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Fig. 1. Schematic diagram of all-phase fast fourier

transformation.

3.2 ZRMNBIREZEENE

ST UL B Az o A AR, RS AT
FAG FR WO B Ab B b, SR — AR R A A A H
PREAEENE: e T ES RIS BB ERRE,
TV GBI AT AR G, SEBL T M 38 [ml
Befs T KRR H AR BRI 23R 5 S 402
T RE RIS B HARE A O H 2, R A
A ARAT ARV ) AT 45108 A 1E 3R A5 50 R f 1 A 6
liHE R, BARSEROP RIT:

FBL MR EAE SRR N 2N, 5K
BRI AR BRI BN 2N — 14

z(n) ={x(-N+1),---,2(0),--- ,xz(N —1)}.

W2 KRR T G R 0T AR AL
WL 2n(n) = x(n)we(n), 2RJG LAFE & 2(0) N
LB BCRFEE S, BBIHIE T2 N DB
I 324 A 57 i N T

y(n) = [e(n)we(n) + z(n — N)we(n — N)]Ry(n).

SER3 XA AR R FFT, BI45 34
FARLHE Y (el@):

Y(el) = %[X(ej‘”)  Wo( o)
+ e INU X (¥) % W, (ei)] * Ry ().

B4 KA AL AR VR BRI 4 A AT 1
Y () O ks IF, RS TR S 3 AN SERR IS 5
AEFRIARARL, MO AL P & 2 % R 4T 1 H bR EL A
R g B KA 1 3 1 2 M 8 B 4Pk 52 1% 25 ()
ARA IR H bR EL AT A .

$Es HIPERL PR BRI FELAL
BG, 19378 55 250G i 1 H A 32 S8 56 [
O(u,v).

SUE 0 O(u, v) e — e 55 0 B0 25
HIWH B8 ENE Oz, y):

W-1H-1

O(z,y) = Z Z O(u, v) eI/ Wtvy/H)

u=0 v=0
x=0,1,2,-- ,W—1;
y=0,1,2-- H—1.

2 AL A br EL A AR SEUHE .

BV S/ S |<7 I RAE I BE

AT T BREL

S EE
[ 1 1

| x| e || i || #As

B2 Aof H bR B SR SEHE &
Fig. 2. Schematic diagram of all-phase target recon-

struction method.
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Fig. 3. The closed phase of u axis with beam 2 existing fixed frequency error: (a) all-phase method;

(b) traditional method.
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Fig. 4. The reconstructed image with beam 1 existing fixed frequency error: (a) the target image; (b) tra-
ditional method (M = 10); (c) all-phase method (M =10); (d) traditional method (M = 20); (e) all-phase

method (M = 20).
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Fig. 5. Comparison of the closed phase when existing random frequency error: (a) w axis (M = 10); (b) v
axis (M = 10); (¢) w axis (M = 20); (d) v axis (M = 20).
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Fig. 6. The reconstructed image when existing random frequency error: (a) the target image; (b) traditional method
(M = 10); (c) all-phase method (M = 10); (d) traditional method (M = 20); (e) all-phase method (M = 20).
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Fig. 7. Schematic diagram of coherent field imaging system.
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Fig. 8. T transmitter array and experimental targets: (a) T array; (b) six wings; (c) letter S; (d) letter A.
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Fig. 9. The reconstructed image of target six wings: (a) traditional method (11 x 6); (b) all-phase method
(11 x 6); (c) traditional method (15 x 8); (d) all-phase method (15 x 8); (e) traditional method (15 x 16);
(f) all-phase method (15 x 16).

V

(a) (b) (c)
10 S HIxEMEIR (a) f£45% (11 x 6); (b) &ML (11 x 6); () f£48% (15 x 8); (d) &AL (15 x 8);
(e) 41k (15 x 16); (f) &ML (15 x 16)
Fig. 10. The reconstructed image of target letter S: (a) traditional method (11 x 6); (b) all-phase method

(11 x 6); (c) traditional method (15 x 8); (d) all-phase method (15 x 8); (e) traditional method (15 x 16);
(f) all-phase method (15 x 16).

—

(c) (d) (e) ()

11 A H#EMER () 4% (11 x 6); (b) &AHAE (11 X 6); () F£4ti%k (15 x 8); (d) AAHAIE (15 X 8);
(e) 1£4ik (15 x 16); (f) &ML (15 x 16)

Fig. 11. The reconstructed image of target letter A: (a) traditional method (11 X 6); (b) all-phase method
(11 x 6); (c) traditional method (15 X 8); (d) all-phase method (15 x 8); (e) traditional method (15 x 16);
(f) all-phase method (15 x 16).

HH 2 A SN H s R A 5 R PT AR SRR
MBS T AR SRR TOVE A H br, B R 58 A s
WS 5L, Ak Re U8 IE R A H AR 1R,
FLFE B AR AR R J 244 A Al i, 611
THT AR AR 7 R e s th B S 2R3 &
(K S B

FKI1HHT N, =7, N, = T%4FF, 5t S Hbx
B A I 4 AL LE s o B AT 4 I S A
LA B 1 H AR 1 RE = AS 5 3 AN HAAIUTZ ) S
BRAE (HH T w il o 5% H — A S H S AR e 4877 6]
AABR (1, 0) A0, 1) A&, WL 8 (a) B, BHBLsEFrfg
BEELAE BN N, — TN, — 1).
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SARNLIZNS S HAR AR 2SR (AL Hz)

Table 1. The real beat frequency obtained by all-phase method in target letter S imaging.

49675 49673 49679 49676 49673 49672
w il 100330 100320 100320 100330 100330 100330
150030 149990 149990 150000 149990 150020
50325 50326 50324 50330 50331 50331
v il 99980 99984 100010 100010 99992 100010
150320 150330 150330 150280 150310 150320

HHER 1 AT % Bk H bR B SEBR RIS 5 1k
i [50 kHz, 100 kHz, 150 kHz] tH B 2, w flif)
B KA A 2 4 [—328 Hz, 330 Hz, 30 Hzl, v i)
B KRR 25N [331 Hz, —20 Hz, 330 Hz). 7€
ANTEOLT, AARALIEA AN T AR ZE ) H b b
G AEALIIZ I I E AL H AR (B 10 (d)), UFR T 3
FEZE AP SR SIAEE T UISEAH 2.

SIS R = AR AR I B K B B
15 x 16, Bl KFLE 225 mm, EHFELKE T,
M B B UG A o R I B A 1

0 =1.22(\/D), (5)

Horb, NABOGEK, DAER DR, TR RS
(RIAT S A% PR 1 20 B 260 5.77 prad. BLZSTRE AR N
i, ot sz A MR 9 (f) T R B AR i /Nl
THEAT A, 15 B SL R BN 0.35 mm, £E A
R EETS 60 m FI S5 T A] K SERR AR M o HE
5.83 prad, T Bhik FIFIE AR IE.

kB a3 T A A ALVE RS =Fh HBR 0 BUR R,
2 R 7 A LA B 2 i, =R E AR B E A R
BT B FERE ST, ZSNHE BRI 9 (f) Lt
9 (d) BA HIEMH) HAREEEE, S HARA A H iRt
HATTELF 1) B ARAHT, PR AE 5256 rh S 308 6 5 2 1)
AR BB E R AR E A TR, S0, ik
1R A 22 1 L, 8 I 4 AR LI A 4 A 6 T
AL PRI BT T JEE S R AR = AN [ 77 5,
Ferh T 7 SR 10 H Am I s 9 v, PRLMCR
Tt T IR ARG TR AR EMaE R, £ 1 —
AT, EANSLE RGUER R SO E AR
KRG, 7 SEI6 o FATRHARSE B AR KT g1k
FeaErn e 77 5.

5 & W

H AR 1R A5 5 A0 2 5 R AR AR T 37 R B
BORWE TR W, T RSB R IR 5 h 77
FE 2 P PLBI PR 3R AE A5 2IE H AR A S BRI I i

B, FECR M E @ A R R R E H
PREMR. T ST, Rl AR iR 2 B
PRV B 7 VAR A T3 BB A S IR B 7T R A
BOME. RSO AL 2S5 A T 85
TR, SR — R R AR B s B A, i
Xt H AR B e B AT 5 BB A A A 1 0 M i R T
SEWCH bR P E AL, RENS 30 2 PR R 25 H br
AR BRE I, HER R E AR . A H AR
&, fid 7 7S B T T3 g = 40528 &
g, FERICRAE TG A H AR, ok 714t
RICVEE R R AR, HESD 1A T3 R BOR
L.
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All-phase target reconstruction method for coherent
field imaging*

Cao Bei! Luo Xiu-Juan Chen Ming-Lai Zhang Yu

(Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China)

( Received 3 November 2014; revised manuscript received 18 December 2014 )

Abstract

Received signal processing and target reconstruction technique plays a key role in coherent field imaging, and directly
influences the quality of the reconstructed image of a target. Based on all-phase fast Fourier transformation (FFT)
spectrum analysis theory, a new processing and reconstruction method is proposed. By directly extracting the phase and
amplitude information from all-phase FFT spectrum of the return signal, the proposed all-phase target reconstruction
method is capable of inhibiting the frequency error caused by many factors, thus reconstructing the target image more
precisely. The validity of the proposed method is proved by a coherent field imaging system in outdoor environments,
and it has a better reconstruction performance than a traditional method. The resolution of the reconstructed target is

close to a theoretical diffraction limit.

Keywords: coherent field imaging, target reconstruction, all-phase, frequency correction
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