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Parameter Design of Space-Borne Laser Altimeter

He Yan Chen Weibiao

(Novel Laser Technique and Application System Laboratory, Shanghai Institute of Optics and Fine Mechanics ,

Yang Fu

Chinese Academy of Sciences, Shanghai 201800, China)

Abstract In order to realize the high spatial and range resolution for a space-borne laser altimeter based on
frequency-modulated fiber laser and heterodyne-range detection is proposed. The detailed principle of detection is
presented. The relationship of range accuracy and signal-to-noise ratio with laser power, telescope diameter, and
pulse width are numerically simulated. The relationship and the optimized parameters are given after the analysis of
system parameters. The results show that the space-borne laser altimeter based on coherent range detection can
achieve a range accuracy of less than 15 cm with telescope aperture of 400 mm, chirp rate of 1 MHz/ps. pulse width
ranges of 150~350 pus, and average laser power of about 10 W.
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Fig. 1 Block diagram of space-borne laser altimeter with coherent range detection
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Tablel Fixed parameters of system simulation

Parameter Discription Value
L Orbital altitude 400 km
R, Responsivity of the detector 9 A/W
Yot Atmospheric loss factor 0.5
ays System loss factor 0.5
e Heterodyne efficiency 0.8
B... Bandwidth of the detector 800 MHz
) Target reflectivity 0.1
G Optical gain for the return optical wave 1
T. Temperature 273 K
R Resistance 50 Q
faom Frequency shift of the AOM 600 MHz
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Fig. 2 Pulse width versus lidar power at different range

accuracy under telescope diameter of 400 mm
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Fig. 3 Pulse width versus lidar power at different telescope

diameters under range accuracy of 0. 15 m



576 ot 2 ¥ (i 28 %
Pr JEEOREEE SL 142 D WX I G & 60 :
1 1 T=350 ps
I'=Torx<wosprpr 1O 60 -8 Fr 3 12
PR L2 D, ik ) 0. 15 m f 85 BB B L B b ) o : ﬁ%(g)gg
Yo T M AR P FCRIE 3 Prav. A Z 30 7:T=50ps

EIH AT DUE 2 D<<400 mm B, 34 00 225 45 1 42
DXk FEE T KM ASI 3 Py Y5 O B
M4 D>400 mm B}, 85I BE F AR D Xk b g
T M AIZE Py e IE AU, B DL S 45
04 D EfE 400 mm,
3.2.3 BERHAZEwE

HAPLEE 142 D=400 mm, % B3 R G FH TAELE
JUE ZILTBR2% , KR i 8] Bk 58 T #9728 430 Bl 3
FETE 50~350 ps, AR M IKTE T 1ZEML KR
50 pso MR (7 HAT45 B {5 M L Rox Al AT 38 Py
BRI 4 Fia. B 4 P 5 2 5 40R
Gy AN R B (E) Bk 56 T B, BE SRS B 8L =15 cm X}
VAP0 S 77 s B N i 1D @ o AR O NS
RNRFBEPKSE T 7 060 0 10 i A T %6, A4
RE T JE 28 G0 0] I RS B I EEOK

M4 Rl DUE K P 5 BE T=200 ps Jo . &
BEX R 2y SR W] AAR B L .

-80 | ()
-100 |

-120 |
-140
-160 |

Power /dBW

-180
-200
-220

2 34 5 6 78 910 11 12
Frequency /Hz

20

1 23 4 56 7 8 9 10 11 12
Lidar power /W
4 HIEEE 142 D=400 mm, A[E fkop 58 % T i,
R Ho Rox BEBOE T 22 /9 22 4k
Fig. 4 Rs versus lidar power at different pulse widths
under telescope diameter of 400 mm
MGG EE 142 D=400 mm, T =200 ps, k=
1 MHz/ s CRIWA Bk {5 547 %8 B =200 MHz) , Py =
5 W, DAAH T4 I 2 i th A9 15 5 0005 7l R 8 e ¢
fif ) ok B A S Rk a1 5 TR . MAOAE TR £
A A5 S A 2% T B S aom MHz b 1 W Wk 45
o T AIEL 5 Ca) w3 ) F) WA WK 15 5 8 80 A e P v
B 5 (b) o Rl LU H R G5 RE 16 i A8 M 3 BE A 5 4
;AR . X L 5 Ca) (Bl 5 () AT L FE 43 i B K
I 400 01 5 3 WO B AE

-115

-120 L

-125

Signal /dBW
| | |
2 o &
(=] (V2] (=]

-145

-150 -
0 1 2 3 4 5 6
Frequendcy /MHz

FS AR THRI0 a5 i 15 5 (0 Al & B AR A 5 (b) I 3%

Fig. 5 Frequency spectrum of the coherent detector’s signal (a) and finial target signal (b)
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