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Impact and correction of phase error in ladar signal

on synthetic aperture imaging
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Abstract: Specific to synthetic aperture ladar(SAL), the impact of signal phase error on synthetic aperture
imaging was analyzed. Laser signal was modeled, the impact of laser signal coherence on SAL azimuthal
resolution was analyzed, one solution by delaying the local oscillator signal was proposed. The impact of
nonlinear distortion in LFM signal on range resolution was analyzed. To solve the problem of the random
initial phase error introduced in the process of laser LFM signal modulation and amplification, one
nonlinear distortion and phase error calibration correction method based on reference channel was
proposed. Experiment and simulation results are shown.
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Fig.2 Block diagram of self-heterodyne experiment for laser signal
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Fig.3 Experiment results and simulation results of seed laser signal

self-heterodyne

P 3 Hh s o 55 SR A 25 S B AT T A5 — 2
FLAB R i A 3 O IR A U A R
S R B AR SR — B I UE T 1.1 ST A
ef5 SR A R, HLULIOCR PR 5 12
HEESHEA B, LRER IR, 4mW #06
FiF- U555 LR 82 1kHz,

XF LG E 3(a) 5 18 3(c), TEAF S B N ZY 16 1%
AIREBL T, AW AN 5 km 35 hNF] 25 km, 7] FH T AH 45
T F 1 R 5 R X 4 IO 3R A3 S I T AT R R R T

20 dB , LIS Y FAR , HOCH TR AR B 4T

PA_b S8 OGRS B DR EB/INE mW 4L
HAE S MAIRAE S . S2bn SAL 9 RAEAEH]
B /NI R PO T IR 5 B AR EORE] 20 W
TG AR R B4 4 T %748 A B i 2 5 0
RAAE, RGBS RO T it — 25 A sr
FIBEDLIR SEEHLAHAL, B LUBOR IS BOBAE & AR
TR

s(H)=exp{j-[2m j (f+A-sin(2mfit))dt+

2m | (0 diedn+2m | fDdr+ b1} (9)

S L£(1) € N0, 0w) H UK 8531 A 9 185 17 43 11 (9 Bt

HLBIR ; (1) € N(O, 0y, ) Jg B 2531 A B 5 107 4 i
O BEAILAR 37,

B4 25 T 3K 1.55 wm B9 20 W SOGBE S A

Y12 U T S FCOH VLR 0 U4 5, 2 (B AR

Mkrl 150.000 00 MHz

-29dBm_ Atten 10dB -50.323 dBm
| 20
[T 111
| [N ) VA I or
RBW | [ I 11 = '
20kHz | 5 200 rﬁrfl\l
T i E _s0b I 'II 'U'\,'n
= TJ”\I‘MHJ f' d\ﬂf '8
-6+
Center VBW 2kHz  Span 500 kHz -80

-'3[!(] 100 0 1000 200
S~ 150MHz/kHz

150,000 (0 MHz
Res BW
2Hz

Sweep
476.6 ms(601 pts)

(a) 5km FiE i (4 52 56 2%

(a) Experiment result of

(b) 5 km ZER [ {5 FL45

(b) Simulation result of

5km delay 5km delay
-52dBm_Atten 10dB 30
T k
D Y Y A of
| = 1
; El A
IFER| | ::-: _%t] }\IH 1.!-.
LTV o = o m Y Y
| L. e S ku"‘\\;“’("‘ l‘r"].""\u ‘h'.l’flu\'
1 -50r
|
L i T
Center VBW 39 Hz  Span 100 kHz -40 20 0 20 40
150.000 0 MHz Sweep S 150MHz/kHz
Res BW 2.394 s(601 pts)

39 Hz

(c) 25 km ZEHT [ 9250 45

(c) Experiment result of

(d) 25 km HE 1 {5 B 25 2
(d) Simulation result of
25 km delay 25 km delay
4 20 W BOGME 5 A 5P 22 2B 45 R 505 A5 2R
Fig.4 Experiment results and simulation results of 20 W laser

signal self-heterodyne

0306001-4



9Nk TAE

5 3 M

www.irla.cn

% AT %

w5 A BENLR bR EZE R on=1kHz, FEHLFH{L
(IFRIEZE A 04=0.151ad, Tf A5 R 5 SR 4 R AR —
2, B A2 (9) PR R BOGAE 5 B K )5 -2 5K
FITERRTE , SEEGZE R R 20W HOGIE 54584 2kHz

X 3 5 4, MR T IR S KR
WOLlE = AAb Mg, G X S T2 10 dB,
iR N S I DN A Y BRSO ¥/ &) ey
JRCALAE AR AR 8 LU 36 52 1

B 545 7K 1.55 um B9 20 W BOEE S S
T 7 U5 O A 5 A 22 256 45 5 K X I 1) ) L &
BT EHSHERE 3 K AN ESEEEARME, F
SR 10ms, [ EEE RS04 R A A S
—H U AR E AR O) IR GE SR K ES
BRIERTE, 20 W BOGE S SFFIRROGE 5 2%
WS B2 3 kHz , KPR F IR OGRS 1 A 2200
TETE A 20 W OGRS H AR 220005 T8 R

30 30
10} 10

m m

=l o

< 10t < -10F

£ 30 g 30

2 30t £ 5l

5 5
50} -50F
00 20 0 20 40 050 20 0 20 40

£~ 150 MHz/kHz 150 MHz/kHz

(a) 25 km FE B 1) 56 2%
(a) Experiment result of (b) Simulation result of
25 km delay 25 km delay
K 5 20 W BOLTR 5 SR FIRBOLE S 2 L a R S B A R

Fig.5 Experiment results and simulation results of heterodyne
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FH 20 W BOLE T, ARG5S 500 A=20kHz,
fr=20 Hz, 0,=25 kHz, 0,,=0.1 rad, K #% S N
0w=1kHz, 04,=0.15rad, FET & 7 iR REHER S
1R RESE, X —AKEE SALM AT T
THYERR T E

x 1 SAL R4 5#
Tab.1 SAL system parameters

Parameters Value Parameters Value
Wavelength/pm 1.55 PRF/kHz 20
Squint angle/(°) 0 Range resolution/cm 4.5
Center range/km joo  Nonfinear ratio/band ., ),

of LFM signal/GHz

Standard deviation of
100 LFM signal rand /2
initial phase/rad

Relative speed between
SAL and object/m-s™

Azimuth resolution/cm 1 Pulse width/ps 10

Synthetic aperture

. 0/1/5
time/ms

77.5 Delay error/km

AR B A R FLAR BT TA] 77.5 ms, 47 Bk F
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Lem J5 L4 HER BOGME 5 02 AR 36 0y H % i 1k
| 13Hz, HEETH 2 WABOCE S B EfT T
77.5ms ARG S5 20 W BOGE S AN E07 |,
I’*‘I 8L T T ESS R, E 8(a)y/n 78 A LE IHF I

P A0 6 20 W SR B8 1A 1) 13 Hz, DA 7 AR {5
ﬁLHﬂ“m%jﬂ 0 MG DL, N AEAEIA ] 1 em J7 07 43

HeR ) B 8(b)yn H TEVELF HERF B 1 km TH LT 12
AT R4 B Rk #) 13 Hz, (H 255 EFH29 1dB, it
BIAEAYRAS S ZE I 1R 2% 1 km (IS0 F , t1 T O7 (155
M ET, ARREIN R IEE] 1 em FEHE% . B 8(c)R
W TECEFAERT Skm BN, TSR TR Z 18
BSR4 WER R 3 100 Hz 247, BEAEARIR(E S

0 0 OF
X:0.020 79
X:0.01935
~10F Y-13.27 -10F Y:-12.27 ~10F
g 3 =
. 200 % s 20
s s s
€ 30 E 3 g 7305
=} j) =}
-40 —40f -40
-50! 1 A n 750: L u n -50p 1 L 1 L L
—0 2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
Frequency/kHz Frequency/kHz Frequency/kHz
(a) ANIER (b) FERT B 1 km (¢) FEMF K 5 km

(a) No delay

(b) Delay 1 km

(c) Delay 5km

&l 8 42215 H 45

Fig.8 Result of laser signal heterodyne simulation

TERFIRZE Skm RYMEOL T, EAATREAE 1em 7 4.1 SBHRFEER
orPEA, Hos R H s KOsl TG Abfi BER, K24 TR
[=) OF L
L 0
0.04 o
0.02k (€& -10 -10f
g =) : | 3
i qo000l2J0R00 | £
2o S 5 730 5 0,
o —40 40
~0.04f =
-02 -0.1 0 0.1 0.2 04 -0.2 02 0.4 -0.10 -0.06 -0.02 0.02 0.06 0.10
Relative range/m Relatlve range/m Azimuth/m
(a) BURE R (ANEAEE I 3R 22 AR Lk 2k ELRIBEALYIA)
(a) Imaging result without delaying error, nonlinear phase error or random initial phase
0.06F of OF
0.04L X:0.01722
1ok -10f Y1247
n
g 0.02} @ m
= 2 Sy
z o 220 3 20
£ =z k|
<00 5 -305 5 -304
-0.04}
-40f -
~0.06f 40
03 02 01 0 01 02 04 02 0 02 04 ~0.10 0.06 002 0.02 006 0.10

Relative range/m

Relative range/m

Azimuth/m

(b) MR EEH (1 km JE I 1R 2 IS 2 38 38 0 JE L1 2 FURIBE WL AH AT AL IE )

(b) Imaging result with 1km delaying error, nonlinear phase error and random initial phase are corrected using reference channel
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-0.8 -0.4 0 0.4 -04 -02 0 0.2 04 -0.10 -0.06 -0.02 0.02 0.06 0.10
Relative range/m Relative range/m Azimuth/m
(¢) MUREE A1 km ZE I 452 22 IS 2% 1l 18 AU BEALWIAR HEAT AL IE)
(c) Imaging result with 1km delaying error, only random initial phase is corrected using reference channel
0.3F =z oF
0.2 2 1ok
= = g;—20— g
g oF o= -:-:.\@é@ = = 5 g’
< -oaf = 5 30 5
&
-0.2r = —40H
=
o3l = : ; ; - ; ,
-03-0.2-0.1 0 0.1 0.2 -04 -02 O 02 04 -0.10 -0.05 0 0.05 0.10
Relative range/m Relative range/m Azimuth/m
(d) MUAREE IR (1 km FE R 22 22850 3 (U0 AR 2 2k AT AL IE)
(d) Imaging result with 1 km delaying error, only nonlinear phase error is corrected using reference channel
0.10f of OF
0.06f -10F -10fp
g ) /M
= E o
£ 0.02r & 20 5200
g ° £ E
‘R —0.02F ‘g =
2 S 30 5 30
-0.061
-40 -40,
-0.10t . . = L L L . L n . .
-0.2  -0.1 0 0.1 0.2 -04 -02 O 0.2 04 -0.10 -0.05 0 0.05 0.10
Relative range/m Relative range/m Azimuth/m
(e) JBAZEEH(5 km JEMS 1R 25 )5 2 30 38 X AR L 1 2 BRI BEALWIAH BEATAL 1F)
(e) Imaging result with 5km delaying error, nonlinear phase error and random initial phase are corrected using reference channel
F 9 xi B FR IS G ) B4
Fig.9 Imaging simulation result of point target
®2 RBREBBHEERNEXSHY
Tab.2 Related parameters of imaging simulation result of point target
. Far field noise
PSLR along ISLR along Range resolu- PSLR along ISLR along Azimuth reso- level alon
range/dB range/dB tion/cm azimuth/dB azimuth/dB lution/cm . g
azimuth/dB
Fig.9(a) -13.2 -9.68 4.5 -13.2 -9.68 1 -64
Fig.9(b) -13.2 -9.68 4.5 -12.47 -8.45 1 —-60
Fig.9(c) - - - -12.47 -8.45 1 -60
Fig.9(d) -13.1 -9.65 4.5 -11.92 11.14 - -15
Fig.9(e) -13.1 -9.65 4.5 -3.5 1.9 - —-60
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BT EAS RS

XF I 9(a) 5 9(b), # SiE I 15 22 1 45 ] 78
Tkm LAPY, H 5 2% 38 18 0 - 2 2 EUAR A3 A il
PMLWIAHZEA T FR AR IE 15 S AL IR 25X SAL B 1)
SRS /N AU A 0 S5 L AN R 43 55 LE 1 T2
1.dB, A J7 A ] 22 00 A 36T 55 R A A 40 1 1
A D5 62 43 SR A R RN 5 em A2 A7, ik B B E A
TR ZEREAE AR 1 km (S5 58 AR MRS 2E I 52 25 45 il 78
1km), B FHOGE S AT 422, BB SE 300 J5 37 43
HERABMELIE T 5cm,

XTI 9(b) 5 Kl 9(c), #5383k 2 7% 3 JE AU Fif
MLRIARIEAT RE BRAL IE | BHE ) B A5 B 58 4 U | Beist
ME LA E LR ) 23 B3R UG 55 0 LU AR 53 5 R L
XT LB 9(b) 5 &l 9(d), A5 id it 2 7% 38 18 AR AR M
REMATERALIE, 5 7 L5 B I X e 75 1 5 T
F-15dB, BUr55 Mtk 7 % 11.14 dB, BFR R (S
WL R AR 2, AR BB A IR F 1 em 0 43
B, P ESTREAE T 2% ARk S

X E 9(b) 5 Kl 9(e), G IE M2 22 HH 1 km 1§ K
F 5km, FAE A IE(E R T E-3.5dB, f1
Iy BT 1.9dB, B IR B AR GZ 1 B Ax
K F O TR IE L AR b S | AR 7 1R 2% IE
SRARAI AR £ B, AR E AR R 5 S0 H bR
IESZ AR TS B A 8K AR H AR SR BB R, 78
BB O AT L BRI e R B, T E
SR ULH T SAL 8 SHELI f = A o BER YuE
AYRAE T AT, [RIBIGUE T AHR(E 5 ZERT b B
(A S5 5 B
42 DEBWRFEER

B 10 g5 T EAE A BE His, K11 4l
TUREBWTESGR, £3HHTIE A EHYS
RIHESEL

-10
-8
-6
-4
-2

0

Azimuth/m

-8 -4 0 4 8

Relative range/m
K10 A HAx
Fig.10 Satellite object

Azimuth/m
Azimuth/m

-8 -4 0 4 8
Relative range/m

Relative range/m

(@) JBRE RONFAEERT R 22 | (b) RUREE R km FE I 3225 |
Rtk 2k EABEALPIAN) B S UBEROE RS RS
HFBFEHLHI AR ATALILE)
(a) Imaging result without delaying (b) Imaging result with 1km
error, nonlinear phase error or delaying error, nonlinear
random initial phase phase error and random
initial phase are corrected

using reference channel

Azimuth/m
Azimuth/m

Relative range/m Relative range/m

(c) MR FRQ km MEAFIR2E . (d) BURES R (G km TER R 25

AR AR L S FLANBEAL B S UBEROE IR
WIARZEATALIE) KA MBEHLPARIEATRIE)

(c) Imaging result with 1km (d) Imaging result with 5km

delaying error, nonlinear delaying error, nonlinear
phase error and random initial phase error and random
phase are not corrected initial phase are corrected
using reference channel

11 TR BRI AR H A

Fig.11 Imaging simulation result of satellite
®3I IEBREBHTELERNEXSY
Tab.3 Related parameters of imaging simulation

result of satellite target

Fig.11(a) Fig.11(b) Fig.11(c) Fig.11(d)
Entropy 13.77 13.8 14.14 13.9
Contrast
2.95 2.89 1.3 2.47

ratio

ST PRTAR T 5 PRTAGONS L B ) TL RS H bR LA 15
HAE R ATV
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n=1 m=1

H(image)=— Y, X p(n,m)-Inp(n,m),p(n,m)=

limage(n,m)|
M

N
Z limage(n ,m)l
n=1 m=1 (22)

n m=1

. H(image) , C(image) 43 7| Ay 4% 455 AT IR14% X Eb
JZ s image i & EME N, M 5350 8 BR B 485 R
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