank (P, =56,0%)
va cho d6 chinh x4c cao nhat vdi cac tin hiéu diéu ché tan s nhu: LFM, Costas ( P, =100%).

3.3.2. Banh gia hiéu qua cua cdc cau truc mang

Trong phan nay, tac gia tap trung danh gia hiéu qua AlexNet véi cac ciu triac khac: GoogleNet,
ResNet va VGG-16 da dwoc huan luyén va kiém chung (Hinh 9). B¢ dam bao duogc tinh khach
quan trong danh gid, tac gia sir dung chung co s¢ dir liéu va cung ky thuét trich xuét dic trung. DO
chinh xac va thoi gian huan luyén ciia cac ciu triic mang duoc thong ké trong Bang 5.
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Hinh 9. So' do so sanh d¢ chinh xac nhdan dang cua cac cau triic mang

Bang 5. Bdng so sanh dé chinh xdc va thoi gian hudn luyén ciia cdc cdu triic mang

Ham Wavelet D§ chinh xic nhan dang (%) Thoi gian huan luyén (s)
AlexNet 84,58 1229
VGG-16 79,18 3011
GoogleNet 74,38 2377
ResNet-50 80,62 2905

Barker 4.8% | 4.5% Barker [EIXEZ
Costas Costas
Frank 21.1% 4.5% | 43% Frank 13.0%
2 Z )
= LFM 4.5% 5 LFM 6.7%
o (5]
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Hinh 10. Ma trdan danh gia do chinh xdac: (a) GoogleNet va (b) ResNet-50

Bang 5 cho thay, ctng k¥ thuat trich xuat dic trung AWT, mang AlexNet cho do chinh x4c cao
nhit (P, =84,58%) so vé6i cac mang ResNet-50 (P, =80,62%) va VGG-16 (P, =79,18%),
thap nhit GoogleNet (P, =74,38%). Ngoai ra, cdu triic AlexNet yéu cau thoi gian huan luyén
(t = 1229 s) bang % so véi cac cau tric khac (t = 2377 s). Ma tran dénh gid d¢ chinh xéc cua
mang GoogleNet va ResNet-50 dugc minh hoa trén Hinh 10.

Hinh 10a cho thay, cau triic mang GoogleNet khong thich hop dé nhan dang cac tin hiéu diéu
ché pha trong ra-da nhu: P codes, Zadoff-Chu (P, <55%) va GoogleNet thich hgp hon cho viéc
nhan dang cac tin hiéu diéu ché tan sé Costas va LFM (Py >95%). Tuong tu, ciu triic ResNet-
50 cho d¢ chinh xac nhém P code va Frank cao hon so v6i mang GoogleNet. Téng quan chung,
c4u trac ResNet kho nhan dang céc tin hiéu nhém P code hay Frank ( P, <65%) (Hinh 10b).

4. Két luan

Bai bao nay dé xuit mot thuat toan méi dé nang cao d¢ chinh xac khi nhéan dang cac tin hi¢u
ra-da: xung, LFM va cac dang ma hoa pha: BPSK, Frank, P va Zadoff-Chu phuc vuc cho trinh sat
dién tir. Thuat toan dé xuét bao gdm c6 2 budce chinh: bude 1 sir dung phan tich Wavelet dé trich
xut ddc trung tin higu trén ca hai mién thoi gian-tan sd. Budc 2 sir dung mang AlexNet dé nhan
dang tin hiéu. Hi€u qua cua thuat toan dugc danh gia trén MATLAB vdéi 2 truong hop. Truong
hop 1 danh gia anh hudng cua cac ham Wavelet dén d6 chinh x4c nhan dang tin hiéu va thoi gian
huén luyén. Trudng hop 2 13 so sanh d6 chinh xac nhan dang ciia mang AlexNet véi cac cdu trac
mang khac. Két qua cho thdy, ham Morse Wavelet cho d¢ chinh xac nhan dang cao nhit
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P, =84,58%, tiép theo la Bessel (P, =81,88% ) va thap nhét la Cauchy (P, =76,88% ). Mat
khac, thuat toan dé xuat ciing cho két qua chinh xac hon so vdi cac cau tric mang da duoc huin
luyén truéc nhu GoogleNet (P, =74,38%), ResNet-50 (P, =80,62%) va VGG-16 (
Py =79,18%). Ngoai ra, thudt toan d8é xuat yéu cau thoi gian huin luyén (t = 1229 s) giam % so
céc cau trac mang khac GoogleNet (t = 2377 s), ResNet-50 (t = 2905 s). Cac két qua trén cho
théy, thuat toan dé xuét da nang cao dugc do chinh xac khi nhan dang va giam thoi gian huin
luyén dé dap mg yéu cau thu trinh sat dién tir d6 la toc d6 nhanh va d¢ chinh xac cao.

Trong céc nghién ctru ti€p theo, tadc gia ti€n hanh toi vu thudt todn va kiém ching thuét toadn
v6i bo tin hidu thu that tir thue té va tung budc ap dung thuat toan Ién cong nghé phﬁn cung.
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