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Multicomponent LFM Signal Detection

and Parameter Estimation Based on
Radon-Gabor Transform
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Abstract In this paper, a new transform called Radon-Gabor transform(RGT) is proposed
firstly, then the basic theory is introduced for Linear Frequency-Modulated (LFM) sigual
detection and parameter estimation using Radon-Gabor transform. Moreover, a new method
combining Radon-Gabor transform with “clean” technique for multicomponent LFM signal
detection and parameter estimation is presented. The computer simulation results show its
effectiveness.
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bl = Fix{max[-M +1,(-=M + 1 — u)ctan(a)]}

cl = Fix{min[M — 1,(M - 1 — u)ctan(a)]}

b2 = Fix{max[—M + 1, (=M + 1)tan(a) + u|}

2 = Fix{min[M - 1, (M - 1)tan(a) + u]} (4)
b3 = Fix{max[-M + 1, (M — L)tan(a) + u]}

c3 = Fix{min[A — 1, (=M + 1)tan(a) + u]}

b4 = Fix{max[-A + 1,(M — 1 — u)ctan(a)]}

cd = Fix{min[Af — 1, (=M + 1 — w)ctan(a)]}



222 m T 5 & B % # 526 &

He [ RAWERALE, Fix() BRMESHERE., BT LFM 5 EmERE R
£k 'L Gabor R SHE S B USHE T 4 %48, B LFM {554 Gabor i (m,n) &
AHITIER. Radon-Gabor Z8#d% Radon Al Gabor B#rsh&5Esk, 55 s(t) A9 Gabor A&
Bl &4 A F BT R IE RS, i) LFM {55489 Radon-Gabor B LEETER MK o
EEFIRAERE, Bk, AT Radon-Gabor Z8#ext LFM {5 7Rl Al S8 flit, MKk
AR BEIEES s(t) 8 Radon-Gabor ¥ RG,(u,a) , RIEXT RG,(u, o) #1724k
HRBRRIEEIT VA A a0 FFRIE ao fE11 s(t) WEMHRABR Ko, RIGHRIE Ko MEH
RABHES sr1(t) = exp(—jnKot?) B2 H5ES s(t) BT S(E) = s(t)sn(t) , BT S(E)
BAYALIE N — P IEZAES, Xt S(t) #4T Fourier ZF# Al LIEIHEH] LFM F S5 09RAHR fo
HUEE Ao . 1ER, 7ERHE ao i LFM (550814 1Em T, tiF Gabor Zigif Gy(m,n)
BIARfit R m Mon, WBEFERE T Ko BTENE m Rl o BEERCHBHE] ¢ B f, BHBEARIE o 45T
Ko Al Ko = tan(ag)Af/AL, He Af fl At 4510 Gabor A8 A4 458 R A 18] i A1
SR REE] bR,

% 3% Gabor AS BB T H T AESCIR [7, 8] FEH MR, W FME, ASCAEEE
3 #7F Radon-Gabor T#if1% 48 LFM FS8RF1SLBETHE

i B4 A 40, AT Radon-Gabor skl LEM (&5 3511 K23, h L3t
A9 B T HEXT LEM (S 3ETR MM 2% it, s LFM 5 RE8E M £4r it LEM
(20T LIS BRI AR, (1R MR M Z AN L4 LEM 551, MWW REFFFERMR ST ey
LI BB [R50, N T RS — )i, A 3 RIERTR, 21 T 3T Radon-Gabor
A L4 LEM E5ami A 25/ sc B0k, BARay 258 .

(1) % i = 1(i #IR LFM 4%, s(n) WEGES TS, FHREN No, FHH
BN Ts 5

(2) i3 s(n) B Radon-Gabor 2k RG;(u,a) ;

(3) 1£ RG,(u, a) "FifbfT —HE8 R, REFAMMAATIER A ai, 5 ¢ 4~ LFM 5t
RILEHE TR K, = tan(a,)Af/At;

(4) MRS HEAE S s (n) = exp(—jn K (nT,)?) , FHEHEES s(n) AFAFF 51 (n) =
s(n)s,1(n) 5 XBTE A LEM S ERAMENIZRN fo BRI, B e A 2 T e 35
gk —A M, sk LEM {55,

(5) ¥4 s1(n) iy Fourier # S(m) , FHERFAWEHOIE n; FIEE b, MK LEM 531k
(I BE0Y: RIEWE fu = nAfi; WE a; = bi/No(Afi & Fourier HMFRIEIIG) 5

(6) TEBUHFIZE — P UIRK far WIS AT H IR R IR 51(n) BEITREDL, 2RI
WG, s (n) PE A RPIER T EE S B AR

(7) BB S B RUMK B ERET snn) = exp(jrk;(nTy)?) , HHEMRRIEN
FoREHBR, MBS ¢ A0 BB EBAE 5

@) ¥i=i+1, BESLE (2)-(7), HIRWALGEA LFM Srigh ik,

4 {FRZLRYE

(ECRF R LFM (55648 3 4 LEM 48, BB HHAE L 2,3 €
EIBHEAN 214 1, 0.95, 0.3, AREIES 5% 20.0Hz, 40.0Hz, 120.0Hz 5 LRHEVESZ A4
8.97Hz s, 40.70Hz/s, 68.84Hz/s ; REEWIR f, = 2560z, {55 REESHL 256 . (FAFTMAT
AR R, EARMF 3 A4 LEM 4R A(E M5 %1% 10dB, 9.5dB, —0.5dB . K



E2M X% %. ET Radon-Gabor Tt &4 & LFM {F51M 52841t 223

R HI U IE AT 8T A5 B9 Gabor Aie B, P8 1 #0102 43 B A5 EAE B89 Wigner-Ville 4M17
(WVD) #1 Gabor Z#e, i 1 W&, {556 WVD BRI BN REREE, HbB T WVD 2
—~FARR IR M, EZSBAGFTHEE™ENRZXTMEWE, B, HEES WVD 41
T IIRHF SR —BEBE SRS EE T ERE, HFEFSTEBHENSE 3B
ERBU. XFHE 1 AR 2 7f4, R4 Gabor AAMAYEHAR SR WVD , {HETF Gabor 28
BN RN A, EETBRG T AFEEXXHAEE, Ak, EHEFESH Gabor
BEEMHLE HIES e EN 3 MR, 25X EE S WVD fil Gabor Z#:#4T Radon AF
e, H=4REaHmE 3 fE 4 FR. THE 3 fE 4 774, (HE{EFSH Radon-Wigner A5 i
(RWT) sr#EEmE, B WVD XS EE 51 RWT F£ERENFR, XS EEnE
By, BESHaRREHmR™E; M2 T, (HEE 549 Radon- Gabor & (RGT) R
BHPREE, ERFEFWEE, E25BESVRMSSHMHEITFREHE 8.
R SCR BT E, BRTTEIEAES s(t) 89 Radon-Gabor A8 #ei# RG,(u,a) , FFHRIEHLE
(B)(7) it EES BASH. E 5 ERES B 1 MRMIABRMA T EME S H TR IER
IEJG#Y Fourier ZF#i¥, thiE 5 A, SMRIAKRELE, 4B 1 HEEBIRKHERE.
PURIGHIR fo HHOMERWIREIXE 1 #TEEE, BENEE (2) FFEamwiEs
. B 6 fE 7 KSR 1 BFEFE S Gabor ZAHMRES I 2 AREABRMG A
LML B IS EAF S8 Fourier ¥, 1 6 ME 7 77H0, HERB M EETHMER S
S+ LFM 55+ &40 8, WMERRS BEXESBRMMSEMATEmE, B 8 fE 9 4
HAMWERSR 1, 2 ST EFESH RGT #MRES B 3 RN RMREIHEMRLIRLR S EE
B4 Fourier ¥, HE 8 ME 9 AT, RGT ATLIBFIH Gabor T E (SR, HAX
RHWET RGT L4 R LFM F5RMMEBEMETERE, dTE 4R RYEHHEAREZRY
ER3BA B, WM AXRIEE TXHHLBEARNES. REATBSINESSEN: 28 1,2,3 8
RS BE 43 5k 0.9877, 0.9594, 0.2988 ; #EHSSTAZR 4154 20.0Hz, 40.0Hz, 120.0Hz ; L4 FHR4S
#1% 8.99Hz/s, 40.74Hz/s, 68.87THz/s . i BB HEERH, A CHRHEHET RGT t£24H 8
LFM SRl fi28 it En 06 0 R e,

5 &

AICH FARE T —FEay 8 #— Radon-Gabor A#: (RGT) , SRS T H RGT 5t LFM
REHTRMNANSEETHER RS SBFREERABRHE THY O EES:. (FEXRE
WHZIMER BRI, SHM LFM {554 gy WVD M, R Gabor ZF#efyat iR
SR WVD |, {8 Gabor BB AR (UR—FERERFAR, LB FARIEER WVD 4

AR AY R UM A, T H Gabor Z#efyit B M WVD 4, Hilt, &3ciBHMET
RGT 8y £ 4+ & LFM {F5 MBS H R R —Fh LA BT A BT R a0 B sk,

L ’ e | L

04 Pty -2 oy
P { e ———_ J R, i
o P ST eI, 05 " &
50 100 150 200 250 S0 100 150 200 250 S At }50-300 2

t ,
PELRA LR I
B RE S WYD 2 4 504555 B Gabor 42l W 3 {5 I0A5 45 19 Radon-Wigner &3t




224 mF 5 f§ B % # %26 %

|
:: 0.8 ’\
k] 0.5 F\;( 0.6
- e = . |
= |
y 104
0 S T 02
%, 0.‘_; ; :
Zhid 0 100 50 0 z 2 o ST T
/_,/__T 15 ] 50 100 150 200 250 50 100 150 200 250
s ek I3 R Iy B R 5

td 4 j £47 ' ) Radon-Gabor 284t 1 5 MR350 5L 1 BOZRPEIMEIRANHL 1 6 BEIRZM Bk 1 A543 SHY Gabor T4k
XS ML Y Foruier 2285

1
o i i
lﬁ 0.5 1 F 05
by 5 bt
et e 'u/‘h“v.,lf.‘l,‘, ot 4 7. bR - 0 wﬁh\‘f%l‘ﬁ% {“ﬁw“‘%*w")w-‘fw
S0 100 150 200 250 R 150 100 50 50 100 150 200 250
RHERAE A & W i IR A
7 UL 2 (IR R SRR T 1 8 MRS BY 1, 2 U545 954 Radon-Gabor B84k 18 O 4RSS hit 3 (VLR YL 4R (31
X LR JE ) Foruier 28 #t PERET S LR IS 89 Fourier 4

& * x M

[1] Boashash B, Black P. An efficient real-time implementation of the Wigner-Ville distribution.
IEEE Trans. on ASSP, 1987, ASSP-35(11): 1611-1618.

[2] Barbarossa S. Analysis of multicomponent LFM signals by a combined Wigner-Hough transform.
IEEE Trans. on SP, 1995, SP-43(6): 1511-1515.

[3] Xia Xiang Gen. Discrete chirp-Fourier transform and its application to chirp rate estimation.
IEEE Trans. on SP, 2000, SP-48(11): 3122-3133.

[4] Wang M, et al.. Linear frequency-modulated signal detection using Radon-ambiguity transform.
IEEE Trans. on SP, 1998, SP-46(3): 571-587.

[5] Mihovilovic D, Bracewell R N. Adaptive chirplet representation of signals on time-frequency plane.
Electronics Letters, 1991, 27(13): 1159-1161.

[6] Tsao Jenho, Steinberg B D. Reduction of sidelobe and speckle artifacts in microwave imaging:
the CLEAN technique. IEEE Trans. on AP, 1988, AP-36(4): 543-556.

(7] kSt ey FPRESOVSLHE. 3 EH TR, 1998, # 1 .  1-180.

8] EE&. FTRENGSMTELE. LXK EHHFTRHRRE, 1999, % 1K 126-173.

XY FZ 35 5, 1974 4, Ht4%, EENFEAFSLENEFRE ST SLET TR,

P37 5, 1966 £4, HIHE, FENFEERENEELFFSLESITHOHE.

PUNLH 5. 1963 4, ¥#, HEESM, TRAHEMRANA. ARESLENTEASERERESTEMN
B



