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XU LY TUONG QUAN DUNG FT VA FrFT TiN HIEU THU KHI KHONG
BIET THOI GIAN GIU' CHAM VA DICH TAN SO DOPPLER

Nguyén Cao Hiru*", Ngb Vin Huln?

Tém tit: Bién doi Fourier (Fourier Transform - FT) la truong hop ddc biét cia bién
doi Fourier phin doan (The Fractional Fourier Transform - FrFT). FT va FrFT c6 hiéu
qua cao trong xir Iy tin hiéu. Bai bdo dé xudt sir dung FT va FrFT dé gidi quyét bai todn
xit Iy twong quan tin hiéu thu trong thuwc té khi khéng biét thoi gian giit chdm va dich tan
s6 Doppler. Mé phéng cho thay sw hiéu qud ding FrFT so véi FT khi xit 1y twong quan tin
hiéu diéu tan tuyén tinh.

Tir khéa: Xi Iy tvong quan; Bién dbi Fourier phan doan; Bién déi Fourier; Tin hiéu diéu tan tuyén tinh.

1. MO DAU

Bién d6i Fourier phan doan (The Fractional Fourier Transform - FrFT) 1a cong cu manh trong
phan tich tin hiéu, FrFT tong quat hon FT, mbi quan hé gitta FT va FrFT thé hién trong [5], tong
quan va ung dung ctua FrFT néu trong [2, 6]. Viéc phan tich, xu ly twong quan (XLTQ) tin hi¢u
diéu tan tuyén tinh (DTTT) trong Ra da va Sonar 1 diém manh cua FrFT so v6i FT,

Xtr Iy twong quan ciing nhu loc phdi hop 1a giai phap quan trong trong xir 1y tin hiéu dé nang
cao ty sb tin/tap. XLTQ tin hiéu ding FT néu trong [1] va khi ding FrFT néu trong [3, 4]. Khi
do, tin hiéu thu duoc twong quan chéo voi tin hi€u phat (ban sao tin hi¢u phat), khi hai tin hi¢u
nay khac nhau thi tin hiéu ra XLTQ bi suy giam, hodc mét khi hai tin hiéu khac nhau 16n. Sy
khac nhau gitra hai tin hiéu nay chii yéu 1a do thoi gian giit cham va dich tan Doppler cua tin hiéu
thu. Sy khac nhau vé thoi gian duge xtr Iy bang giit chim ban sao tin hiéu phat, khac nhau vé tan
s6 do dich tan Doppler khé xir Iy hon. Trong [1, 3] dwa ra mot s6 anh hudng cua dich tan
Doppler lam cho tin hiéu ra XLTQ dung FT bi méo, khi dich tan Doppler 16n tin hiéu ra khong
quan sat duoc. Bai bao dé xuat bién phéap giai quyét van dé nay bang cach dong bo thoi gian giir
cham va dich tan Doppler ctia ban sao tin hi¢u phat theo tin hi¢u thu. B6 cuc cua bai bao: Muc 2
trinh bay XLTQ dung FT va FrFT; Muc 3 mé phong va danh gia két qua; Muc 4 két luan.

2. XU LY TUONG QUAN DUNG FT VA FRFT

2.1. Xir ly twong quan dung FT
2.1.1. Binh nghia FT
Bién dbi Fourier thuan (Fourier transform — FT) va nguoc (IFT) cua tin hidu x(t) 1a:

X (@) = j x(t).e dt va x(t):LTX(w).eiwtdw (1)

i NV
2.1.2. M6 hinh xat Iy twong quan dung FFT
- Theo [1], XLTQ dung FFT giira tin hiéu thu va ban sao tin hiéu phat duoc thuc hién nhu
hinh 1:
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Hinh 1. Xu Iy twong quan dung FFT.

156 N. C. Hitu, N. V. Hudn, “Xir ly twong quan dung FT va FrFT ... dich tin sé Doppler.”



Nghién ciru khoa hoc cong nghé

- Tin hiéu thu x(t) sau khi FFT ta duoc X(f), ban sao tin hiéu phéat sau FFT [a H(f), tin hiéu ra
b6 nhan dugc bién doi FFT nguoc dé dugce dau ra y(t).

- Trong [1, 3] da dua ra dnh huong khi tin higu phat khong dong bé véi tin higu thu vé thoi
gian gitr cham va tan so6 Doppler. Nhu vay, d€ c6 dau ra XLTQ cuc dai ta phdi dong bo ban sao
tin hiéu phat theo tin hiéu thu ca vé hai tham s6 nay. Bai bao dé xuat thuc hién nhu sau:

+ bong bé thoi gian giir chdm

- Tin higu thu vé tir sau khoang thoi gian bang d rong xung phat, dwoc roi rac theo thoi gian
véi khoang roi rac bang d¢ rong xung phat 1 va ghi lan luot vao 6 nhd 1, 2, ..., N, N=Ty/1« [a s0
khoang roi rac trong mot chu ky lap T

- Tin hiéu thu ghi ¢ 6 nhd 1 dugc XLTQ véi ban sao tin hiéu phat dugc gitr cham moét uong
la t«. Tin hiéu thu & 6 nhé 2 dugc XLTQ véi ban sao tin hiéu phat dugc gitt cham mot luong la
21y, tin hiéu thu & c&c 6 nhé con lai dugc xir 1y tuong tu.

+ Pong bg tan sé Doppler

Gjé SU, Vimax 1a toe do l(ﬁrn’nhét ¢6 thé cua cac muc tiéu chuyén dong nhu may bay, tén lira, ... Do
do, tan so Doppler 16n nhat 1a f_,, (khi muc tiéu bay v&i vma huéng vao tdm dai) va tan so
Doppler nho nhat1a f_. =—f__ (khi muc tiéu bay vi vma tlr tim dai huéng ra ngoai). Tir khoang
gid tri [~ f . + fra | ta phéi udc lugng dugc gié tri tan sé Doppler ph hop v6i mdi khoang roi rac

vé thoi gian. Phuong phép duoc d& xuit str dung ude luong tiém cin dan nhw hinh 2:

Bwic 1: ]-'- : i

~fox 0 Jox
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Buicd: R gt 3¢

Hinh 2. Cdc budc woce lwong tiém cdn tan sé Doppler.

Nguyén Iy wée liwong tan sé Doppler khi da dong b véi thoi gian ¢ 6 nhé thik i nhw sau:

Buoc I: Tinh twong quan gitia tin hi€u thu ¢ 6 nhd thir i va ban sao tin hi€u phat ¢ cac gia tri
cua tan s0 Doppler twong tng v6i cac diém 1, 2, 3 (Budc 1, hinh 2). Tim gia tri 16n nhat ctia cac
gia tri tai diém 1, 3 goi 1a Uy, sau d6, so sanh véi gia tri ngudng Ung (Ung=Gia tri dau ra cua
XLTQ gitta tin hi¢u thu ¢ 6 nh¢ thir i v6i ban sao tin hi¢u phat khi tan so Doppler bang khong-
ung véi diém 2).

Néu U, g, > U, dung, néu U g, < U, ta chuyén sang budrc 2.

Buoc 2: Viée tinh toan tuong ty nhu bude 1 nhung thyc hién ¢ cac diém 4, 5. Gia tri 16n nhat
tim duoc ¢ bude nay 1a Uraz. Néu U5, <U ; ta chuyén sang budc 3.

Buée 3: Viée tinh toan twong tu bude 1 nhung thuc hién 6 cac diém 6, 7, 8 va 9. Gia sir gia tri
déu ra cia XLTQ 16n nhat twong ng v6i diém 9 va théa mén U4 >U, thi qua trinh chuyén
sang budc 4.

Buée 4: Viée tinh toan thuc hién ¢ cac diém 10 va 11. Tim gi4 tri 16n nhét cua dau ra XTLQ
tuong g voi cac diem 9, 10 va 11.

Néu gia tri 16n nhit twong tng véi diém 9 thi dimg qua trinh.
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Néu gié tri 16n nhat twong tmg vi 2 diém con lai thi qué trinh xir 1y duoc tiép tuc dén khi dén
khi U, cuc dai.

Ta udc luorng duoc gia tri tan sb Doppler ctia muc tiéu. Luu ¥ cac diém 2, 4, 5, 6, 7, 8, 9, 10,
11 déu 1a gia tri nam giita ciia khoang gia tri dang xét.

2.2. Xir ly twong quan dung FrFT
2.2.1. Binh nghia FrF'T
- Bién d6i FrFT cua tin hiéu f(x) ky hiéu la:

X0 =F,[00]= [ K, (x ) T (x)dx @)
1-— jcot¢ éjy2c0t¢ —jxycosec¢+£szcot¢
Voi:+ K, =, [——¢? £ 2
2
tae [—L'l] la cap cua FrFT, ¢ =a—2” [—% %} la g6c quay trong mat phang thoi gian

tan so.
2.2.2. M6 hinh xut ly twong quan dung FrFT
- Gia st mot tin hiéu BTTT pha va tan s tirc thoi ciia nd cho boi phuong trinh sau:

Tin hi¢u DTTT = e @ ot b et

Phase = at® + f,t +c; ' 1

Tan sd tie thoi = 2at + f,; 6 N

fo: Tan s6 khoi dau cua tin hiéu; . S — l

2a: Tdc d6 hodc ty 1¢ thay ddi, do dbc; —

¢: Pha ban dau. Hinh 3. Méi quan hé giita tan sé tire thoi fva t.

+ M3i dang tin higu DTTT s& c6 mot a,, dé tin hiéu ra lon nhat [3]:

20 2 1

-1
o, =—="—"tan"(— 3
L (Za) )
+ V6i tan s 14y méu 1a f;, trong khoang thoi gian T s& ¢6 fs*N mau va tham sb Qg duge
xac dinh:
f? / N
o = —tan "~ (=— ) (4)

Hinh 4 1a vi dy trong [3] vé FrFT tin hleu DTTT voi do rong xung 200 ms, dO rong bang
thong 1a 300 Hz, tan s6 trung tim 1 KHz, oop=0.7. FrFt voi a=0.6, a= 0.7, a=0.9. V&i két qua
FrFT trén hinh 4 thi khi o = oope= 0.7 xung ra hep va 16n nhat so véi gia tri a khac.
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Hinh 4. FrFT vdi cdac o khac nhau
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+ Xem xét anh hudng cua do dich tan Doppler trong xtr Iy FrFT: Xét truong hop dai ra da
canh gioi, khi anten quét qua myc tiéu ta thu duge 1 chum xung. Trong khoang thoi gian ngan
nay, ta coi toc d6 muc tiéu 1a khong d6i. Gia sir tan sb Doppler 1a fuo. Do d6, tan sd tirc thoi cta
tin higu thu vé 1a 2at + f, + f,,.

Cé dich tin Doppler

4 Khoug 6 dich tin Doppler

Hinh 5. Méi quan hé giita tdn sé tirc thoi f ciia tin hiéu thu khi khéng c¢é va c¢é dich tan Doppler.
Tir hinh 5 ta thiy, tham sé a khong thay doi khi ¢6 va khong c6 dich tan Doppler. Do do,
FrFT véi muc tiéu chuyén dong va khdng chuyén dong 1a khong thay doi.
- Theo [4, 5] m6 hinh XLTQ dugc the hién trén hinh 6. Viéc tinh toan XLTQ tai 6 nhé thu i
(twong tng khoang roi rac thu’ i) dugc dong bo th01 gian twong ty nhu FT. Myc tiéu chuyén dong
khong 1am thay doi tham sd o do d6, khong can phai dong bo vé tan sé Doppler.

FrFT cua tin hiéu phan
xa veé targ,

a vé taia,, _ (O
FrFT tai -, ,
FrFT ctia ban sao tin

higu phat tai @,

Hinh 6. M@ hinh XLTQ trong mién FrFT.
3. MO PHONG VA PANH GIA KET QUA
Pé kiém ching hiéu qua ctia dé xuét, ching toi dung MATLAB mo phong va so sanh cac két
qud. Tin hiéu m6 phong la tin hi¢u DTTT c6 tham so: do rong xung 7, =100 ms, d6 rong bang
B=200 Hz tron véi tap Gauss. Gia tri o, tinh theo cong thic (4) 1a 0.9745. Két qua nhu sau:
3.1. Ban sao tin hiéu phat dong bd vé thoi gian, nhung khong dong bd vé dich tin Doppler

XLTQ DUNG FFT XLTQ DUNG FRFT XLTQ DUNG FFT XLTQ DUNG FRFT
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25 25

20 20
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) Hinh 7. XLTQ FFT va FrFT: i
a) Ty so0 SNR = -5 dB, tin hiéu thu co toe =1ms, dich tan Fq = 50 Hz;

b) Ty s6 SNR = -30 dB tin hiéu thu cét,, =1ms, djch tan Fa= 100 Hz.
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Nhan xét.,' Khi ¢6 dich tan Doppler tin hiéu ra XLTQ dung FT giém nhiéu, khi Fg = 100 Hz tin
hi€u ra bi mat. Khi dung FrFT tin hiéu ra XLTQ thay doi nho va van phat hién dugc muc tiéu.
- Ta xem xét kha ning phén biét theo cy ly va tan s6 khi XLTQ dung FFT va FrFT:

BIEN DO
s

0

Hinh 8. Hai muc tiéu twong ving vdi tin hiéu thu co: a) t
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=1l msvaty, =43 ms;

b) Bé dich tan Doppler Fa = 10 Hz, Fg, = 17.2 Hz.

Nhdn xét: Kha nang phan biét theo cy ly va tin sé khi XLTQ dung FrFT cao hon so véi FFT.
3.2. Ban sao tin hiéu phat dong bd ca vé thoi gian giir chAm va dich tin Doppler

Két qua XLTQ ding FT va FrET khi tién hanh dong bo hai tham s thé hién trén hinh 9.
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Hinh 9. XLTQ FFT va FrFT tin hiéu thu ¢é: a) Ty s6 SNR = -5 dB,t,, =1ms, Fs =50 Hz;
b) Ty 56 SNR = -30 dB t,, =1ms, Fq =100 Hz.

Nhdn xét: Tin hi¢u thu sau XLTQ dung FTva FrFT déu tang 1én, tuy nhién, xtr Iy dung FrFT
cho xung ra do rong hep, swon xung doc hon do d6 lam tang d6 chinh xac khi xac dinh cu ly.

3.3. Bén sao tin hiéu phat déng bd ca vé thoi gian va dich tin Doppler nhung cé sai sb
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Hinh 10. Xt Iy FFT va FrFT véi toe = 20 ms, Fy = 100 Hz v6i sai s6 dong bg:
a) Sai s6 Af =30%, At =30%, b) Sai s6 Af =60%, A7 =60%.
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Khi dong bo vé thoi gian va dich tan Doppler cua ban sao tin hi¢u phat luén c6 sai s6 so véi
luong gitr chdm thoi gian va luong dich tan Doppler ctia tin hiéu thu. Ta xét anh huong cua sai
sO nay dén tin hiéu ra XLTQ. Panh gia anh huong nay trén hinh 10 khi XLTQ ding FT va FrFT.

Nhdn xét: XLTQ dung FT bi thay d6i nhiéu khi c6 sai s6, khi dung FrFT anh huéng nhé hon.
4. KET LUAN

Bai bao da dé xuét bién phap dong bd thoi gian va do dich tin Doppler ctia ban sao tin hiéu
phat diung FT va FrFT khi XLTQ tin hiéu dé khic phuc van dé khong biét thoi gian giir chdm va
luong dich tan Doppler ciia tin hiéu thu. Khi ding FT bat bugc phai dong bo thoi gian va dich tan
Doppler ctia ban sao tin hiéu phat theo tin hiéu thu. Khi dung FrFT phai dong bo thoi gian cia
ban sao tin hi¢u phat theo tin hiéu thu, nhung khong can dong bo luong dich tin Doppler theo tin
hiéu thu. Tin hiéu ra XLTQ khi ding FrFT luén t6t hon khi dung FT.
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ABSTRACT

CORRELATION PROCESSING BASED ON FT AND FRFT RECEIVED SIGNALS
WITHOUT KNOWING DELAY TIME AND DOPPLER FREQUENCY SHIFT

Fourier Transform (FT) is a special case of Fractional Fourier Transform (FrFT). FT
and FrFT have high efficiency in signal processing. In this paper, a solution based on FT
and FrFT to solve the correlation processing of received signals problem without knowing
delay time and Doppler frequency shift was proposed. Simulated results using Matlab
shows that, compare to FrFT and FT, the efficiency of linear frequency modulated signal
correlation processing.

Keywords: Correlation Processor; Fractional Fourier transform; Fourier transforms; LFM.
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