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This paper investigates several signal processing techniques for passive surveillance
and radar systems, focusing on the Fast Fourier Transform, Short-Time Fourier
Transform, Wigner—Ville Distribution, and In-phase/Quadrature analysis in
MATLAB. Simulation results show that Fast Fourier Transform provides detailed
spectral information, particularly with larger Fast Fourier Transform points, while
Short-Time Fourier Transform enables time—frequency representation but degrades
at low signal-to-noise ratios. Wigner—Ville Distribution achieves superior resolution
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In -phase/Quadrature

Signal to noise ratio

independent of window size and preserves signal characteristics under noisy
conditions, though it suffers from cross-term interference. In-phase/Quadrature
analysis extracts instantaneous amplitude, phase, and frequency, offering valuable
features for radar signal modulation recognition. Comparative results across various
signal-to-noise ratios levels demonstrate that each technique exhibits distinct
strengths and limitations. Fast Fourier Transform is effective for frequency-domain
inspection, Short-Time Fourier Transform balances temporal and spectral analysis,
Wigner—Ville Distribution offers robustness and fine resolution in high-noise
scenarios, and In-phase/Quadrature analysis supports detailed signal
characterization. Among these methods, Wigner—Ville Distribution shows notable
resilience against noise, making it particularly suitable for detecting low-
probability-of-intercept radar signals. The findings highlight the role of advanced
time—frequency analysis in improving passive radar performance and provide a
foundation for future research in radar signal processing.
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Bai bdo nay nghién ciu mot s ky thut xir 1y tin hiéu cho hé théng trinh sat thu dong
va tip trung vao bién ddi Fourier nhanh, bién ddi Fourier ngin han, phan bé Wigner—
Ville, va phén tich In-phase/Quadrature trong méi truong MATLAB. Két qua mo
phong cho thiy bién d6i Fourier nhanh cung cip phé tan sé chi tiét, dic biét khi sir
dung sb diém bién dbi Fourier nhanh l6m; trong khi d6 bién ddi Fourier thoi gian ngén
cho phép biu di&n thoi gian—tin sb nhung suy giam hiéu qua & didu kién ty s tin hiéu
trén nhidu thap. Phan bd Wigner—Ville dat d6 phan giai vuot troi, khong phu thudc kich
thudc cira s6 va duy tri dac tinh tin hidu trong méi truong nhidu, mac di ¢ thé xudt
hién nhidu chéo. Phan tich In-phase/Quadrature cho phép trich xut bién do tuc thoi,
pha va tin s6, hd tro nhan dang didu ché. Két qua so sanh & nhiéu muc tin/tap cho thay
mdi ky thuat c6 uu va nhugce diém riéng. Bién déi Fourier nhanh phi hop cho phén tich
mién tin s, bién dbi Fourier thoi gian can bing phan tich thoi gian—tin s6, phan b
Wigner—Ville thé hién do bén viing va d6 phan gidi cao trong méi truong nhiéu, trong
khi In-phase/Quadrature hd trg dic trung chi tiét tin hiéu. Trong s& d6, phan bd
Wigner—Ville cho thiy kha nang chéng nhidu ni bat, dac biét hitu ich cho phat hién tin
hiéu ra da c6 xac suat bi chan thép. Cac két qua nay nhdn manh vai trd ctia cac phwong
phép phén tich thoi gian—tan sb tién tién trong viéc nang cao hiéu ning ra da thu dong,
ddng thoi tao nén tang cho cac nghién ciu tiép theo trong xir Iy tin hiéu ra da.
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1. Gigi thiéu chung

Trong bdi canh tac chién hién dai, cac hé théng trinh sat dién tir dugc yéu cau dap g nhiing
tiéu chi khat khe nhu dam bao tinh bi mat (chdng trinh sat va ché ap dién tir), dong thoi phai co
pham vi hoat dong va bang thong trinh sat tirc thoi lon [1]. Dé thoa man cac yéu cau nay, h¢
thong trinh sat thy dong (Passive Surveillance System — PSS) da duoc nghién ctru va trién khai
trong thuc té. Mot s6 hé théng tiéu biéu da dwoc phat trién tai Séc, Nga va cac qudc gia phuong
Tay, dugc gioi khoa hoc va quan sy danh gia cao [2].

Céch tiép can thy dong mang lai nhleu vu diém nodi bat: giam nguy co bi d6i phuong phat hién
hodc gy nhiéu, ning cao kha ning séng sot cua hé thong, dong thoi tiét kiém ning luong va chi
phi trién khai. Nho d6, PSS khong chi duge ing dung trong linh vuc dan sy nhu giam sat khong
Iru hay kiém soat bién gidi, ma con tré thanh cong nghé ¢t 13i trong cac hé thong trinh sat dién
tr va canh bao sém quén sy [3]. V& chiic ning, cac hé théng PSS dam nhan hai nhiém vu chinh:
dau tién 1a xac dinh vi tri cia cic ngudn phat xa va thi hai 1a nhan dang cac ngudn phat xa dé xay
dung birc tranh tong thé vé moi trudng dién tir, hd tro chi huy téc chién.

bé dat duoc kha nang phat hién va nhan dang chinh xac, cac hé théng trinh sat thy dong can
ap dung cac ky thuat xir Iy tin hi€u tién tién nhém nang cao ty sd SNR, tach biét tin hiéu quan tam
khoi hon hop, dong thoi trich xuat cac tham s dic trung cua nguon phat xa. Trong s6 do, mot s6
phuong phap phd blen thuong dugc st dung c6 thé ké dén nhu Bién dbi Fourier nhanh (FFT) [4],
Bién d6i Fourier ngin han (STFT) [5], Phan bd Wigner—Ville (WVD) [6] va phan tich In-
phase/Quadrature (1/Q) [7]. V& viéc so sanh, danh gia hiéu qua timg thuat toan thi chua c6 nghién
clru nao chi ra.

Vé mit hoc thuét, dd c6 nhidu nghién ctru sir dung tri tu¢ nhan tao de giai quyet bai toan nhan
dang tin hiéu. Trong cac nghién ciru [8] — [11], cac tac gia di dé xuét cac cau trac mang khac
nhau dé nang cao higu qua nhan dang tin hi¢u diéu ché trong xung cho hé théng PSS. Cac thuat
toan st dung tri tué nhan tao nay da cho cac két qua vuot troi so vdi cac phuong phap truyén
thong (d6 chinh xac nhan dang 90% v6i SNR = -8 dB) [11]. Tuy nhién han ché chung cua cac
phuong phap nay la can thu thap luong dir lidu 16n dé huan luyén va tat ca dang chi dimg ¢ cac ly
thuyét va mo phong chua dua vao thyc té & trén cac PSS.

Chinh vi vdy, pham vi nghién ctru cta bai bdo tap trung vao viéc phén tich va so sanh bbn
phwong phap xur 1y tin hiéu phé bién da duoc trién khai trong cac hé thong trinh sat thu dong, bao
gom FFT, STFT, WVD va phén tich /Q v6i cac tin hiu ra da nhu: xung, diéu tan tuyén tinh
(LFM) ma Costas, ma Barker, ma Frank va ma P. Viéc danh gia duoc tién hanh dya trén hai tiéu
chi 12 do chinh x4c nhan dang va ti s6 SNR, qua d6 1am r6 uu dlem va han ché cua timg phuong
phap. Két qua thu dugc khong chi cung cap cai nhin dinh lugng Ve hiéu qua cua timg ky thuat ma
con tao co s¢ khoa hoc quan trong cho viée lya chon giai phap t6i wu, bao dam hé thong trinh sat
thu dong co thé dap img tbt cac yéu cau thue té trong moi truong tac chién dién tir hién dai.

Céu triic bai bao gdm c6 3 phan chinh: cac co s& 1y thuyét clia cac thuat toan xir 1y tin hi¢u
dugc trinh bay ¢ phan 2. Phan 3 danh gia hiéu qua ctia timg thuat toan voi tap dit liéu cac tin higu
ra da trong MATLAB. Phén 4 1 két luan tong quan.

2. Cac phuwong phap xir ly tin hi¢u

Trong phéan nay, bai béo tap trung trinh bay cac phuong phap xur ly tin hiéu pho bién hién dang
duoc ap dung trong nhiéu hé thdng trinh sat thu dong. Cu thé, cac ky thut nhu bién d6i Fourier nhanh
(FFT), bién dbi Fourier ngan han (STFT), phan b6 Wigner—Ville (WVD) va phén tich 1/Q.

2.1. Bién déi Fourier nhanh
Thuat toan Cooley—Tukey [6] cho phép tach DFT d6 dai N thanh cac DFT con trén mau chan
va 1¢, tir d6 giam do phirc tap tinh toan tir O(Nz) xudng O(Nlog, N). Nho wu diém nay, FFT

trd thanh cong cu nén tang trong phan tich phd ra da va nhan dang tin hiéu dién tir trong cac hé
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thdng tac chién dién tir [8], ciing nhu trong nhiéu img dung k¥ thuat khac nhu do rung dong, phan
tich am thanh, kiém tra chat lugng tin hi€u va chan doan tinh trang may moéc [4]. Cong thirc tong
quat cua DFT dugc bi€u dién nhu sau:

X(k)= 3. x(n)e 2 &

trong d6, N 1a sé diém tinh DFT, x(n) tin hiéu dau vao, X(k)la phd cia tin hiéu va
k=012,...,N-1.
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Hinh 1. Két qua tinh FFT cua tin hiéu Costas 3 véi SNR = 5 dB: a) NDFT = 512;
b) NDFT = 1024; ¢) NDFT = 2048; d) NDFT = 4096

Hinh 1 minh hoa phd bién d6 cua tin hiéu Costas 3 voi gia tri s6 diém FFT (NDFT) khac
nhau. O Hinh 1a va Hinh 1b v6i NDFT nho ( NDFT < 2048), pho tin hiéu kho quan sat, hay noi
cach khac 1a viéc nhan dang tin hiéu tr¢ nén khé khan. Trong mot $6 truong hop
(NDFT =2048) chi xuat hién mot vach pho (Hinh 1c), dé gy nham 14n véi cac xung ra da thong
thuong. Két qua phén tich chinh xéac tin hiéu Costas chi dat duoc véi NDFT =4096 (Hinh 1d).
Diéu nay cho thiy hiéu qua nhin dang tin hiéu bang FFT phu thudc dang ké vao s6 diém FFT
(NDFT) duoc lwa chon. Ngoai ra, FFT chi quan sat duoc tin hiéu trén mién tin sd, khong xac
dinh dugc sy thay ddi tan so6 theo thoi gian cua tin hiéu. Chinh vi vay, dan toi nhdm 13n gilta cac
tin hiéu M-FSK véi Costas va cac tin hiéu diéu ché pha.

2.2. Bién déi Fourier thoi gian ngin (STFT)

Dé khéc phuc cac han ché cua phép bién ddi Fourier roi rac (FFT), bién d6i Fourier thoi gian
ngan (STFT) dugce sir dung nhu mot cong cu hiéu qua trong phan tich tin hi¢u. STFT cho phép
biéu dién tin hiéu ddng thoi trong mién thoi gian va mién tan sb [5 ] Uu diém nay dic biét quan
trong dbi vé6i cac bai toan giam sat va nhan dang tin hiéu c6 pho bién thién nhanh nhu tin hiéu ra
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da didu tan hodc tin hiéu nhay tan trong hé théng thong tin vo tuyén [12]. Tuy nhién, STFT cling
ton tai han ché cb hiru vé sy danh do6i gilra do phan g1a1 thot gian va tan sd, von phu thudc truc
tiép vao do dai ctra s6 phén tich: ctra s6 ngan nhay voi bién ddi nhanh nhung kho phén biét cac
thanh phdn tan s6 1an can, trong khi ctra s dai cai thién do phén giai tan s6 nhung giam kha ning
theo ddi cac bién thién tirc thoi [9]. Biéu thire tong quat cia STFT dwgc mo ta nhu sau:

X(r,f)= 3 x(n)o(n—r)e 2" )

Trong d6 X(z,f) 1a két qua tinh STFT, x(n) 14 tin hiéu diu vao, @(n—r) 1a ham ctra s va
71a d0 dai ham cira s6. Hinh 2 minh hoa két qua tinh STFT cua tin hiéu Costas 3 voi hai kich
thudc ham cira s6 khac nhau (NW = 512 va NW = 128). Khi sir dung kich thudc ham cira s6
NW = 512 (Hinh 2a), anh thoi gian — tan s thé hién rd kha ning tach biét cac thanh phan tan sb,
song thong tin vé thoi diém bat dau va két thic tin hidu tré nén kém rd rang. Nguoc lai, voi kich
thudc ham cira s6 nhd hon NW = 128 (Hinh 2b), Thoi diém xuit hién tin hiéu duoc thé hién rd
rang hon (mau vang), nhung kha ning phan biét tan s riéng 1& bi suy giam.
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Hinh 2. Két qua tinh STFT cuia tin hiéu Costas 3 véi SNR = 5 dB: a) NW = 512; b) NW = 128.

2.3. Phéin bé Wigner-Ville (WVD)

Phan bd Wigner—Ville (WVD) 1a mot cong cu phén tich tin hiéu trong mién thoi gian—tan s6
v6i d6 phan giai rat cao, dat giéi han tdi wu theo nguyén 1y bat dinh Heisenberg [7]. Khac véi
bién d6i Fourier ngén han (STET), v6n phu thudc vao ctra sd phan tich, WVD khong sir dung ctra
s nén khong bi gioi han d6 phan giai bdi tham ) nay. Bén canh d6, WVD con thoa man tinh
chat bao toan ning lugng, tirc ning lugng toan phan cla tin hidu trong mién thoi gian—tan sb
bang v6i ning luong cua tin hiéu trong mién thoi gian [13].
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Hinh 3. Két qud phan tich tin hiéu Costas 3: a) STFT; b) WD
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Tuy nhién, WVD ciing ton tai nhitng han ché, dién hinh 13 su xuét hién cta cic thanh phan
giao thoa (cross-terms) khi tin hi¢u c6 nhiéu thanh phan tan sb, gay kho khan trong viéc dién giai
két qua. Ngoai ra, do phure tap tinh toan cua WVD cao hon so voi cac phuong phap FFT hoac
STFT. Du véy, nho uu diém vuot troi, WVD da duoc mg dung rong réi trong nhiéu linh vuce.
Trong hé thong ra da, no hd tro phan tich tin hiéu phan xa dé tach biét cac muc ti€u co van tde
khac nhau [13]. Dbi véi hé théng thong tin, WVD phuc vu giam sat phd va phat hién tin hiéu LPI
(Low Probability of Intercept). Ngoai ra, trong y sinh, WVD duoc sir dung dé phan tich céc tin
hiéu ECG, EEG nham phat hién bat thuong [14]. Hinh 3 13 vi du minh hoa két qua phan tich tin
hiéu Costas 3 véi STET va WVD. Két qua cho théy, WVD c¢6 nhiéu vu diém vuot troi hon nhu
tang kha ning phéan biét tin hidu & mién thoi gian cling nhu mién tan sé (Hinh 3).

2.4. Phdn tich I/Q (In-phase/Quadrature)

Phén tich I/Q (In-phase/Quadrature) 1& mét k§y thuat xur 1y tin hiu co ban nhung c6 vai tro
then chét, cho phép biéu dién tin hiéu dudi dang hai thanh phan truc giao: I (d6ng pha) va Q
(Vuong pha) Qua trinh nay duoc thuc hién bang cach tron tin hidu bang tan cao v&i song mang
cosine va sine cung tan s6, sau do loc thong thap dé thu dugc tin hiéu co s¢ phic (complex
baseband) [14], [15]:

x(t)=1(t)+jQ(t) (3)
00 ‘ ‘ ‘ ‘ ‘ ‘ trong do6 I(t) va Q(t) lan luot 1a phan
thue va phan 4o cta tin hiéu. Tir biéu dién

nay, cac ddc trung quan trong cua tin hi¢u
c6 thé duoc xac dinh tryc ti€p:

A:«/I2+Q2
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Hinh 4. Két qua xit 1y tin hiéu Costas bang xir 1y 1Q dt

Uu diém ndi bat cta phan tich I/Q 1a kha ning bao toan dy du thong tin bién d6 va pha, nhd
d6 cho phép phan tich chinh xac tan s tirc thoi, dd dich Doppler cung nhu ddc tinh diéu ché cua
tin hiéu. Phuong phap nay duoc tmg dung rong rai trong ra da dé do van téc muc tiéu va nhan
dang tin hiéu LPI, cling nhu trong cac h¢ thong thong tin vo tuyén hién dai [1].

Tuy nhién, viéc thuc hién bién doi I/Q doi hoi sy dong bo chinh xéc giita dao dong ndi va tin
hiéu thu, dong thoi dé bi anh hudng boi nhiéu pha hodc sai 1éch can bang giita hai kénh I va Q [16].
Mic du ton tai nhiing thach thirc ndy, bién d6i I/Q van dugc xem la mot cong cu nén tang, dong vai
trd khong thé thay thé trong cac hé thong xtr 1y tin hiéu sé hién dai. Hinh 4 minh hoa két qua phén
tich tin hiéu Costas 3 béng phuong phap I/Q. Két qua cho thay sy bién thién tan s theo thot gian
ton tai cua tin hiéu duoc thé hién mot cach rd rang. Phuong phap nay khong chi phan anh m01 quan
hé tan s6-thoi gian ma con cung cip ddy du thong tin vé thoi diém xudt hién ciing nhu tan s trong
(g clia tin hi¢u, tir d6 hd trg hiéu qua cho qua trinh nhan dang va phén tich dang diéu ché.

3. Panh gia hiéu qua ciac phwong phap xir ly tin hi¢u

Trong phan nay, tic gia tién hanh danh gi4 hiéu qua cua cac thuit toan da trinh bay dbi vé6i timg
loai tin hi€u ra da dién hinh, bao gom: xung co ban, diéu tan tuyén tinh (LFM), ma Barker, Frank
va P. Qua trinh danh gia dugc thuc hién trong moi truong MATLAB, véi tiéu chi so sanh Ia ti so

SNR t4i thiéu can thiét dé dat dwoc xac sudt nhin dang chinh xac P., 285%. D¢ tin cdy cua két
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qua dugc dam bao thong qua kiém dinh v&i 5000 mau cho mdi loai tin hiéu. Cac tham sd tin hiéu
str dung trong qué trinh danh gia duogc trinh bay trong Bang 1. Cac tham s cua cac k¥ thuat FFT,
WVD, STFT dugc tong hop trong Bang 2. So do thuét toan dé d4nh gia hiéu qua cac phuwong phap
dugc minh hoa trén Hinh 5. Sai s6 trung binh binh phuong dugc tinh theo cong thic (5).

RMmSE - LY~ Yroise (5)
"Ynoise "

trong d6 RMSE 14 sai sb trung binh binh phwong, Y 1a két qua phan tich tin hiéu gbc (khong
c¢6 nhiéu); Yoise 12 két qua phan tich tin hiéu c6 nhidu. Trong bai bdo nay, ngudng so sanh duoc
thiét lap ¢ dinh Hy = 5x107%® . Hinh 6 trinh bay d6 chinh xac nhan dang cac tin hi€u theo tiing
mirc SNR ddi voi cac phuong phap xir 1y khac nhau. Cu thé, Hinh 6(a) cho thdy phwong phap
FFT tai (SNR = 0 dB) cho két qua nhén dang tot nhat vdi cac tin hiéu ma P1 (dudong mau xanh 14
- P, =87,93%), tiép theo 13 xung ra da (mau den - P., =66,31%), Frank (mau tim - P, =63,13
%), LFM (mau vang - P., =40,35 %), Barker (mau d6 -P., = 26,13 %), va thap nhét 14 tin higu
Costas (xanh duong - P, =4,78%). Ly do chinh 14 c4c tin hiéu Costas 1a t6 hop nhiéu tin higu
xung don, dan téi qué trinh nhan dang xay ra nhdm 14n. D& dat d6 chinh x4c nhan dang céc tin
hiéu (P, >85%), FFT yéu cau ti s6 SNR tdi thiéu 1a 10 dB.
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Hinh 5. So do thudt toan danh gia cac ky thudt phan tich trong xung: (a) FFT/STFT; (b) WVD/ I-Q.

Bang 1. Tham s6 tin hiéu dé danh gia hiéu qua cdc phwong phdp xit Iy tin hiéu

Tham sd tin hi¢u Gia tri
Tén sb song mang f, (MH2) 50 dén 200
Do rong xung t; (uS) 1 dén 10
Ti s6 SNR (dB) -10 dén 10
Do dai ma hoa pha (-) 2,3,4,5
Dang nhiéu Tap trang
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Bang 2. Tham s6 cdc kjj thudt phén tich

K¥ thuit phén tich Tham s Gia tri
FFT S§ diém FFT (-) 4096
S6 diém FFT (- ) 4096
Ham cira s6 Gaussian
STFT N
Do dai ham cua sb (-) 1024
S6 diém trang lap (-) 500
S0 diém trén mién thoi gian, tan so (-) 1024
WVD Ham ctra s6 (-) Gaussian
Ham kernel (-) Smoothed pseudo
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Hinh 6. Két qua ddanh gid hiéu qua ciia timg phirong phdp xir Iy tin hiéu:
a) FFT; b) STFT; c) WVD; d) phdn tich IQ

Hinh 6b minh hoa d¢ chinh xdc nhén dang tin hi¢u khi sir dung phuong phap STFT. Két qua
cho thdy STFT gip nhiéu han ché trong viéc phan biét cac tin hiéu diéu ché phirc tap nhu LFM
(mau vang), Barker (mau dd), Frank (mau tim) va ma P1 véi d6 chinh xac P, =42%. Nguoc lai,
STFT thé hién hiéu qua cao ddi véi cac tin hiéu c¢6 cdu trac M-FSK, dién hinh 1a Costas (mau
xanh duong) va xung ra da (mau den), voi do chinh x4c t6t ngay ca tai SNR = -2 dB (P, 285%)

Tuong tng, Hinh 6¢ trinh bay két qua phan tich tin hiéu bang phuong phap WVD. Phuong
phdp nay dat hiéu qua tot nhat d6i véi tin hi¢u xung (mau den, chinh xic P, >85%
tai SNR = —1 dB), tiép theo 1a Costas (mau xanh duong, SNR = 7 dB), Barker, Frank,
P1 (SNR = 8 dB), trong khi tin hi€éu LFM (mau vang) cho két qua kém nhat, chi nhan dang chinh
xac P, 285% ¢ mirc SNR = 10 dB. Trai ngugc voi STFT, phuong phap phén tich I/Q (Hinh 6d)
cho hiéu qua vuot troi dbi voi cac tin hidu diéu ché phirc tap nhu LFM, Frank, P1 va Barker, v6i
kha nang nhan dang chinh x4ac P, >85% ¢ muc SNR thip (SNR = —8 dB), nhung lai gip kho
khin véi cac tin hi¢u don gian hon nhu xung ra da va Costas (SNR = 5 dB). Tir cac két qua trén
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c6 thé khing dinh ring mdi k¥ thuat phan tich tin hiéu déu c6 nhitng wu diém va han ché riéng,
phu hop voi céac loai tin hiéu khac nhau. Do do, viéc lya chon phuong phap can gan lién véi dic
trung diéu ché cua tin hiéu va diéu kién SNR trong timg kich ban tmg dung cu thé. Bang 3 cho
thdy su khac biét rd rét vé hiéu qua nhén dang tin hiéu gitra cac thuat toan phén tich trong diéu
kién nhidu tap. Cac két qua cho thiy, cac _phuong phap truyen théng nhu FFT, STFT, WVD va
phan tich I-Q chi nhén dang t6t voi mdt s6 dang tin hiéu nhit dinh. Vi dy, phuong phap I-Q cho
két qua tot nhat vai tin hiéu LFM, tiép theo 1a cac tin hiéu ma hoa pha Frank, Barker, P1. Trong
khi d6, phwong phap sir dung Al cho thay hiéu qua vuot troi c6 thé nhan dang duoc hét cac dang
tin hiéu & mic SNR = -12 dB. biéu nay ching minh kha nang hoc dic trung manh mé va kha
ning chong nhiéu tot ciia Al so véi phuong phap truyén thong. Mic du cho hiéu qua nhan dang
cao, nhung van ton tai mot s6 han ché nhu yéu cau dit liéu huan phong phi, tai nguyén tinh toan
16n. Bidu nay giy trd ngai trong cac ing dung thoi gian thyec.
Bang 3. Bdng so sanh cac ky thudt phdn tich tin hié¢u
Ti s6 SNR tdi thiéu (dB)

Dang tin hi¢u

FFT STFT WVD 1-Q Al [17]
Xung ra da 5 -2 -3 6 -12
LFM 10 >10 9 -10 -12
Costas 20 -2 8 6 -12
Barker 15 >10 9 -8 -12
Frank 7 >10 9 -8 -12
P1 -2 >10 9 -8 -12

4. Két luan

Nghién ctru da tién hanh phan tich va so sanh hiéu quéa cua cac phuong phap xir 1y tin hiéu
phd bién trong nhan dang tin hiéu ra da, bao gdm FFT, STET, WVD va phan tich I/Q. Két qua
nghién ciru cho thiy mdi phuwong phap déu c6 nhimng wu diém va han ché nhat dinh, phu thudc
vao dang diéu ché va diéu kién SNR.

Cu thé, FFT thé hién kha ning nhan dang déng tin cdy d6i voi cac tin hidu c6 cau tric don
gian nhu xung ra da hoac cac dang ma co ban (P1, Frank, Barker) & muc SNR trung binh—cao,
song gip nhiéu khé khan ddi véi tin hiéu Costas do dic thu cau trac to hop nhiéu xung. Phuong
phap STFT cho thay hiéu qua han ché khi xtr Iy c4c tin higu diéu ché phuc tap (LFM, Frank, P1,
Barker), nhung lai nhan dang tot cac tin hiéu dang M-FSK nhu Costas va xung ra da & mirc SNR
thip. Trong khi d6, WVD vuot trdi & kha ning phan giai thoi gian—tan sd, giup nhan dang tét cac
tin hiéu xung va Costas & mirc SNR trung binh, nhung hi¢u qud gidm véi tin hiéu LFM. Dang
cha ¥, phan tich I/Q chirng minh wu thé vuot trdi trong viéc nhan dang céc tin hiéu diéu ché phirc
tap ngay ca & SNR thip (SNR = —8 dB), mic du gip han ché dbi voi cac tin hidu don gian hon
nhu xung ra da va Costas.

Tir céc két qua trén c6 thé khang dinh ring khong ton tai mot phuong phap xu ly duy nhit t6i
vu cho moi loai tin hidu. Viéc Iya chon k¥ thuat phu hop can gén hen v6i dic tinh diéu ché cua
tin hiéu va diéu kién tac chién dién tur cu thé. Huéng nghién ciru tiép theo co thé tap trung vao
viéc két hop cac phuwong phap truyen thong Vi cac ky thuat tri tué nhan tao nhim nang cao hiéu
qua nhan dang tin hiéu ra da cong suét thip trong mdi trudng nhidu manh.
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