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TOM TAT

Bai bao dé xudt mot thudt todn méi dé nhdn dang va wée lirong cdc tham sé tin hiéu ra da nhw
tan s6 séng mang, chu ky Idp, dé rong xung bang phirong phap xir Iy anh. Thudt toan de xudt bao
gom cé 03 buc chinh. Buée mot sir dung cac may thu nhiéu kénh dé uoc hwong tan s6 song mang
ciia tin hiéu. Budc hai ding dé trich xudt ddc trung cia tin hiéu trén mién thoi gian — tan so. Cuoi
cung, cdc phwong phap xir ly anh dwoc ap dung dé xdc dinh cdc tham s6 thoi gian ciia tin hiéu:
chu ky ldp, dg réng xung. Dé danh gid hiéu qud ciia thudt todn dé xudt, nhém tac gid sur dung cdc
tin hiéu mé phong trong MATLAB. Két qua mé phong cho thay, thudt todn dé xudt cé thé wéc
leong dwoc tham sé ciia tin hiéu don ciing nhw ciia hén hop tin hiéu.

Tir khoa: Tin hiéu ra da; Xir Iy anh; D6 rong xung; Tan sé song mang.
1. MO PAU

Trong hé théng ra da thu dong qua trinh trinh sat, phat hién, udc lugng tham s6 va nhan dang
tin hiéu dong vai trd quan trong [1]. Chinh vi vy, thuc t& d c6 nhiéu phuong phap méi duoc ap
dung dé nang cao chit lwong phat hién, xtr Iy va nhan dang cac tin hiéu ra da. Mot trong phuong
phap co ban nhat dugc ap dung trong viéc xir ly cac tin hiéu la sir dung cac phép bién d6i nhur:
bién d6i chu01 Fourier nhanh (FFT) [2]. Han ché cua phuong phap FFT la chi quan sat dugc tin
hiéu trén mién tan s6 va khong dua ra sy thay 601 ctia tin hiéu trén ca 2 mién thoi gian - tin sb.
Ngoai ra, FFT chi hiéu qua v&i cac tin hidu c6 ti sb tin/tap SNR >8 dB . Pé khic phuc cac han ché
trén, cac phuong phap xu Iy tin hiéu trén ca 2 mién thoi gian-tin sé di dugc st dung bao gom:
chudi Fourier thoi gian ngan (STFT) [3], phan bd Wigner-Ville (WVD) [4] va bién d6i Wavelet
lién tuc (CWT) [5]. Két qua phan tich ciia cac phuong phap néu trén sir dung nhu dau vao ciia bo
nhan dang tin hiéu. Mit khac, cing véi su phat trién ctia cong nghé khoa hoc, da c6 nhidu nghién
clru xay dung by nhan dang tin hiéu dua trén ng dung cua tri tu¢ nhan tao (Al) va may hoc (ML).
Céc phuong phap tiéu biéu sir dung tri tué nhan tao dé nhan dang tin hiéu bao gém: mang no-ron
tich chap (convolution neural network — CNN) [6], mang DGnet [7], mang tich chdp song kénh
(dual channel CNN) [8]. Cac phuong phap néu trén nhan dang dugc cac tin hiéu xung, tin hiéu
diéu tan tuyén tinh (LFM), ma barker (BPSK) va cac tin hiéu manip pha (Frank, P1, P2, Px, Zadoff-
Chu) véi SNR >—6 dB . Han ché 16n nhét ctia cac phuong phap sir dung Al va ML d6 1a yéu cau
can phai xay dung co so dit liéu va thoi gian huan luyén mang 16n va khong nhan dang duoc hon
hop tin higu.

Dé khic phuc han che cta cac phuong phap néu trén, bai bao nay dé xuat mot phuong phap
mdi st dung dé trich xut dic trung tin hiéu nhu tan s6 song mang, do rong xung, do di tan. Phuong
phap dé xuat dya trén xu Iy anh thoi gian-tan sd cua tin hi¢u. Phuong phap dé xuét gdm c6 03 phan
chinh: Phan thir nhat str dung cac bang loc dé uée lugng tan s0 sdng mang cua tin hi¢u. Phan thtr
hai dung dé trich Xuat ddc trung cua tin hiéu trén ca 2 mién thoi gian — tan sd. Phan thi 3 wéc
lugng cac tham s6 thoi gian, d6 di tAn cua tin hiéu bang phuong phép xu 1y anh. B cuc bai bao
gdm céc phan: phan 2 1a md hinh thu tin hi¢u ctia hé thong thu dong. Phan 3 trinh bay co so ly
tthuyét va cac budc cia thuat toan. M6 phong danh gia, so sanh hi¢u qua cia thuat toan dugc trinh
bay & phan 4. Cac két luan va huéng nghién ciru méi dugc tong hop & phan 5.
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2. MO HINH THU TiIN HIEU

Tin hiéu tai dau vao cua may thu trinh st dién tir dic biét 1a hé théng ra da thu dong duoc ky
hiéu r(t) va duoc tinh bang cong thirc (1).

r(t)=s(t)+n(t) (1)

trong do, n(t) 14 nhidu. Hinh 1 minh hoa tin hiéu thu duoc tai tu vao may thu véi SNR =0 dB.

Hinh 1 cho thy véi tin hi¢u c6 SNR thap, phuong phap xi 1y trén mién tan s6 (FFT) khong phat
hién va nhén dang duoc tin hi¢u do hé thong thu dong khdng c6 thong tin ti€n nhiém.
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Hinh 1. Phé bién dé cia tin hiéu tai dau vao mdy thu.
3. THUAT TOAN PE XUAT
So d6 tong quan cua thuét thoan duoc trinh bay trén hinh 2. Thuét toan dé xut bao gdm 3 budc
chinh. Budc 1 udc lugng tan so song mang f, cua tin hi¢u bang cac bang loc. Bude 2 trich xuat
cic dic trung cua tin hidu trén hai mién thoi gian — tin sd. Budc 3 xir 1y cic anh
thoi gian — tan s0 cua tin hiéu dé udc luong tham so6 thoi gian cda tin hiéu: d6 rong xung 7,
chu ky 1dp T, va do di tan. So do thuat toan ciia phuong phap dé xuat dugc trinh bay trén hinh 3.

Tham s6 tin hiéu mé phong duge thdng ké trong bang 1.

r—5 . .. °r—- - 4. o, - - - = 7 7 A T T T -
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| [ I I
Tin hiéu l Bang loc ! l Xur ly ! l Xtr ly anh U'c lugng tham sé tin hiéu |
thu dugc (udc lugng tan sb) thoi gian-tan s6 FT™  thoi gian - tan s6 (d6 rong xung, chu ky lp) |
| [ [ I
| [ [ I
L e - e - - - _ _ _ ___ ]

Hinh 2. So do tong quan ciia thudt todn dé xudt.
3.1. Uéc tin s6 séng mang ciia tin hiéu
Trong trinh sat dién ti, viéc dau tién va quan trong d6 1a xac dinh tan s song mang f,
tin hiéu. Vi vay, dé xac dinh tan §6 song mang cua tin hi¢u, tac gia str dung bang loc vdi dai thong
10 MHz va 100 b6 (hinh 4). Pau ra Cﬁi} cac bd loc dugc dua qua bo phat hiép tin hiéu CFAR
(constant false alarm rate) véi xac suat phat hién dang P, =90%, xac suat bdo dong lam
P,=1e-7. Tan s song mang cua tin hiéu dugc xac dinh tai cac diém tuong rng vuot ngudng.
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Hinh 5 minh hoa két qua dau ra ctia bang loc (mau xanh) va ngudng phat hién CFAR (mau do).
Chung ta thdy rang, tai tin sb f.= 60(MHZ) c6 cong sudt P =41, 82(dBm) vuot ngudng phat
hién, hay noi cach khéac, bang cach sir dung két hop giira cac bang loc va bd CFAR, c6 thé xac
dinh duoc tan sb song mang cua tin hi¢u. Budc tiép theo cua thuét toan 1a trich xuit dac trung cua
cac tin hiéu da dugc phat hién. Cac ky thuat sir dung dé trich xuét dac trung cua tin hi€u trén ca 2
mién thoi gian-tdn s duoc trinh bay & phan dudi.

Bing 1. Tham s6 mé phong.
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Hinh 4. Ddc tuyén ciia bang loc.
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3.2. Xir Iy tin hi¢u trén ca hai mién thoi gian-tin so
Trong xur 1y tin hiu trinh sat, hai phuong phap thong dung nhét dé trich xuét dic trung
thoi gian-tan so6 bao gom: phép bien doi chuoi Fourier thoi gian ngan (STFT) [3] va phan phoi

luong ding

Hinh 3. So d6 thudt todn.

é 60 Péu ra bo loc
) 41.8284 CFAR
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Hinh 5. Két qud woc heong tan so.
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Wigner-Ville (WVD) [4]. STFT duoc biéu dién bang cong thic (2):
STFT {x(t)} = [ x(t)w(t—9)e dt )

trong d6, w(t—$) 1a ham ctra s6 (hinh vudng, hinh chit nhét, hann, hamming,...) va ¢ 1a d¢ dai
ham ctra s6. WVD duoc biéu dién bang cong thic (3):

K 9\ 3\
WVD{x(t)l = | x| t+= x| t—= [e71d 9 3
pop e g 3) <>
trong d6, X" (t—9) 1a lién hop phirc ciia X(t— ). Ngoai ra, trong cdc nghién ctru di trude sir dung
CWT [5] nhu phuong phap trich xuat dic trung cua tin hidu trén mién thoi gian-tan s6. CWT dugc
viét theo cong thirc (4):

CWT(ta)j u)y,, (u)du 4)

trong d6, a 1a hé s6 ¢d dinh, y,, (u) 12 ham Wavelet va y, (u) 1a lién hop phtrc cia y,, (u).
Tham s6 clia cac phuong phap trich xuét ddc ctia tin hiéu trén ca 2 mién thoi gian — tan s6 duoc
tong hop trong bang 2 va két qua phan tich tin hiéu dugc minh hoa trén hinh 6. Hinh 6 thé hién sur
bién thién tan sb theo thot gian cua tin hiéu (dudng mau vang). Mt khac, hinh 6 cho thay, d6 phan
giai cua anh thoi gian- -tAn s6 phu thudc vao phuong phap trich xuit dic trung vao tham s6 cua no.
Tt trén cho thiy, bang cach xac dinh dudng bién thién (mau vang) trén anh thoi gian- -tan sb chiing
ta ¢6 thé udc lugng cac gia tri khac cia tin hiéu nhu: d6 rong xung, d6 di tan hoac chu ky ldp cua
tin hiéu.

Bing 2. Tham s6 ciia cdc phicong phdp xir Iy thoi gian — tan so.
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Hinh 6. Két qua trich xudt ddc trung cia tin hiéu trén mién thoi gian-tan s6: a) STFT: b) WVD.
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Hinh 7. So do khoi chire nang ciia bé wée lwong do rong xung tin hiéu.
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3.3. Uéc lwgng tham sb khac cia tin hi¢u

So dd khéi chirc nang va so dd thuét toan cua bd ude lugng tham s6 tin hiéu duoc trinh bay
trén hinh hinh 7 va hinh 8(a). Két qua nhi phén anh thoi gian -tan sb (sau blén d6i WVD) dugc thé
hién trén hinh 8(b). Hinh 8(b) cho thay, céc tham s thoi gian va do di tan cua tin hi¢u dugc tinh
bang d6 dai duong cyc tri (mau trang) 1an luot trén cac truc thoi gian va tin sd. Cac ving cuc tri
ctia anh thoi gian tan-s6 duoc luu theo cong thirc (5):

Mi:[A’jsi’jeﬂ rsi’rei:| (5)
M:[Mlv”'!MK]

trong d6, M, 1a viing cuc tri thiri véi i =1,---, K véi K 1a tong s viing cuc tri, Ala cuong do anh,
j; J. cot bat dau va két thuc var,;r, 1a hang bat dau va két thiic ving cuc tri. So d6 thuat toan tim
vung cyc tri dugc trinh bay trén hinh 9. D6 di tin va do rong xung cta tin hidu dugc tinh theo biéu

thirc (6):
Af =(r, —r )xdf
At=(j, - jg)xdt

A
Anh thoi gian-tan s6 0.8
At-t3 fmini tmin Tinh sai s uoc luong
v & € 100
0.6
Xac dinh ngudng nhi phan T Pung
v / 04
Nhi phan héa sai 50
A =1ifA;>T al
Arp=0ifA_;<T 02
v
Xic dinh L » Tinh Af; At 0 0
0 5 10 20 25 30

vung cuc tri

(6)

f (MHz)

t(us)
a) b)
Hinh 8. So do thudt todn va két qud nhi phdn anh: a) so do thudt todn, b) két qua nhi phéan danh.
Trong vi du trén, céc gid tri df =244,37(kHz)va dt=14,65(ns) duoc lay tir phuong phap
WVD va f. =1(MHz);t,, =05(us). Gid tri ciia ving cuc dai bao gom
A=1 j, =343; j, =1024; r, =196; r, = 277 . Tham sd ciia tin hi¢u dugc tinh theo (7):
Af =(r, —r)xdf =(277-196)x 244,37=19,79 (MHz) > f . =1(MHz)

{At =(J, — js ) x dt =(1024 — 343) x14,65=9,98( 15 ) > t,;, =0,5( us)

Te (7), ching ta thdy d6 di tin va d6 rong xung cua tin  hiéu
BW, =19,79(MHz); 7, =9,98(us)va sai s6 khi u6c lugng tham sb tin hiéu dugc tinh theo (8).

()

|T—Te| |10—9,98|
g =——x100%="——=2,0%
T 10 ®)
% 100% = M —1,05%

Caw =
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Ma tran nhi
phan

Vung cuc tri cot 1

Thuat toan 1: Tim cac vung cuc tri

Tham s6 diu vao: Ma tran nhi phan A

Tham so dau ra: Vung cuc tri M ¥
’ , . N . N A For j = 2:F
Budce 1: Xac dinh viung cuc tri M, ctia cot 1 >
v
Budére 2: Xéac dinh vung cuc tric ctia cac cdt con X o
. L. . Vung cuc tri ¢t j
lai Mj voi |=2,3,...,F e
- . A ’ \ LR , A Hop nhét
Bude 3: Hop nhat cac ving cuec tri cia cac cot ving cue tri

gan nhau.

Hinh 9. So do thudt todn tim viing cuec tri.
Céc két qua mo phong cho thiy, thuat toan dé xuét c6 thé udc lwong duoc tham sb tin hidu nhu
tan s6 séng mang: f, =60(MHz), r=9,98(us) va BW =19,79(MHz) va sai sb uéc lugng
P, <5% véi SNR =0 dB . Trong phan tiép theo ciia bai bao tién hanh danh gia hi¢u qué ctia thut
toan d& xudt ddi v6i hon hop tin hiéu LFM va xung ra da trong diéu kién nhidu tap voi
SNR =—-6 dB.
4. MO PHONG, TINH TOAN, THAO LUAN

4.1. Dir li€éu m6 phéng

~ Trong phan nay, hiéu qué cua thuat toan dé xuét dugc danh gia thong qua viée udc luong tham
s0 ctia hon hgp 2 tin hiéu LFM va xung ra da vdi SNR = —6 dB. Ngoai ra, trong phan nay tién hanh
so sanh danh gia anh huong cua cac phuong phap STFT va WVD dén két qua ude lugng cac tham
s0 tin hi¢u. Tham s0 cua cac tin hi¢u khi khong cé nhieu dugc tong hop trong bang 3.

Bing 3. Tham sé tin hiéu mé phong. " ,
. , (Bié Péu ra bo loc
Tin hiéu Tham so . ST ——CFAR
tr1 Y 48.4563
Bién d6 A(V) 1
Tan s6 song mang A45 T
Xung ra f, (MHz) 100 i
da — z
D0 rong xung
10 407
7 (us)
Tan s6 séng mang
f, (MHz) 130
A A 350 260 460 ()(‘)0 860 1000
LEM Do rong xung 10 £ (M2)
% (“S) Hinh 10. Két qua wdc lwong tan so séng mang
bo di tan 20 cua tin hiéu.
BW ( MHZ)

4.2. Két qua mé phong
a) Ubc heong tan sé song mang
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Két woc luong tan sé song mang st dung bing loc (duong mau xanh) két hop CFAR
(duong mau do) dugc minh hoa trén hinh 10. Hinh 10 cho thay rang, hon hop c6 02 tan so
f, =100(MHz) v6i cong sudt P =4845(dBm) va f_=125(MHz) va cong suat

P, =42,70(dBm) vuot ngudng phét hién. Hay néi cach khéc, bang cach két hop bang loc va CFAR
chiing ta c6 thé uc lugng dugc tn s6 song mang cua tin hi¢u f, =100(MHz)va f, =125(MHz).
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Hinh 11. Két qua trich xudt déic trung tin hiéu: a) STFT; b) WVD.
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Hinh 12. Két qua nhi phdn héa dnh thoi gian-tan s6 ciia tin hiéu: a) STFT: b)WVD.

b) Xir Iy tin hiéu trén cd hai mién thoi gian-tan sé

Trong phan nay, tac gia su dung 2 phuong phap STFT va WVD dé trich xuét dac trung cua tin
hiéu trén ca hai mién thoi gian-tan s6. Két qua trich xuét dic trung cua tin hiéu dugc thé hién &
hinh 11. Hinh 11 cho théy, ca hai phuong phap trén dey c6 thé trich xut dugc dac trung cua tin
hiéu. Phuong phdp WVD c6 kha néng triét nhieu tot hon, mat d6 pho cong sudt lon nhat
WVD,, =7500(—) va nhé nhit WD, = —1000(—) (hinh 11(b)). Nguoc lai, phuong phap STFT
c6 mat do pho cong sudt 1on nhat STFT,, =100(—) va nhé nhat STFT, , =0(—) vacé nhiéu diém
nhiéu (hinh 11(a)).
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¢) Udc luong tham $6 khdc cua tin hiéu

Két qua nhi phén hoa anh thoi gian-tan s cua tin hiéu sir dung phuong phap Otsu dugc thé
hién trén hinh 12. Két qua nhi phén hoa cho thay, ngoai cac dudng thang thé hién dac trung cua
tin hi¢u thi ¢ STFT chtra nhi€u diém sang (nhicu) hon so véi WVD. Két qua ude luong tham s6
tin hi¢u va sai s6 khi udc lugng dugce thong ké trong bang 4.

Tir cac két qua trén clgﬁng ta thay, ca hai phuong phap STET va WVD déu c6 thé sir dung dé
ude lugng tham so6 cua hon hop tin hi€u véi do chinh xac ude lugng P, >90% . So véi voi STFT,
phuong phap WVD cho d6 chinh x4c uéc lugng cao hon ( P, =98,7% ), trong khi phuong phap
STFT chi dat d§ chinh xac P, =96,2%.

Bing 4. Két qua wéc heong cdc tham s6 tin hiéu.

Tin hiéu Tham sb STET WVD
- Gi4 tri do Sai s6 (%) Gi4 tri do Sai 50 (%)

f, (MHz) 100 - 100 -
Xung ra da

7, (us) 9,67 3,3 10,03 3,0

f, (MHz) 125 3,48 125 3,48
LFM 7, (1) 10,03 3,0 10,01 1,0

BW (MHz) 21 5,0 19,8 1,0

5. KET LUAN

Trong bai bao nay dé xuit mot phuong phap méi dé udc luong tham s va nhan dang tin hiéu
ra da cho mang nhan tao. Thuét toan dé xuét sir dung két hop gitra bd CFAR va xur Iy anh thoi
gian-tan sb cua tin hidu. Hiéu qua cta thuat toan dugc danh gia qua hai truong hop: trudng hop
thir nhét cho cac tin hiéu don va trudng hop thir 2 cho hén hop tin hiéu. Cac két qua cho thay, ca
2 phuong phap STFT va WVD déu nhan dang va udc lugng duge tham sb tin hiu véi
SNR =—6 dB. Nhung so STFT, phuong phap WVD cho d§ chinh xac udc lugng cao hon
P, =98,7% . Ngoai ra, phuong phap dé xuat khong yéu ciu cac thong tin tién nhiém vé tin hiéu
hay co s dit liéu nhu cac phuong phap sir dung tri tué nhén tao. Trong cac nghién ctru tiép theo,
tac gia nghién ctru xay dung thudt toan nhan dang cac tin hiéu trén cac tham s da woc luong.
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ABSTRACT
A new algorithm for recognizing and estimating radar signal parameters

This paper proposes a new algorithm based on image processing to recognize and
estimate radar signal parameters such as carrier frequency, pulse width and modulation.
The algorithm includes three steps. In the first step, banking filters are used for detecting
and estimating signal carrier frequency. Time-frequency analysis is used in second step to
extract signal feature. The last step is based on image processing for estimating pulse width
and signal modulation. The simulated signals in MATLAB is used to evaluate performace
of algorithm. Simulation results show that the proposed method is able to recognize and
estimate parameter of single and multi-component signals.

Keywords: Radar signal; Image processing; Pulse width; Carrier frequency.
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