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Influence of noise on range error for satellite laser altimeter
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Abstract: Noise is an important factor of affecting range error for satellite laser altimeter with recording
waveform. According to the distribution characteristic of received pulse signal and noise, the theoretical
expression form about variance of time-centroid for received pulse signal was deduced. Thereby, the
impact model of noise on range error was built-up. Base on the principle of minimizing range error, an
optimization design method for low-pass filter was put forward. In terms of basic measurement parameters
for Geoscience Laser Altimeter System(GLAS), the distribution regularities of range error and RMS pulse
width for low-pass filter were simulated. As for linear target of geometrical parameters within 40° slope
angle and 15 m roughness, the extent of range error is 0.28-32.49 cm. Correspondingly, the scope of

RMS pulse width for low-pass filter is 1.4—57.4 ns. Aimed at targets with scope of 1° slope angle, the
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computed value of low-pass filter for GLAS is 2.2 ns, which is close approximate to 2 ns as published

practically value. Meanwhile, on basis of optimizational results for low-pass filter, the range errors

decrease significantly. The maximum of range error is decreased to 10.93 cm and corresponding reduction

level gets 3 times. All the results show that impact model of noise on range error and optimization design

method for low-pass filter is correct. They provide practical application values for hardware design and

performance assessment of satellite laser altimeter.
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Tab.1 Basic measurement parameters for satellite

laser altimeter

Name and signal of parameters Value
Photon energy(hu)/J 1.87x10™
Hardware RMS width of transmitted laser pulse(k,)/ns 1
parameters
of laser Energy of transmitted laser pulse(E;)/mJ 100
Laser beam divergence(6,)/prad 29
Area of receiver telescope(A,)/m? 0.638
Field-of-view of receiver telescope(Grov) 025
/mrad ’
Transmittance of receiver telescope(,) 0.5
Bandwidth of optical filter for receiver(Fp) 9
/nm
Quantum efficiency of APD(n,) 0.35
Hardware Gain coefficient of APD(G) 194
parameters Noise factor of APD(F) 3.24
of receiver
system Bulk dark current of APD(/4)/pA 50
Equivalent noise current spectral density of 9
preamplifier(Z,,,)/pA-Hz ™"
Equivalent noise temperature of APD(W)/K 300
Equivalent load resistance of APD(R,)/{) 22000
RMS width of low—pass filter(ky)/ns 2
Sampling time interval of digitizer(A7)/ns 1
Step size of digitizer(AA)/V 65.36/2'
Environ- Average solar spectral irradiance(y) 0.66
mental /W +(m?-nm)™! ’
parameters One-way atmospheric transmittance(n,) 0.5
Satellite orbital altitude(H)/km 600
Laser pointing angle(®)/(°) 0




2260 2315 ik T A2

% 44 %

7 P B A A5k o [l 90 A5 9 249 7 MR K i A e 1]
i K55 T B PR L RORLAS B A G, NG, 6T
1 PRI SRS 2 ] T AN ) H AR R EE AR
Rl B 25T OGN R 5% 22 4 0 A LA, AnI&T 2 s
Bl 2 e HARIERHE s 8 s A%, JFERAFTS s
KR,

40

———7r=0m
- F=F0
"""" =10m
30F -ememem —15m |
g20 _______ - -
I 20k s
X -7 i ’_,.f/
wf T2
0 1
0 10 30 %5 1
s/(°)

2 FOEM R 22 5 HARARL M RRDRS B2 9 5 22 it 42
Fig.2 Relationship curves between laser range error and slope angle,

roughness of target
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Fig.3 Optimizational results of RMS pulse width of low-pass filter
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Fig.4 Range error corresponding to optimizational results of RMS

pulse width of low-pass filter

ME 4 s eI LUE i, FTOE A 3 A R 1 I
s B 07 R VK T AT LA 280 i N I 7 O I P 13 2
(5, H /N BE S B AR A B U S 806 56 Reik
M, 5 H AR AR EE FURURS B2 43591024 40°F1 15 m B, 3
6 #E 5% 22 MUK ) 32.49 em I8/ A 10.93 cm,
ANIRBEFEE 3 4%, ZRWT T IOGIN BE 5% 25 455 AU A 8
DR AR BT e B IR M

4 & &

BT RO R A WUVK o (] P 25 R S
AREPE A, AR 3 M iR A 1 e P RO
DU FE5R 22 (e A [l | LAY S B BL il
fi& Hy — i I 1] AT R 10 SR I RE A9 2 O X



2

% 84

Bl OMEFE vk B AT 2 B R FH AN BER £ 6 H e

2261

R g P AR AL B i . Kl GLAS A2 20306
U S N LS Sy G i =% TR Y PO b S i il
TR 22 (1 52 e KA I &5 H P 0 30 15 7 AR Dk v i 6
a5 RFWT . X TR EEAE 198 Bl ) B s i
PeARAS 2 5 AR 8 A4 I AR Dk 96 A 2.2 ns, 5 SEPR
ONATY) 2 ns ARFEIT 5 X I A9 5O I B 152 2 B KA A
JFORAY 32.49 cm Y/ A 10.93 em, KIE T AR N FRIS
RV TEf M, X T B ORI S A
PEREVPAL BA — 2 1952 H M E

SE

[1] Brenner A C, Zwally H J, Bentley C R, et al. The algorithm
theoretical basis document for derivation of range and range
distributions from laser pulse waveform analysis for surface
elevations, roughness, slope, and vegetation heights [R].
USA: NASA Goddard Space Flight Center, 2012.

[2] Chen Shuhang, Li Zile, Chen Mengzhu, et al. Influence of
atmospheric multiple scattering effects on the range bias for
satellite laser altimeter [J]. Infrared and Laser Engineering,
2012, 41(9): 2522-2526. (in Chinese)

PREFHL, 4= F 4K, BREAT, 5. KA 2 UOHUR ROV X2 200
DI I ST ARG 22 EL A R I (T]. 14050 TR, 2012,
41(9): 2522-2526.

[3] Ma Yue, Li Song, Zhou Hui, et al. Effect of system
parameters on ranging and pulse width in ocean satellite
laser altimeter system [J]. Optics and Precision Engineering,
2013, 21(3): 813-820. (in Chinese)

ThER, ZERN, JME, 5. FREES BOM MO I i A3 i ) BE A
W] Bk sE R M [J]. OSB3 5% TR, 2013, 21(3): 813-820.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Zhou Hui, Li Song, Zheng Guoxing, et al. An optimizational
design method for receiver filter bandwidth of satellite laser
altimeter[J]. Chinese Journal of Lasers, 2012, 39(9): 136—
140. (in Chinese)

JEINE, ZERN, FRIEDG, 45 B OIS R GBI
A SO AL BT [9]. T EBOE, 2012, 39(9): 136-140.
Garener C S. Ranging performance of satellite laser altimeters
[J1. IEEE Transactions on Geoscience and Remote Sensing,
1992, 30 (5): 1061-1071.

Harding D J, Bufton J L, Frawley J J. Satellite laser altimetry
of terrestrial topography: vertical accuracy as a function of
surface slope, roughness, and cloud cover [J]. IEEE
Transactions on Geoscience and Remote Sensing, 1994, 32
(2): 329-339.

Santovitoa M R, Tommasib L, Sgarzic G, et al. A laser
altimeter for BepiColombo mission: Instrument design and
performance model [J]. Planetary and Space Science, 2006,
54(7): 645-660.

Li Song, Zhou Hui, Shi Yan, et al. Theoretical model for
return signal of laser altimeter [J]. Optics and Precision
Engineering, 2007, 15(1): 33-39. (in Chinese)

R, I, e, S WOBI S AR [ A S B A
[J1. S KE % TR, 2007, 15(1): 33-39.

Abshire J B, Sun X L, Afzal R S. Mars orbiter laser
altimeter: receiver model and performance analysis [J].
Applied Optics, 2000, 39(15): 2449-2460.

Sun X L, Abshire J B, McGarry J F, et al. Space lidar
developed at the NASA goddard space flight center—the first

20 years[J]. IEEE Journal of Selected Topics in Applied Earth

Observations and Remote Sensing, 2013, 6(3): 1660-1675.



