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Design and Implementation of Digital Channelization- based
Carrier Guide Module for Very Weak Signal
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(1. College of Electronic Science and Engineering, National Univ. of Defense Techmobgy, Changsha 410073, China;
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Abstract: In deep space exploration, nomal points FFT' cannot exactly fulfill the frequency guide for very weak signals while very
large size FFT' cannot be compued by COTS. A parallel FFT method based on digital channelization is proposed to fulfill the frequency
guide. The nput signal is first divided into several narow bands and FFT is computed in every sub-band. Then frequency estimation is
perfomed by jointly detecting the valid sub-band spectrum lines. In FPGA implementation of the module equivalent to 29 points FFT, the
FFT module is reused for resource saving. The test results show that the resolution is less than 10Hz when the sampling rate is 8MHz.

Key words: deep-space exploration; very weak signal; high resolution frequency estimation; digital channelization

(Fast Fourier Transform, FFT) s
: VCO \
[1] , 25dB*Hz 10°
30Hz, 10Hz 500kHz ,
kHz , 2MHz 2MHz 10Hz
,FFT 2", FFT
(Chitp % transform, CZT)"” ( Zoom- FFT) !
CZT ( DTFT) , Zoonx FFT
* :2008- 11- 21
: ( 113030401)

(1979—), ,



44 2009 3
( Discrete Fourier Transform, DFT) , DFT
[4]
FFT , , czr
Zoom-FFT Bl s s
FFT DFT ZoomFFT ,
FFT , DFT Zoonx FFT
[6] , DFT FFT
, [ 6] FFT ;
[7]
1
; 1 WEE W
28 | f e [ [ B L0 Ll
’ ms 4 H3E FFT ¥ Wik
SDRAM , %
FFT ,
( Discrete Short Time Fourier Transform, Fig. 1 Frequency guide module
DSTFT), , VCO
1.1
K=
4, 2 , , k
o= 2k/K+ W2K(k=0,1, .-, K- 1) @ = TY2K
W=1K 3 )
H(e™)  ox
5 N7 V \f \/ W sty —>@—] 1, 2ol T vim
0 @2 0} 2 0,30 0, 20 320, R 20 .
2 (K=4 3
Fig.2 Channel division(K = 4) Fig.3 Frequency shift of sub band
, k wik(m) - oo <a,M
vi(m) - Ma < KMo, ve( m) . Ma <7
o <YM (1)
(1) M=K, -2 Ko 72
, vi(m)
, hip(n) N(N/K=L,L )
, M=K, k
K- 1 NK-1
ve(m) = {[S(n)ejmk"]* th(n)} | e i = ,,_Z; LZ(;S(mK— K- p)e "™ h, (iK+ p) (2)



PR 45

“x 7 Sy(m)= S(mK=p), h(i)= hir(K+p),
K1 L-1
vi(m) = D 338, (m= i)t (i) eV
= Z{[Sp(m)eJ ] hp(m)}e”“k”, k= 0,12, .. K— 1 (3
p=0
x,(m)= [So(m)e™] * h,(m), «x,(m) @= 2K+ 2K (3)
K LI 2L LT
vi(m) = Dlm(m)e ™ | = DFT[x,(m)e ™ (4)
p=0
(4) 4 () :
x,(m) ®_ x](m) v, (m) Yam)
x,(m x,(m) .
(m) ® (
e DFT ‘:‘”'“'*‘((”;) -
1y 'ﬁ( ), Seeon J_("')
Spa(m) n x, (m) x! (m) Ve () r—:‘j
n & by, (m) ? Kl ( )'I Ve (m)
wm- c‘lz_"f‘(’:'l)
4
Fig.4 Efficient structure of digital channelized recewver
1.2
x(n), DFT DSTFT
N1
X(n. k)= 2w(mw (m- aM) Wy, k= 0,1, .. N— 1 (5)
m=0
w(n) ,N , M
(5) , DSTFT DFT :
, M DSTFT
, x(m) w (m— nM) ( Spedrum)
Sec.(n, k)= X (n, k) | (6)
1.3
{c:li= 1,2, ... N}, N
2 e’
| N-1
T= 0y 2la) (7)
0 .
2 FPGA
2" FFT K= 128, 21128 2=

8192 FFT FPGA :AD 128



46 2009 3

s 8192 , 1/8 , 128
, , FFT FFT
2.1
128 5 128 ;
1j-1- , 4 1 ; FIR
( Distributed Arithmetic, DA) R ; 128
128 R >
: FFT 128 FFT s
2.2
FFT 128 FFT R 128 8192 R
/8 124 FFT 6 "
“x-vy” x y 16 , 32Mb
s FPGA s FPGA RAM HYNIX
HY57V281620HCTP- 6S  SDRAM, 4  BANK R BANK 4096 512,
128Mb, 16 6ns SDRAM .
) 8 , 64 , 64 )
6 ,
(512 )
" e j8192+
—Re ¢ il 1-1
11 im0 i o it i
1:128 ! 128:1 F3 it .
Li Ry > 3 [Re Re Re [ 21
s(n) H Im h\(m) Im i > . e N S 1—7_5—J 8192
— # . H_' B ] g [IMIFFT)Im 3 S =2 m 21 [oee [128-1] 1-2 | 2:2 ... [128-2)
L k'3 % . s
# Re Re| # % " L1281
L) =4 | 5 73 128-2
> . (Im} | A, (m) || Im T 128-3
L9 Y ] 73 N
- AN IR RSB T BB
5 FPGA 6
Fig.5 Architecture for FPGA realization Fig. 6 Data block transform
2.3
8192/ , FFT ) FFT
R 8192 , , 16
FFT Xilink FFF-IPore, (Pipelined/ Streaming 1/ O)
3
8MHz 70MHz 2MHz , FPGA
s 8M/ 128/ 8192= 7. 6294Hz : ADC ADI
AD9446, 12. 5b; FPGA Xilinx C4VLX100; SDRAM HYNIX
HY57V281620HCTP- 6S FPGA :Slice 35,371 ,  71%;BlodkRAM 74 ,  31%; DSP48
51 , 53% 50MH z E4438C 800MHz
. (CINy) 10~ 28dB* Hz 1

20dB*Hz 2~ 4 70MHz 69. 9999MHz  69. 99982MHz



1 2 70MHz C/ Ny
Tab.1 Ted results for different frequency Tab. 2 70MHz test results in different G/ N
(Hz) (Ho) (Hz) ( dB* Hz) (Hz) (Hz)
1 70 000 000 70 000 088 88 1 28 70 000 088 88
2 69 999 980 70 000 064 84 2 26 70 000 088 88
3 69 999 960 70 000 048 88 3 24 70 000 088 88
4 69 999 940 70 000 024 84 4 22 70 000 088 88
5 69 999 920 70 000 008 88 5 20 70 000 088 88
6 69 999 900 69 999 984 84 6 18 70 000 088 88
7 69 999 880 69 999 968 88 7 16 70 000 088 88
8 69 999 860 69 999 944 84 8 14 70 000 088 88
9 69 999 840 69 999 928 88 9 12
10 69 999 820 69 999 912 92 10 10
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Tab. 3  69. 9999MHz test results in different C/ N, Tab.4 69. 99982MHz test results in different G/ N
(dB*Hz) (Hz) (Hz) (dBe Hz) (Hz) (Hz)
1 28 69 999 984 84 1 28 69 999 912 92
2 26 69 999 984 84 2 26 69 999 912 92
3 24 69 999 984 84 3 24 69 999 912 92
4 22 69 999 984 84 4 22 69 999 912 92
5 20 69 999 984 84 5 20 69 999 912 92
6 18 69 999 984 84 6 18 69 999 912 92
7 16 69 999 984 84 7 16 69 999 912 92
8 14 69 999 984 84 8 14 69 999 912 92
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10 10 10 10
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