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Optimizational Design Method for Receiver Filter Bandwidth of
Satellite Laser Altimeter
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Abstract Receiver filter bandwidth (RFB) of satellite laser altimeter (SLA) resolves the key performances of SLA.
According to the operational principle of SLA, the theoretical models of received signal and receiver signal-to-noise
ratio (SNR) are established, and the mathematical expressions about range error, probability of detection and false
alarm are deduced. Under the condition that probability of detection and false alarm can satisfy the threshold, an
optimizational design method for RFB on the basis of minimizing the range error is put forward. As an example of
MOLA-2, the distributions of RFB and range error related with different target slope angles are simulated. The
results show that the optimizational design values of RFB are larger than values given by conventional method within
40° target slope angle, whose difference limits the scope from 0.7 MHz to 58.7 MHz. However, corresponding range
errors are less than them obtained by conventional method, the extent of their difference is 0.2~16.2 m. With the
restrictions of target variety and complexity, it is difficult to make every target correspond with a receiver filter
during its manufacture, so multiple receiver filter channels are set up to piecewise fit the distribution curve of range
errors, the RFB and corresponding scope of target slope angle for each channel are achieved. The optimizational
method of designing the RFB provide a superior and practicable scheme for manufacturing receiver filter.
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Fig. 1 Measurement method diagram for laser altimeter
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Table 1 MOLA-2 system parameters

Parameter Value
Laser wavelength A /nm 1064
Laser pulse width ¢, /ns 3.397
Laser pulse energy E,/m] 42
Laser divergence angle 0 /mrad 0.0925
One way atmosphere transimission z, 0.5
Surface reflectivity p 0. 26
Telescope Aperture area A,/m® 0.17
Receiver field of view Orov/mrad 0. 850
Receiver optics transimission 7 0. 565
Receiver optical bandwidth Fz/nm 2
APD quantum efficiency 0. 35
APD average gain G 120
APD excess noise factor F 3
APD bulk leadage current Iy /pA 50
Preamplifier spectral density L,.,/(pA+Hz %) 2
Equivalent noise temperature T /K 300
APD load resistance R,/MQ 3.5
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Fig. 3 Relationship between range error and target slope
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Table 2 Statistical results for multiple filter channels

Channel Eiher 'l“arget0 Probabilily of Probability of Range error /m
bandwidth /MHz slope /(%) detection /% false alarm /%
1 23.5 0~3 98.5~99.9 0~0.3X10"" 0.25~0. 81
2 7.4 4~8 98.1~99.7 0~0.1X10"" 1.14~2.31
3 4.0 9~15 96.2~99.0 0~0.1X107" 2.73~5.09
4 2.5 16~22 94.2~97.4 0~0.2X10"" 5.59~8.78
5 1.8 23~29 91.4~95.1 0~0.3X107° 9.46~13. 88
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