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Two Fast Algorithms of Cross Ambiguity Function for Passive Radar
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Abstract:  The computational burden of cross ambiguity function is very large for measuring the time delay difference and
the Doppler frequency shift of passive radar, which is difficult to meet the real ime requirements by the general algorithms. This
paper proposes two fast algorithms of cross ambiguity function for passive radar: the multr stage decimation FFT algorithm and the
pre weighting multt stage decimation FFT algorithm. The mulir stage decimation FFT algorithm decreases the length of the antr
aliasing filters and save the computational amount and the storage. The pre weighting multr sage decimation FFT algorithm avoids
the cyde of the first stage filter multiplication in different time delays and further increases the compuational efficiency at the ex
pense of the large storage. Experimental results show that the proposed algorithms can effectively increases the computational effr
ciency.

Key words:  passive radar; cross ambiguity function; multt stage decimation; pre weighting

1 >u(t) ,U(l) B T 7fd
> TF ’
1
(GSM) / ’ (1)
(. (23], : ’
FFT
(1) ) ) FFT
(2)  VHF UHF / :
;(3) 2
’ 3 (4) T ,Tp= NT, (1)
9 N-1 m_[
, X(1, k)= 2ou(n)v” (n+ Lexp(j N (2)
n=0
. 1=01, o L— 1 (2),
y r6]
Bl T f,)= JL * T i d 1 .
(Tfa) ] u(t)v (t+ Vexp(j2a)dt (1) m(n )= u(n)o" (n+ 1) (3)
;2008 OF 18; £ 2008 06 10
: (No 60625104) : (No 60232010) ; ( No. A2220060039) ;

{ No2007YS0101)



670

2009

X(1 )= s, ) i k)

[T nen- i Tw]

n=0

(4) FFT
2.1 FFT
ry(n, 1) , FFT
., N FFT M FFT,
» Nh
K ’ "Dia i= 15 27 "';K:»
_fx - 1) .
fsi_ D L= 17 25 ) K (5)
fp:
fra Op; osy FIR
17

o)
- lOlog([—{P‘Qs)— 15

Nuz ——r st Li= 1.2 oK (6
14LLLLJ‘
fx(i— 1)
ulm) — e | D | s | 7D [3b] | g | |3t 2R
v(n)—| HI%R SH I W |FFT| |%

B S E&BBFFTH N HER

‘—M "TolTy) h(nT) to{ | D, {o{ h(nT)) {4 1 D, |of h(nT )1 1 D, Cldal
B2 =ZHEER
FFT | I=

0, :

Stepl: rv(n, )= u(n)v (n+ 1), n=01, ..,
N-1.

Step2:  rv(n, 1) mi(n,l),
h(n)

D=D\xDyx D3 2

Step3:  ru(n,l) ; ru(n,l).

Stepd: FFT{ ru(n.1)}.

StepS:  FFT{ru(n,1)} , X(1, k).
1 2L-1( ), ;

Stepo: I= [+ 1, Step L.

FIT .

FIR 8

, FIR ,
FFT
NN,i NN NN
Rr= L(N+ 2Dh11+ 201;)22” 2D1Dh;D3+ %logzM) (7)
2.2 FFT
FFT ,
h(n) L ry(n,l) .
Fylnl). h(n)
(FIR) , h(n)= h(Ny— 1- n),

rlz\“‘(na l): ;TN(H— i, l)h(L)
=£2r‘w(n— L Lh(N= 1- 1)

=S nt o Nt L DR (8)

i=0

r/,\:(n, l) Ny,—-1 D
1), (3) (8)

N1

ru(m, )= D ry(mD+ i, 1) h(i)
i=0
N-1

= 2u (mD+ i)v" (mD+ i+ 1) (9)

rM(m,

W (mD+ i)= u(mD+ i)h(i), i= 0,1, ... Ny= 1 (10)

(10) l, !
FFT
. Ni
D, (10) m W (mD+ i)
C= Ceﬂ[N/l]/Dlj, ceil N/z]/Dl
,c=mod(m, C), c=0 1, .., C-
1. , C
W (mD+ i) :
Nii
D, 2~3 C= ceill N,/ D=3,
3 . 1 2 3 s
FFT
v(n) _ . v¥(mD +i+l)
——= Jt4u Hi#!
L_‘ i
u' (mD +i) # ’mn,(’"’[)
u(n) K
fil u' (mD +i) K Hi
hn) m
u u'(mD +i)

B3 =2 P 058 — QR FUACHE A



3 : 671

FFT : 10
—— HBW
NNy NNw NNu3 M —a— B EFFT
RTZ A T L(N+ + + _lOgQM) (11) 101 = G AEFFT
2Dy 2D\Dy" 2DiDyD s 2 i?ﬁibﬂﬂEﬁMWFFT
FFT , FFT 101k
A
< b
% 1012 -
Mr= N(C-1) (12) & B
B qon
3
100f
2 109‘
10° 10° 107
e SBURKEN
(511, (DVBT) Bl4 $HHDVB-TE S EH0H B B I E Rk
, ) FFT
500MHz ~ . , FFT
80MHZ ", 1200n/ s, FIT
| f,] < 4&Hz DVB-T B =~7.61MHz, . FFT
fro=9. 14MHA ", FFT ;
. FFT ’ MT: 2N
Tr= 50ms, T o= Ims, N= 4.57x ’
10°, L= 9140, D= 1000, M= 457. ’
S, = 4kHz, o=
4. 57kHz, 0,=0.01, 0 = 4
0. 001
FFT DVB-T ’
1 2 2 ’
/157 ' | , : FFT
FET ’ FFT . FFT
, FFT ’ ’
FFT
’ ' DVB-T
FFT .
DVBT ’
4 , , FFT
1 FFT DVBT
[ 1] GRIFFITHS H D, BAKER C J. Passive coherent lo cation radar
(MPS) (kHz) | (kHz)

sysems. Part 1: Peformance predication[ J]. IEE Proc Radar
Sonar Navig, 2005, 152(3): 153- 159.

8.792le+ 010 [40089| 1000 (40089 | 4 4.57 |0 00006 | 0.01 [0.001

2|1.13%e+ 010 738 | 100 | 301 4 86.83 | 0 00906 | 0.005 [0.001

10 | 437 P 457 |0 wez l0.05 lo.oor [2] HOWLAND P. Editorial: Passive radar systems [ J]. IEE
3108830+ 010] 07 [ 50 [ 150 | 4 | 178 23] 0 01906 [o. 033]0. 001 Proc.-Radar Sonar Navig, 2005, 152(3) : 105~ 106.

10 | 55 | 4 [13.71 [0o0s5312 0. 0033[0.001 [3] . .

2 | 92 | 4 | 457 [003118 |0. 0033|0.001 [J]. ,2008,36(6) : 1227- 1230.
4(1.126le+ 010| 203 | 20 | 61 4 452 230 04906 0. 0025( 0. 001 GAO Zhr wen, TAO Ran. Computation and analysis of coher

5 18 4 |86.83 |0 18125 |0. 0025)0. 001 ent accumulation gain for passive radar| J| . Acta Electronica

S |29 | 4 [1371]0 10624 [0. 0025]0.001 Sinica, 2008, 39(6) : 1227— 1230. (in Chinese)

2 95 4 4.57 [0 03118 (0. 0025]0. 001

[ 4] HOWLAND P. E. et al. FM radaio, hased bigatic radar| J].



672

2009

IEE Proc Radar Sonar Navig, 2005, 152(3): 107- 115

[5] SINSKY A I, WANG C P. Standardization of the definition of
the radar ambiguity function| J] . IEEE Trans on Aerospace and
Electronic Systems, 1974, 10(4) : 532- 533.

[6] TOLIMIERI S, WINOGRAD S. Computing the ambiguity sur
face[J] . IEEE Trans on Acoustics, Speech and Signal Process
ing, 1985, 33(4) : 1239- 1245.

[7] HIVELY R R. On mlutisage finie impulse response ( FIR)
filters with decimation| J]. IEEE Trans on Acoustics, Speech
and Signal Processing, 1975,23(4):353- 35.

[ 8] , ,

[M]. ,2007.55- 72.

TAO Ran,ZHANG Hut yun, et al. Theory and Applications of
M ultirate Digital Signal Processing[ M] . Beijing: T'singhua Unr
versity Press, 2007. 55— 72. (in Chinese)

[9] EN 300 744,V 1 5. 1, Digital video broadcasing (DVB) ; frant
ing structure, channel coding and modulation for digital terrestrr
al television[ S] .

[ 10] POULIN D. Passive detection using digital broadcasters

(DAB,DVB) with COFDM modulation[ J] . IEE Proc. Radar
Sonar Navig, 2005, 152( 3) : 143— 152.
[ 11] s , .DVBT
[J]. , 2008, 36(3) : 505- 509.
GAO Zht wen, TAO Ran, et al. Side peaks analysis and sup
pression of DVB T Signal Ambiguity Function for Passive
Radarq J]. Acta Electronica Sinica, 2008, 36( 3) : 505 - 509.
(in Chinese)
[ 12] s . [M].
,2007.271- 307.

JIANG Xiwrhua, ZHANG Yong hui. Theory and Applications
of Digital TV Broadcasing|[ M |. Beijing: Poss & Telecom
Press, 2007. 271- 307. (in Chinese)

[13] CROCHIERER E,RABINER L R. Optimum FIR digial filter
implementations for decimation, interpolation, and narrow- band
filtering[ J] . IEEE Trans on A coustics, Speech and Signal Pro-
cessing, 1975, 23( 5) : 444- 456.

,1978 4
. 2008

Email: 2awgao @ sina. com

1964 11 ,

» , IEEE .
60

Email: rantao@ bit. edu. m



