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Tém tit - Hién nay, cac thiét bi ra da sir dung k¥ thuat diéu ché
tin hiéu phuc tap nhim giam xac sudt bi thu chin (LPI). Trong
khi d6, dang diéu ché tin hiéu ra da 1a mot trong nhiing thong tin
quan trong trong trinh sat dién tir, cho phép dinh danh ngudn phat
xa. Do d6, mot mo hinh mang no-ron hoc sau tich chap (CNN) s&
duogc dé xuét trong bai bao nay, nhim ning cao kha ning nhan
dang tin hiéu ra da LPI. Cu thé, m6 hinh CNN dé xuit dugc khao
sét voi s6 kénh va kich thude b loc khac nhau. Két qua khao st
cho thiy, tham s cang cao thi d6 chinh x4c nhan dang cang ting,
tuy nhién, thoi gian thyc thi cang cham. Vi vay, can Iva chon
mang c6 do 16n phu hop dé dat duge d6 chinh xac cn thiét voi
thoi gian thyc thi cho phép. Ngoai ra, cac ky thuét tién xir Iy ciing
dong vai trd quan trong trong viéc nang cao d9 chinh xac nhan
dang cua mang CNN. Do d6, hai k¥ thudt STFT va WVD duoc
khao sat. K&t qua cho thdy, mic di WVD cho do chinh x4c nhan
dang cao hon nhung thoi gian xu Iy cham hon STFT.

Tiur khéa - Trinh sat dién tir; mang no-ron tich chép; tin hiéu ra
da; k¥ thuat tién xtr ly; diéu ché tin hiéu

1. Gioi thi¢u

Trong tac chién dién tor (EW: Electronic Warfare), cac
thiét bi ra da chii dong thuong sir dung céc giai phap quéan Iy
cong sudt, thoi gian, dai phd va khong gian phat song dé
tranh hoac lam giam xac sut bi thu chan. Ngoai ra, cac k¥
thuat didu ché tin hiéu ra da ciing gitip cho x4c suit thu chin
giam di dang ké. Nhirng tin hiéu diéu ché nay dwoc goi 14 tin
hiéu thu chin xac xuét thip (LPI: Low Probability of
Intercept). Chinh vi véy, cac hé thong trinh sat dién tir s& gip
phai nhiéu thach thirc trong vi¢c nhan dang céc tin hi¢u LPI.
That vay, trong hoat dong trinh sat dién tr, nhan dang duoc
c4c tin hiéu LPI cta ngudn phat ma ddi phuong st dung s&
g6p phan dinh danh ngudn phat, tir d6 ¢ thé ndm bat dugc
tinh hinh vé lyc lugng va trang bi ciia di phuong. Bai toan
nhén dang tin hi€u LPI cang tré nén kho khan khi hoat dong
trong didu kién co rit nhiéu ngudn birc xa dién tir (tram phat
thanh, truyén hinh, tram thu phat song vién thong, thiét b
wifi, cac loai ra da, may thong tin,...) khién cho mat do
truyén séng trong moi trudng trd nén day dic.

Trudc day, dé nhan biét dugc kiéu loai tin hiéu, cac thiét
bi trinh sat dién ttr can phai thu chan, xir 1y va trich chon
mot cach hiéu qua cac dic trung tin hidu dé tao dit liéu dau
vao cho céac thudt toan nhan dang chuyén dung. Theo do,
cac ky thuat phan tich phd thoi gian tan sb dwoc st dung
rong rai d8 trich rat cac dac trung mat d cong sut tin hiéu
trong mién thoi gian va tan sd. Trong d6, dang chii ¥ 14 cac
k¥ thuat xtr Iy bién d6i Fourier thoi gian ngén (STFT: Short
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Time Fourier Transform) va X 1y phan b Wigner-Ville
(WVD: Wigner-Ville Distribution).

Gan day, mang no-ron tich chap (CNN) di va dang
dugc sir dung rong rai trong nhiéu linh vye nhu: Nhan dang
hinh anh; Nhan dang giong no6i; Nhan dang chir viét tay,...
Mang CNN c6 tiém ning to 16n dé co thé dugc img dung
vao trong linh vyc quan sy ma cu thé 1a nhén dang tin hiéu
ra da LPI cho nhiém vu trinh sat dién tur.

Gan day, trong luén 4n tién si cia minh [1] Grancharova
da dé xuét mang CNN (c6 ba 16p tich chap, mdi 16p c6 32
kénh véi kich thude bo loc 3x3) dé phan loai 9 dang diéu
ché tin hiéu v tuyén. Mic di, mang CNN do c6 thé cai
thién do chinh x&c nhén dang trung binh 1én dén 86% cho
ti s6 tin / tap (SNR) trong khoang (-10, +10) dB, cao hon
so voi mot mang CNN khac (v6i d§ chinh xac 73%) dugce
dé xuat trong [2], nhung mé hinh CNN trong [1] van con
kha don gian va st dung dir liéu dau vao & dang bién do-
thoi gian. Bén canh d6, m6 hinh LSTM (Long Short Term
Memory) cling dugc nghién ctru, khao sat va so sanh véi
mo hinh CNN. Két qua nghién ctru trong [3] cho thay kha
nang phén loai cia LSTM c6 tinh 6n dinh hon so vi CNN
khi thay dbi méi trudng truyén song. Mic du vay, khi xét
trong mot diéu kién nhét dinh, mé hinh CNN ¢6 kha ning
nhan dang tin hiéu tét hon LSTM. Do dé, két hop gitra
CNN va LSTM co6 thé tang tinh 6n dinh ctia thudt toan nhén
dang khi c6 tac dong ctia nhiéu ma van dam bao d6 chinh
xac nhan dang cao [4].
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Mot s6 nghién ciru cho thay, cac ky thuat tién xir Iy dé
tao dit liéu dau vao cho mé hinh nhéan dang tac dong rat 1on
dén hiéu ning nhan dang (d6 chinh xac va toc do xu 1y).
Trong do, cac ky thuét tién xu ly dién hinh nhu STET [5]
bién doi Wavelet [6], WVD [7], va Choi-Williams
Distribution [8] dwgc ing dung rong rai. Tuy nhién, mi ky
thuét xtr 1y c¢6 nhitng wu va nhugc diém riéng va phu hop
v6i cdc mo hinh nhan dang khac nhau. Chinh vi vy, trong
nghién ciru nady nhom tac gia thuc hién khao sat tinh hi¢u
qua ctia mang CNN khi str dung hai k¥ thuat tién xu 1y
STFT va WVD. Cu thé, nhom tac gia dé xuét mot md hinh
mang CNN méi c6 kha nang ing dung trong nhan dang cac
tin hiéu LPI (bao gdm LFM, Barker va Rect). Pay 1a ba
loai diéu ché tin hiéu ra da phd bién nhét hién nay. M6 hinh
CNN ma nhém tac gia dé xuit dugc hudn luyén va danh
gia trén tap dir liéu dugc gia 1ap bang chuwong trinh Matlab.
Theo d6, hi€u qua nhan dang tin hi¢u LPI cia mo hinh dé
xuit duoc danh gia bang cach thay ddi cac tham sb cia
mang. Két qua thir nghiém cho thay, mé hinh CNN cang
phuec tap thi @6 chinh xac nhan dang cang cao, tuy nhién
thoi gian xtr Iy 14u hon. Ngoai ra, hi€u qua cta hai ky thuat
tién xur Iy (STFT va WVD) dé tao tap dit liéu ciing dugc so
s&nh véi nhau khi 4p dung mang CNN cta nhom tac gia.
Mac du, k¥ thuat WVD cho d6 chinh xac cao hon STFT
nhung tdc d6 xtr Iy chdm hon.

2. Céc tin hiéu ra da LPI va ky thuat tién xir ly
2.1. Tin hi¢u LPI

Trong bai bao nay, nhom téc gia xem xét ba dang séng
ra da dién hinh, bao g‘ém:‘ tin his:eu diéu ché noi xung don
tan (Rect), tin hiéu di€u tan tuyen tinh (LFM) va tin hi€u
diéu pha ma Barker (Barker). Céc tin hiéu nay dugc gia 1ap
dé phuc vu cho viéc huén luyén mang CNN va kiém
nghiém. Nhu da biét, mot tin hiéu ra da & dang s6 thue c6
thé dugc mo ta nhu sau:

s(t) = A(t) cos(27 f (1)t + (1)) )

Trong d6, A(t) 1a gia tri bién d6 - mot ham phu 'ghu(f)g
thoi gian mo6 ta duong bao tin hi€u diéu ché, f(t) 1a tan so
song mang phu thudc thoi gian va ¢(t) 1a pha cia tin hiéu.
2.1.1. Tin hiéu Rect

Day la tin hiéu phd bién nhit duoc sir dung trong phan
16n cac hé thong ra da, dac bi¢t la cac h¢ thong st dung
mdy phat dung Magnetron. Tin hi¢u s(t) tr¢ thanh tin hiéu
diu ché noi xung don tan khi:

Ay khi te[O,rXJ
— = = 2
A(t) {0 i te[0r,] ft)="1, o)=¢y (2

Trong do, = 1a d6 rong xung; Ao 1a bién do (khong déi);
fo 1a tan s6 song mang (khong do1); ¢v 1a pha ban dau cua
tin hiéu (khong doi).

2.1.2. Tin hiéu LFM

Tin hiéu LFM dugc st dung trong cac dai ra da hién dai
nhdm nang cao cy ly hoat dong va kha ning phan biét muc
tiéu, dong thoi giam cong sudt phat bang viéc tang do rong
xung phat va nén xung tai may thu. Tin hi¢u LFM thuong
dugc tao ra béi cac may phat sir dung cong nghé ban dan. Tin
hiéu S(t) tr thanh tin hiéu diéu tin tuyén tinh ndi xung khi:

s(t) = A(t) cos(27rf0t+%t2 +00);

A = Ay, tel0r];
0, tel[0z,]
=27ZAf

©)

(rad /s2).

Trong d6, 5 14 d6 rong xung; Aq 1a bién do; fo 1a tan s6 goc
song mang; 7 1a hé sé nén ciia tin hiéu diéu tan; Af 1a luong
dich tan trong thoi gian At; ¢ 13 pha ban dau cia tin hiéu.
2.1.3. Tin hiéu diéu ché pha ma Barker

Tin hiéu diéu pha (hay tin hi¢u ma pha) 1a t6 hop n xung
vo tuyén lién tiép nhau, c6 d rong to va tan sb fo bang nhau
v6i mot s6 hitu han p céc gia tri pha ban dau g (q =0, 1,

.., p - 1) tao thanh mot xung tin hi¢u c6 d6 rong tx = N.7o
tuong ddi 16n. Gia tri pha ban ddu ciia cac xung con thanh
phan c6 thé phan bd trong doan [0, 2x] theo quy luét‘nhét
dinh [9]. Trong trudng hgp p = 2, hai gid tri pha ban dau ¢
thé 1a @@ = 0 va gy = m. Tin hiéu s(t) trd thanh tin hiéu
diéu pha ma Barker khi:

AD Ay khi te[0,7,]
o khi te[o,r,]
f(t) = fo, (4)

o(t) = Barker {0; },

Trong d6, 7 1a d6 rong xung; Ao 1a bién do (khong doi);
fo la tan s6 song mang (khong ddi); ¢(t) 1a pha ban du cua
moi xung con tin hiéu (theo quy luat cia ma Barker).

Bdng 1. B6 md Barker di biét

n Ma Barker

2 |+1-1 |+1 +1

3 |+1+1-1

4 |+1+1-141 [+1 4141 -1
5 |[H1+1+1-1+1

7 |1+ +1-1-1+1-1

11 [+#1+1+1-1-1-1+1-1-1+1-1
13 |+1+1+1+1+1-1-1+1+1-1+1—-1+1

2.2. Tién xir Iy tin higu

Hinh dang phé tan s6-thoi gian cta tin hidu 1a mot dau
hiéu quan trong dé phan biét cac dang diéu ché tin hiéu LPL
ba co nhleu phuong phap xu 1y tin hiéu trong mlen thoi
gian va mién tan s duoc nghién ctru va phat trién. Trong
nghién ctru nay, nhom tac gid st dung hai ky thudt xu 1y
phé bién, bao gdbm STFT va WVD dé tao hinh anh phd tan
$6-thoi gian. Tap di li€u dugc tao ra bdi hai ki thuét nay
s& dugc sir dung dé huén luyén va danh gia cdc mang CNN.
2.2.1. Xu ly STFT

Bién dbi STFT 1a mot trong nhirmg phep phan tich tin
hiéu ma két qua thu dugc la anh phd mat d6 cong suét cia
tin hiéu theo thoi gian va tan s6. Theo do, trude khi bién
ddi Fourier, tin hiéu phai dugc chia thanh cac doan ngén
hon bang cich nhan v&i mot ham cira s6 (window
function). M6t s6 ham ctra s6 dién hinh dugc st dung nhu:
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Rectangular window, Gauss window, Cassion. Nhu vay,
d6 muot ciia phd cong suit phy thude vao do rong ham cira
sO va ti 1é chong 14n giita cac cira sO khi trugt qua tin higu.
Phép bién d6i STFT c6 thé dugce biéu dién tong quat bang
biéu thirc toan hoc sau:

S(z, ) =STFT{s()} = j s(t)w(t — r)e " dt )

Trong d6, w(-) 1a ham cira s0.
2.2.2. Xir Iy phdn bé Wigner-Ville
So véi xur Iy STFT, xu ly phén bo Wigner-Ville cung

cép d6 phan giai vé thoi gian va tan sd cao nhat c6 thé. Vé
mat toan hoc, phép tinh WVD dugc md ta nhu sau:

W, (t, @) = Is(t+%js*(t—%jej’w dr. (6)

3. M6 hinh CNN cho bai toan nhén dang tin hi¢u LPI

CNN la mét trong nhitng m6 hinh cia mang no-ron hoc
sdu trong cac hé thong thong minh, c6 kha ning tu dong
trich chon dac trung cua dir liéu v6i df chinh xdc cao. N6
dd duoc ap dung vao doi sdng thuc tidn voi nhimg tng
dung dién hinh nhu nhan dang khudn mit, chuyén giong
n6i thanh vin ban, chan doan hinh anh y hoc, ... Trong linh
vie trinh sat dién tr, mo hinh CNN ¢6 tiém néng ung dung
vao nhan dang tin hi¢u ra da LPI. Mang no-ron hoc sdu ma
nhom tac gia dé xuat dugc trinh bay trong Hinh 1, gdm co:
Lop dau vao, ba khdi tu dong trich xuat dic tinh
(ConvBlock) va khéi dau ra.

ConvBlock

’-‘--‘-”
ConvBlock

Output:
Classification output

a) b)

Hinh 1. M6 hinh CNN dé‘,xudrt cho bai toan nhdn dang tin hiéu
ra da LPI. a) M6 hinh tong quat; b) mé hinh cua ConvBlock

Tham s6 16p dau vao ciia mang CNN dugc chi dinh theo
kich thudc ciia anh phd tin hiéu. Cu thé trong nghién ctru
nay, khi str dung dit lidu phd STFT thi kich thudc cua 16p
dau vao 1a 128x17, va kich thudc nay s& 1a 200x200 khi st
dung dir liéu phé WVD. Céc dic tinh hiru ich dé phan biét
cac dang tin hi¢u LPI trong anh phé dau vao s& duoc tu
dong trich chon khi di qua cac khéi Convblock. Chi tiét cac
16p trong Convblock dugc thé hién trong Hinh 1b), & do,

cac 16p chudn héa (Norm), tich chap (Conv), gop
(Maxpool) va ham kich hoat (ReLU) dugc két nbi lién tiép
véi nhau.

L6p Norm dugc ding dé chuan hoa dir liéu dau vao
trude khi thuc hién phép tinh tich chap tai 16p Conv. Nhu
da de cép trong [10], 16p Norm gitip day nhanh qua trinh
huan luyén nho viée dua cac gia tri dédc tinh vé dang chuan
hoa. Gia thiet dau vao ctia Norm 12 x; thi gia trj dau ra X;
nhén dugc theo cong thic sau:

o _ X~ Ms
%=1 _LB ©)
" JoR e

. 18 s 1
Trong do, ug =Ei§xi Va o =Eizl(xi — g

)2 lan

luot 1a gia tri trung binh va phuong sai cia mot nhém gom
B anh pho dau vao, ¢ 1a hiang s6 du nho dé 6n dinh dau ra
trong trudng hop phuong sai rat nho. Trong nghién ctru nay
nhom téc gia chon € = 1075,

Dic tinh phd thoi gian-tan s6 sau khi dugc chuan hoa
s& dugc dua vao 16p Conv c6 K kénh song song, mdi kénh
12 mot b loc ¢o kich thude kxk. Lép Conv c6 chirc nang
tang cudng cac ddc tinh hiru ich dong thoi lam suy yéu cac
dic tinh khong can thiét va nhidu. Phép tinh tich chap véi
tin hiéu dau vao 1a véc-to a va véc-to trong sb W ctia b loc
duoc biéu dién nhu sau:

k-1
Yn :ZanJriWi 8)
i-0

Véinthoaman 0<n+i<N,Vi=0,1,....k—

Theo sau l6p Conv la 16p Maxpool. Lép nay duoc su
dung dé chon loc cac dic tinh manh, loai bo cac dic tinh
yéu, ddng thoi lam giam kich thudc cia dit lidu cho 16p tiép
theo. Cac 16p gop (Pool) ¢ thé c6 nhidu loai khac nhau:
Max pooling lay phén tir 1on nhét tir ma tran doi tuong;
Average Pooling lay tong trung binh hodc Sum Pooling lay
tong tat ca cac phan tir trong map. Trong mo hinh CNN dé
xudt, 16p Maxpool dugc sir dung.

Ham kich hoat (Activation function) la mot ham phi
tuyén dugc ap dung vao diu ra cia cac 16p MaXpoollng,
nhu trong Hinh 1b. Nhiéu nghién cru chi ra rang, ham
ReLU (Rectified Linear Unit) cho toc d6 tinh toan nhanh,
d@)ng thoi khic phuc dugc mot ) nhuoc diém cua cac ham
khéc nhu Sigmoid hodc Tanh. Do 6, ham ReLU duogc lya
chon ap dung trong m6 hinh mang ctia nhom tac gia. Theo
d6 ham ReLU duogc mo ta nhu sau:

f(x) = max(0, x). 9)

Khéi déu ra (Output) bao gdm céac 16p: FC (Fully
Connected layer), Softmax, va Classification.

Céc 16p duoc két ndi ddy du (FC) trong mang no-ron 13
nhitng 16p ma tit ca cac dau vao tir mot 16p dwoc két ndi
v6i moi don vi kich hoat cia 16p tiép theo. Trong hau hét
cac md hinh hoc may phd bién, mot vai 16p cudi cung 1a
céc 10p duoc két ndi day du s& bién ddi dir lidu duoc trich
xuét boi cac 16p trude d6 dé tao thanh dau ra cudi cung.
Day la 16p tiéu ton nhiéu thoi gian thir hai sau Lop
Convolution.
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Ham Softmax 1a mot ham bién mot vecto gé)m K gia tri
thuc thanh mdt vecto gém K gia tri thyc co téng béng 1.
Céc gia tri dau vao co thé tly ¥, ham Softmax bién ching
thanh céc gia tri gitra 0 va 1, dé chung c6 thé dugc hiéu la
x4c suat. Néu mot trong cac dau vao nho hodc am, thi
Softmax s& bién n6 thanh mét xac suit nho va néu mot dau
vao 16n, thi n6 s& bién n6 thanh mot xac suat 1én, nhung nd
s& luon nam trong khoang tir 0 dén 1. Softmax réat hiru ich
vi n6 chuyén ddi diém sb thanh phan phdi xac suit chuan
héa, c6 thé duoc hién thi cho nguoi dung hodc dugc su
dung 1am dau vao cho cac hé thong khéac. Vi Iy do nay,
ngudi ta thudong thém mot ham Softmax lam 16p cudi ciing
cuia mang no-ron.

Lép Classification thyc hién ra quyét dinh dang song
tin hiéu ra da LPI twong tng voi dir liéu phd dau vao. Vigc
ra quyét dinh phy thudc vao xac sudt cua mdi dang song
duoc tinh boi ham Softmax trude d6. Gia st pi 1a xac suat
cua cac phan 16p tin hi¢u, khi do Kkét qua dy doan dugc xac
dinh nhu sau:

Waveform predicted — arg {max( P )} (10)
4. Két qua kiém nghiém va thio luin
4.1. Tgp dit ligu va phin cirng hudn luyén

Dir lidu cho hudn luyén mang no-ron dong vai trd quan
trong, quyét dinh do chinh x4c nhan dang tin hiéu diéu ché.
Nhom tac gia mo phong 3 dang tin hi¢u ra da LPI co ban
1a tin hiéu diéu ché ndi xung don tan; Tin hiéu diéu tan
tuyén tinh ndi xung; VA tin hiéu diéu pha ma Barker bing
Matlab. Mdi tin hiéu dugc thém nhiu tap tring dang phan
bd Gauss c6 ti s6 SNR ngau nhién trong dai tir -20 dB dén
10 dB véi budce cach 1a 1 dB.

Céac tin hiéu tao ra ¢ trén dugc dua vao xu ly trong mién
thoi gian - tan sé boi 2 ki thuat tién xir Iy STFT va WVD.
Pau ra cta cac bo tién xur 1y 1a cac anh phd thoi gian - tin
s6 cta tin hiéu, nhu dugc thé hién trong Hinh 2. Trong d6,
Hinh 2a,b,c 1dn Iuot 1a anh phé cua cac tin hiéu Barker,
LFM va Rect khi xtr Iy bang STFT véi SNR = 10 dB.
Tuong tu, Hinh 2d,e,f 1a anh phd khi xir Iy bang WVD.

B2 ®» 2
8383

Frequency bin
2% a
Sz2£8
Frequency bin

288

5 10 15
Time bin

10 15
Time bin

c) Rect

Time bin

a) Barker

b) LFM

2

2
g

Frequency bin
Frequency bin
Frequency bin

50

150

200 200 200
50 100 150 200 50 100 150 200 50 100

Time bin Time bin Time bin
d) Barker e) LFM f) Rect
Hinh 2. Hinh anh phé tin hiéu véi SNR = 10 dB sit dung cdc ky
thudt tién xir Iy STFT (a, b, ¢) va WVD (d, ¢, f)

Mbi k¥ thuét tién xir 1y tao ra 30 000 file anh phd thoi
gian-tan s6 duoc gan cho 3 nhin diu ra 1a Rect; LFM va
Barker. Mdi anh c6 kich thudc 128%17 va 200x200 1an luot
tuong tmg véi cac k¥ thuat tién xir Iy STFT va WVD.

150 200

Tap kiém tra 1a cdc anh phd thoi gian - tan s6 dugc tao

ra doc 1ap so vdi tap huén luyén voi cac gia tri SNR
tir-20 dB dén 10 dB vi bude cach 1 dB. Nhu vy, tap kiém
tra ¢6 tong sb 186 000 anh phd cho mdi ky thuat tién xur 1y
(2 000 anh phd / kiéu didu ché / SNR).

Céc tham s6 chinh cua tin hiéu mé phong dugc thé hién
trong Bang 2.

Qua trinh huén luyén va kiém tra hi¢u ning cta mang
CNN @& xuat dugc thyc hién trén GPU ctia méy tinh ¢6 céu
hinh nhu sau: CPU Intel Core 9300H CPU @ 2.40GHz,
RAM 16 GB, GPU GTX 1660ti 6GB.

Bing 2. Cdc tham 6 cia tin hiéu mé phong

Tin hi¢u | Céc tham s chinh Ghi cha
Fs=100 MHz
Rect Fc = U{Fs/6, Fs/5} o
1=U{0.5,2} ps Fs: tan so lay mau
Fo= 100 MHz Fc: tan sb song mang
: Do rong xung diéu ché
Fe = U{F4/6, Fs/5} T D0 rong xung €1e
LFM T=U{05,2} us U{a, b}: phan bot;ieu
b t kll 2
B =U{Fy20, Fy16} | one khoang [, D]

B: D6 rong phd

70: D9 rong 1 bit trong ma
Barker

N: S bit ctia ma Barker

s=100 MHz
Fe = U{Fs/6, Fs/5}
10 =U{0.1,0,5} us
B = U{F+/20, Fs/16}
N={3,4,5,7, 11}
4.2., Ddnh gid hi¢u ning nhén dang ciia mang CNN dé
xudt

Barker

O phan nay, mang CNN dé xuét dwoc danh gia vé do
chinh xac cling nhu thoi gian xtr 1y khi ap dung cac ky thuat
tién xtr Iy STFT va WVD. Tiép theo, do chinh x4c nhén
dang ctia mang CNN dugc khao sat béng viéc thay ddi mot
s6 tham sb nhu sb lugng bo loc trong 16p Conv va kich
thudce bo loc.

4.2.1. So sanh do chinh xdc nhdn dang khi thay doi ky thuat
tién xr Iy

Trong thir nghiém nay, mang CNN véi cu Hinh 3 khéi
ConvBlocks, m6i khdi c6 8 kénh (= 8 bo loc) va kich thude
b6 loc ctia mdi kénh duge chi dinh 1a 3x3, duoc lwa chon
dé khao sat thuc hién nhan dang tin hi¢u ra da LPI khi két
hop véi hai k¥ thuét tién xi Iy STET va WVD.

100 ! . 5
— —6—CNN-STFT
S —4—CNN-WVD
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Hinh 3. So sdnh dé chinh xdc nhdn dang
Qua trinh huin luyén mang CNN cho mdi ky thuat tién
xur Iy dugc thiét 1ap nhu nhau, cy thé 1a: Toc d huan luyén
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khoi tao 12 0,01, kich thudc goi huén luyén cho mdi vong
lap 1a 64. Qua trinh huén luyén dugc thyc hién trong
20 epochs. Sau khi huén luyén, hai mang CNN (lan luot ky
hiéu 1a CNN-STFT va CNN-WVD) duoc kiém chimg véi
tap dir liéu kiém tra.

Két qua kiém tra dugc thé hién trong Hinh 3 cho théy,
mang CNN-WVD cho d9 chinh xac nhan dang cao hon
dang ké so véi mang CNN-STFT khi SNR < 0 dB. Khi
SNR > 0 dB thi su chénh léch vé do chinh x4c nhan dang
cta hai mang 1a khong nhidu, béi vi lic nay cudng do cua
clia tin hiéu cao hon nhiéu khi biéu dién trong mién thoi
gian. Khi phan tich pho, ca hai k¥ thuat tién xir Iy STFT va
WVD déu cho dic trung rd nét vé phd mat do cong suat.
Mic du vay, md hinh CNN-WVD van cho d6 chinh xac
nhinh hon mot chut so véi CNN-STFT vi d6 phan giai anh
phé cia WVD cao hon so v6i STFT.

Bdng 3. So sanh hiéu nang cia CNN-STFT véi CNN-WVD

M6 hinh mang D¢ chinh xdc nhin Thoi gian thuc
CNN dgng trung binh (%) hién (ms)
CNN-STFT 93,03 0,68
CNN-WVD 96,84 1,2

Tuy nhién, khi so sanh thoi gian thyc hién mot lan du
doan, mang CNN-STFT cho thdy kha nang xir 1y nhanh
hon nhiéu so v6i mang CNN-WVD, nhu s6 liéu thé hién
trong Bang 3. Co sy khac biét vé thoi gian xir 1y 1a do sy
khéac nhau vé kich thude dau vao cia mdi mang. Cu thé,
mang CNN-STFT c6 kich thudc dit liéu dau vao 1a 128x17
nho hon nhiéu (khoang 18 1dn) so véi kich thuéc dau vao
200x200 ciia mang CNN-WVD. Hon nita, tién xt Iy STFT
cling dugc thyc hién nhanh hon so v6i WVD. Nhung ddi
lai, mang CNN-WVD cho d¢ chinh xac nhan dang trung
binh cao hon so véi mang STFT khoéang 3,81%.

4.2.2. So sanh do chinh xdac nhdn dang khi thay doi sé
lwong kénh

Tir két qua kiém tra & Phan 4.2.1, phd dic trung xir Iy
béng STFT dugc lua chon dé lam dit liéu dau vao cho thit
nghiém nay. Cu thé, sé lugng kénh cua 16p Conv thay dbi
lan luot 1a K = 8, 16, 32 va 64; Kich thuéc bo loc ciia mdi
kénh 12 3x3. Qua trinh huén luyén va kiém tra thuc hién
tuong ty nhu trong Phan 4.2.1. Hinh 4 thé hién su phu
thudc cua do chinh xac nhéan dang tin hi€u ra da LPI, thoi
gian thyc thi va d6 16n (sb luwong tham s6) cua mang CNN
vao s lugng kénh trong 16p Conv. Cu thé, biéu dd nét lién
thé hién do chinh xac nhan dang; Biéu dd nét dut thé hién
thoi gian thyc thi; VA kich thuée duong tron biéu thi sb
lwong tham sb ciia mang tuong tmg. Hinh 4 cho thdy, khi
tang sd lugng kénh cua 16p tich chap thi s§ lvong tham sb
tinh toan ctia cic mang CNN ting rat nhiéu tir 1,7x103 dén
77,8x10° khi sb kénh thay dbi tir 8 dén 64, nhung ddi lai
d6 chinh xac nhan dang tang tir 93,03% lén 97,62% va gia
phai tra la thoi gian thyc thi bi lam cham tir 0,68 ms Ién
0,71 ms. Ngoai ra, Hinh 4 ciing cho théy, d6 chinh xac nhan
dang tin hidu ra da duogc cai thién dang ké (= 3,4%) khi thay
d6i s6 kénh tir 8 1én 32. Trong khi d6, mang CNN 64 kénh
c6 do chinh x&c cao hon mang CNN 32 kénh chi = 1,2%
nhung kich thuéc mang ting 57,3x10% tham $6. Vi vay,
mang CNN 32 kénh nén dugc lya chon dé dat duoc hiéu
nang t6t nhét trong trudng hop nghién ctru nay khi xét dén

sy can bé’mg gilta d§ chinh xac nhan dang, tham s6 mang
va thoi gian thyc thi.
100

s 0.71
S 10705 ~
2 98- £
o= -
S 107 %
= £
=y 10.695 2
S 967 =
3 1069 &
< ‘B
E g4l 0.685 '
2 =
= 0.68

92 . ‘ . 0.675

0 20 40 60 80

S6 lwgng kénh lgc
Hinh 4. Bj chinh xd; nhdn dang va thoi gian tinh toén khi
thay doi so lwong kénh ciia mang CNN

4.2.3. So sanh do chinh xdc nhdn dang khi thay doi kich
thuwoce bo loc

Tu két qua kiém tra & Phan 4.2.2, sb luwong kénh cia
16p Conv dugc lya chon la 32 cho khao sat nay, trong khi
d6, kich thudc cua bd loc duoc thay doi lan lugt 1a 3x3,
5x5, 7x7, 9x9, 10x10, 11x11, va 12x12. Qu4 trinh huin
luyén va kiém tra thuc hién tuong ty nhu cac phﬁn trén. Két
qua hi¢u nang nhan dang, kich thudc mang va thoi gian
thuc thi dugc thé hién trén Hinh 5. C6 thé thay, cac tham
s6 ciia mang CNN tang tir 20,5x103 1&n 301,3x10° khi thay
d6i kich thude bg loc tir 3x3 dén 12x12. Thoi gian tinh toan
tang gan nhu tuyén tinh tir 0,7 ms 1én 1,2 ms.
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Hinh 5. B¢ chinh xdc nﬁdn dang va thoi gian tinh toan khi
thay doi kich thuoc bo loc

D9 chinh x4ac nhan dang duoc cai thién dang ké khi thay
dbi kich thudc bo loc tir 3x3 dén 9x9 (ting = 3%), nhung
tde d6 tang cham lai dbi véi cac kich thude 10x10, 11x11
va 12x12. C6 thé thdy, khi tang kich thudc bo loc tir 3x3
1én 5%5 thi do 16n ciia mang ting thém 33,3x103 tham sb,
két qua 1a co thé cai thién do chinh xac nhan dang thém
1,8% va thoi gian thyc thi cho mét lan du doan gﬁn nhu
nhau (= 0,7 ms). Trong khi d6, khi tang kich thuédc tir 9x9
1én 12x12 lam cho kich thuéc mang CNN ting 131x10°
tham sé, tuy nhién d¢ chinh xac nhan dang chi tang co
0,19% ma thoi gian thuc thi du doédn lai chdm di dang Kké
(= 1,2 ms). Nhu vy, mang CNN v6i 32 bo loc kich thude
5%5 ¢6 thé duoc lya chon nhu cAu hinh t4i wu nhét trong
bai toan dang xem xét & nghién ciru nay khi tinh dén sy can
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béng gitta d¢ chinh xac nhén dang, d¢ 16n cua mang va thoi
gian thyc thi. Hinh 6 thé hién ma tran so sanh khi thyc hién
phan loai 3 dang tin hi¢u rada LPI khi ti s6 SNR = -5 dB.
C6 thé thiy rang, tin hiéu ra da dang xung diéu ché mot
song mang (Rect) dugc mang CNN dy doan chinh x4c nhat
do dang tin hiéu nay don gian nhat. Hai dang tin hi¢u ma
Barker va LFM cho ti 1¢ nhan dang dung thap hon do tinh
phtrc tap bién d6i pha va tan sb ctia chung. Trong d6, nhan
dang tin hiéu Barker chinh xac hon tin hiéu LFM. Hon nira,
ti 1¢ nhan dang nham cua Barker va LFM chu yéu roi vao
tin hiéu Rect, 1an Iuot 1a 1,6% va 2,8%. Diéu nay dung véi
thuc té nhan dang thu cong khi dya vao kinh nghiém cia
ngudi van hanh hé thong, rang phan biét tin hiéu Barker va
LFM kho hon so véi tin hi¢u Rect va thuong nham sang tin
hiéu Rect néu nhidu manh.

Ma tran so sanh

Barker

Nhén ding
o
1
=<

Rect

Barker LFM

Nhan du doan

Hinh 6. Ma trdn so sanh kha nang nhédn dang déi véi
tung dang song khi SNR = -5 dB

Rect

5. Két luan

Qua cac két qua khao sat, dé dat duoc do chinh xac cao
ma sb lwong cac tham s tinh toan va thoi gian xur 1y t6i wu,
mo hinh mang CNN véi 32 kénh, kich thude bo loc 5%5
duoc dé xuét dé nhan dang cac tin hiéu ra da LPI. K¥ thuat
tién xur Iy STFT duoc ap dung dé trich rat didc trung phd tin
hiéu dau vao phuc vu nhiém vy nhan dang trong diéu kién

truyén lan song dién tir twong d6i phirc tap (SNR = -10dB)
vi thoi gian xtr Iy nhanh hon ma van bao dam dugc d6 chinh
xac nhan dang can thiét. Nhu vay, nghién ctru nay da dua
ra duoc minh ching vé tinh kha thi khi 4p dung mang CNN
cho bai toan nhan dang tin hiéu rada LPI. Do d6, nhém tac
gia dinh huéng s€ mé rong nghién ctiru str dung mang CNN
bai toan nhan dang tin hiéu ra da LPI véi nhiéu kiéu loai da
dang hon trong cac diéu kién thyc té khac nhau. Hon nita,
mot mo hinh tdi wu s& dugc kiém chimg véi tin higu thyuc
nghiém va c6 thé dua vao ing dung trong hé thong thuc té.
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