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Abstract: The peak-picking method which is commonly used in Gm—APD laser radar 3D reconstruction
always gets the wrong target position when there is an abnormal peak, and the reconstructed image has
low signal-to-noise ratio and target missing because the threshold can only be integer. To solve these
problems, a weighted Gaussian-like matched filtering algorithm was proposed. Fitting the echo firing
histogram and normalizing can get the weight. Then the weighted window smoothing histogram was used
and the peak position was selected again for reconstruction. According to the Poisson distribution of Gm-—

APD, the detection probability and false-alarm probability expression of the algorithm can be obtained,
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then compared with the peak method. The result show that the weighted Gaussian-like matched filter

algorithm is better for the target in the middle of the gate. The theoretical derivation results are verified

by Monte Carlo simulation. At last, by using the real experimental data and reconstructing data with two

kinds of algorithms, the consequence shows that the weighted Gaussian-like matched filtering algorithm

has a significant improvement on the restoration subjective and objective compared with the peak method.

The results show that this algorithm has a good practical application prospect in dealing with low SNR

and real-time 3D reconstruction.
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Fig.1 Firing histogram obtained by multi-pulse firing timing diagram
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Fig.3 Fitting result of original firing histogram and schematic
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Tab.1 Three objective evaluation indicators

Objective evaluation indicator Expression Physical meaning of symbols
d is range obtained by algorithms
1,ld-d/<d, .
m:{o dedi=d d; is the standard range
—d,| = . .
Target reduction degree | A=d, d, is the allowable error distance value
KF% n is the target total number of pixels
m is the number of pixels inside of d,
Relative average ranging S (d—dy)? d; is the range of target pixels obtained by algorithms
error =\ =L ’ d; is the standard range of target pixels
m
p is the sum of the number of two kinds of pixels, whose target
The pixel signal to noise 1 _m pixels difference from the standard distance value is greater than
ratio of image K, p the allowable error distance value, and whose background pixel

points not filtered by the threshold value
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Tab.2 Experimental parameters

Target Range of target Delay/ps Gate/s Pulse width/ns bin/ns
Building About 1.082 km 7 0.5
Yard on the left side of Wall at the front of yard is about 634 m, and the 4 1 About 20 0.8

the road

wall at the back of yard is about 751 m
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Tab.3 Objective evaluation of real data

Peak picking method Matched filter algorithm

K, K»/m K, K, Ky/m Ks

0.53 0.78 0.05 0.73 0.45 0.08
+0.02 +0.04 +0.01 +0.01 +0.05 +0.01

0.28 0.77 0.03 0.53 0.44 0.06
+0.01 +0.04 +0.01 +0.01 +0.04 +0.01
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Fig.9 Objective valuation of real data versus frames
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