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Processing of Point Cloud Data for Photon Counting
Laser Range Finder System under Movement Condition

ZHENG Xiang-yang, DING Yu-xing, WANG Hai-wei, HUANG Geng-hua

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: The detection theory of a photon counting laser range finder system under movement con-

dition is studied. The theoretical issues such as statistic distribution features and detection probability

involved with the data processing of the system are analyzed. According to the ranging background

under movement condition and the characteristics of echo signals of the system, the simulation signals

containing target echo signals and noise echo signals which correspond to the statistic distribution fea-

tures are generated by Matlab. On the basis of the research on the traditional data processing algorithms

such as Poisson filtering algorithm, an improved algorithm based on raster filtering is proposed. The

algorithm is used to process the simulated echo wave data. Finally, the noise signals distributing ran-

domly throughout the detection space are filtered out effectively and the motion trajectory of the target

is obtained. Compared with the traditional data processing algorithms, this algorithm is more effective

in the processing of photon counting laser ranging data under movement condition.

Key words: photon counting; movement condition; laser ranging; data processing algorithm; simulation

=�>?�2016–04–10

@ABC�IDJKLDEMNFOPQ (CXJJ-14-S133)

GHIJ�RST (1990- ) �U�VKWLX�YZ�[\M]N^_`aNObcdPeQNfR�

E-mail: zhengxy@mail.ustc.edu.cn

Infrared (monthly)/Vol.37, No.6, Jun 2016 http://journal.sitp.ac.cn/hw



� 37 Æ�� 6 � � � 25

0 gh

������
�	
�	
���
�


�����
�
����������


���
�
�����������
��


�������������������


��
�����
���
�
������

�
�����������
���	
�

������������
�� [1−4] �

����
�����	��� �� 

�
	!�!��
�
��"�"���


�	
�
�#���#$��%&��
�


'����$ �	�%�!�������

(�%������
�	
����&�
�

���
���
�!���'"#���$

() 
���!%��� �$�" *&

)#$%
���#��*!��+�,'
+

,�-�()��-����
*& [5] �.�

�*�.�!����
���
�"�$�*

�&!%��+'!�
�/�0���&(

/�101,2�'!��
,'�	$,(

)�%
2-�&/��3 [6] �

.�$,/!
0��4'������

��
�����
��)'1$$5���

��
���
*6��2�3��14�7#

���
38%5Æ+.�36

����

�3��
,4*5(�1$$%���-91

$7(�.Æ8!#��
6/:.8$�9�

�3��"
38%5Æ+.�36
�!�

&���0��1$:;
�2�0� [7] ��

;�.3<7$����
���
�
�&

/���<�451�3��"
�&/�0

*�

6. KAIST 6/==�-1$,$78



�89��0��#0�9" �	>Æ


'�" :���>�	:?�
���
�!

�	:?Æ
1@����A>:?Æ
��?

�@�����
��� [8] �;. Heriot-Watt

.+
������A����	
1@��B

���B

�;C$�C;C!%D<�$

'�D=E�
�!
�2�C;C!%1@

�0�<="���
�	
� [9] �F. sigma

Space Corp �E>?F.+$
��6/19

�3��"
GG'!0���	1@0��

������
���
�"�&/�
�%

� [10] �

��������	
�
��	���

���
���
�
��H2>$�?��

���IH�I�
I%��)#�@J@A

�
���
�2��> *!1$���&

�����
�����"
36'J��&

��0��KGG'!0���	1@A�0

��KL8$���70�7$BB��!%

���$CC����	
�
�7DM�H�

���	��"�()
�	�&
� [11] �@

N�6/���������
���
�


�&/����(
��������#
�

$��
��	
�
E7������#


�
���

1 SijklSTmnokpUqr
Vst

1.1 FWGXYZ[GH\Z]I^_J`a
&�
K�LL
���M
D$+
�

;C�C7���"$�
.7
�!
��

O5�!
�

38$�����!�36�

!E(,4
P9�@N�����!�!'�

4F"M&894N9��
��36
�O

�G�

.�$,*�%&��
���'�
�

��������
�������9
��

�
�
'�HP����IN9 [12] �QO�

'�HP�
��4)O@R�!
�"
3

6
�.�PJ��!
��36
�
P9

14�@N-���0Q
898$���!%


�SR�

GG'!0�	$,*�SK'�
�&

/�0��T!�3���L����
���


��&/�MQ"�0"�$TU
����

NR.�#0�����+.�36
%
3

8()
�
���GG'!0�
*6M�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.6, Jun 2016



26 � � 2016 � 6 �

UF��9�V2-
�!) S ($��	


�) <:���>) V�TUW	36�XO

PQV
) V�R�SR��
��WW [11]

SX1$,GG'!0�!�3��"
QX

������>) :?!Y>�	>ÆYZ

���
���
�236
��XSK
,4

��9()
���-��@N�6/GG'!

0�(Z�$����
���
�"�&/

���
6/�

!GG'!0�"��	:?
[��5

R89
M(@$0�
��Y[$.\]�

\�	:?T5R89M(,Z���
�@

[^U!WV36"�"R	!WV�]W�


38I%
^X��@N�'!0�
M�#

�Y��!�&
"2�
�M�\��:.Z

[�@J���M���0�
1_\��F�

D_
�&���\�WW [10]6/"��GG

'!0�"
<`#5R89��7(�

nbins =
tgate

τbin
(1)

C =
Ns + Nn

Nn
(2)

Kopt =
Ns + ln(nbins)

ln(C)
(3)

A"�tgate �`>]) ^��τbin �`A>�

	:?a$�
) 9� nbins ��&���'

"a:�
�	:?���]� C �A>�	

:?Æ�!
��36
�
89� Kopt �<

`#5R89�

1.2 bacdeGXYZ[GH\Z]I^_

JfY

&�
����
����&/�0�K

GG'!0�0�7$BB�����
��

�
�2��1$*&)#$b
^X�U(

bL���������
�_F2-�&


/��5$CC���	
�
�7D��

*�<cGG'!0�*!
,'�6W^

&���������
���
��!�&


�X"��Y�GG'!0��7$����

�����
����-1$,.:?_`'

!�b:?�d#'!
�&/�0��EL

��`'Ke 1 a`�

0�
EL/�`cK��

(1) 9�fY[
�!_V2-�&�.:

?:���Ad��01AdÆ
�!?���

!:�.:?)��19��) Æ
�

��!?�7Æ+!.:?Æ�,ag���

!�&
()
��Y����������


���
�2��1$��(�
/*
��

h 1 ebiafcgbjccddjee�kfgfhh

Infrared (monthly)/Vol.37, No.6, Jun 2016 http://journal.sitp.ac.cn/hw



� 37 Æ�� 6 � � � 27

.:?
:�#g'�����

L ≥ vΔt (4)

A"� L �`.:?
i�.b� v �`��

��
���
�2��1$��(�
/*


�� Δt �`$>.:?Æ
��?���)

 �

(2) ^&���!?�
1@��-���

�!
�	:?Æ
�!?��@.h��#

lAd�.:?:�(���!2-?��-�

SK<.
.:?Æ
�!?���C&�Y

���WV�

�\��M(89 Kb �

Kb = Kopt · α(
1
v
) · β(tbin) (5)

A"� α � β �R�21$(�Dj9�.?

:) k�1@

���N��-\l:?

Ad �Q(^&iÆ:?Ad����
_`

��mn v((�j�) �moJ#lAd�(j

�0,khi�

(3) &�b:?'!0�0�7$BB�

��!�����!%b:?:�)�?��

�!b:?��?���) Æ@Y[$.*

5�-�9��
()
�:YÆ+!b:?

Æ�0.:?_V'!(�9o[(
�	:?

�!?�
�_`��mn v !%lK0n�

R9$(��) ΔtÆ��?��Y[
1$

*5 vΔt o(j:�b:?"1>��?�$

�
�	
�"pJ��)�9����m)

�BB���

(4) 9
�_`��mn!%lK0n(


�!2-�&�b:?:��M(89��d�

o[-1@
���!?��mk+!%lK0

n�jpk+o[-
�!?�
�V
��"

���
�
��-l�?���WV�V(

��^X �k+lK0n7B�1.:?:�

("�
4$>��mn v �lK0naB�


(�
�mqY[)#�.:?�Lb:?:

�)7B�1q(`k�a�0k+lK0n

(��
�V��
�,@Y[rÆ)#�

GG'!0��&�
����
���


��&/���ObL�1:?'!0��

r0����1$BB���
�����6

W�-
0�
�.:?_`'!("���

����WV�
��mn�Q(B���m

n!%lK0n��9�&2�)�BB���


2-�&�oOB�:?'!0�!%��

�&
���<(0�k+lK0nm��V


��oO"���
�
��-l�N8�Y

�(jn�0�
���.:?_V:�'J

-)
�!�2<(Z�ns����
��

��'"#/�
�&��

2 ugvwxSijklSTmno

hiSiyjkz{

2.1 loGXm
pno	p

����
���
�D>�	:?


'�SK	
��4��36�4�s4.

�
Yo�\D>:?$�
��
�]��

Nsn(i) �$�
'�SK� Psn(k, i) �Z#:?

Æ*!��
�)�q(

Nsn(i) = Ns(i) + Nn(i) (6)

A"� i �:?r�� k �:?Æ-�
��>

��

Ns(i) �:?Æ
��
�]� [6] �

Ns =
ρ · ηt · ηr · r2 · Et · Ar · At

π · α2 · R4
· ηq

Eλ
(7)

A"� ρ ���tCK� ηt ��C
�)K�

ηr �=E
�)K� τ �.tu�K� Et �


��C���Ar �=Ep,�At �" ��_

Fq���ηq �'�)K�α �
��!r�R

�
�_F���
�	�Eλ �A�����

Nn(i) �:?Æ
WV��36]� [13] �

Nn =
ρ · E · Δλ · θ2

fov · Ar · ηr · ηq

4hν
+ ndark (8)

A"� Eλ = hν = 3.736 × 10−19J ��A���

��E �uCs��Δλ �tv'!v
v^�

ndark �'�D6w
w���:?ÆU(rÆ

��?� (k=0) )�['��
SK� [14]

Psn(k = 0, i) = exp[−Nsn(i)] (9)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.6, Jun 2016



28 � � 2016 � 6 �

h 2 sxcgutxyfhh

@N�A>�	:?

�'�SK�

Psn(i) = 1 − exp[−Nsn(i)] (10)

hi�z) )� [15] �
�
'�SK���

c�

Psn(i) = exp(−kdNn){1 − exp[−Nsn(i)]} (11)

A"� kd �'�Dz) v�
�	:?�

������
���
�
�3'�SK(

w�
�=Ey'��
�!+�2�Cy�

C
;C+�>8�

P =
Nr

Nt
× 100% (12)

A"� P �����
���
�
�3'�

SK� Nr �=Ey'��
�!+�� Nt �

�Cy�C
�!+��

2.2 H\qrpstuloGXm
pqv

Y�<c�2� "����
���


��!
�"��
��36
�
�X"2

�L�2zA�7$�����
����W

V��u1����
����X�*� Mat-

lab[�1{����XOP
�f�!��


��EL��`'Ke 2 a`�

���X"�vM��? Lw�xx=

w���
���A�V(���'��X"�

vM����
���
��C(@!�$+

�C;=E�!) S<	!
�!?��!

{>) 2<�!?��(-�`�-�!�`

� 0 �(�!�`� 1 ��!��	()���

!�O��	36�

!�f�!_V2-�&[�)�z) 

M(� 40 ns�D>) :?� 100 ps�'�" 

Æ

��4�]�M� 7×109 counts/s �hi

WV��36
�$s
�y'�^X�'�

" Æ
36�4�]�M� 7×103 counts/s �

?A (9) �z��f�!2-�&"
�2
�

'�SK� 50.3% �

q�
kV����
���
�
�!

�V2-�&Ke 3 �e 4 a`�

e 3 �e 4 "�yS�`
��C+��{

S�`$�
�	9��f
����
��

�
�

��C�B� 1 KHz ����R�

50 m/s � 100 m/s 
(�? Lw���

o����
���
�
�f�V2-

�&��z��#�!
�
"�0�(��

{2�

(1) 
�"��!���!
�-�
�	

:?/�
�'�SK$��?����	
�

E($(
|j��1@����
�-�/�

!�&E($(
1@��

h 3 xy 50 m/s ebiafg|||}je

Infrared (monthly)/Vol.37, No.6, Jun 2016 http://journal.sitp.ac.cn/hw



� 37 Æ�� 6 � � � 29

h 4 xy 100 m/s ebiafg|||}je

(2) 36"���}�36
�
���X

�Y>" �#�X"��Cs36
�
�

2�X� �

��� �f�!�&�z�[�
�f

�!�&"���!�36�!E(,4
�

XSK�!��
�-�
*&<��!
�E

($(
1@��#��"�{�;W$��

��
���
��!
�
�2� �

3 ugvwxSijklSTmno
hikprVUq|Æwx}

3.1 _Jyz{~

�1*R0�$���������
�

��
��!�&
/����W�
�a�

-
0�$[�
�f 50 m/s� 100 m/s���

��
�V�!2-�&!%/��<=��

9
��X
36
�'J�"�1��
�

�-l�

0�.:?'!Y�b:?'!/�(�

<="�
�!2-�&/�YoKe 5 �e

6 a`�

3.2 _JI^{~	p

o/�Yo��z-�0�.:?_`'

!Y�b:?��0�/�(��V2-�&

"
36[()'J�"�~�
��
�


��-l�!q�
�!2-�&"�
��C

h 5 50 m/s ebiaf|}jee�}~

h 6 100 m/s ebiaf|}jee�}~

+�� 250 �'�� 114 +���!;C�?A

(10)�z�*�#0�/�
��������

�
���
�
�3'�SK� 45.6%�2�

2'�SK9=w�����$������

���
����!2-�&"��
�
(

)���

4 Æ~�

7$�����
����
���+

,��-1$,*�:?'!
}!
�&/

�0��
�#0���()'J�f�!�V

2-�&"*!
.�
�36
�����

�-�!�&"
()
��"���
��

-l��$`:.�29�"!*�#0�


n����L0�!,4���AWV�
$

��6/����� ~|}~ 46 ��

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.37, No.6, Jun 2016


