W36 % 5 b= = O Vol. 36. No. 5
2016 4£ 5 H ACTA OPTICA SINICA May, 2016

72 1] )5 ZER A TIOR8 O8 T~V B
M e 3+ i 2

5 AN ANE E W OIRE 404"

VG 22 BT R 24 U 50K 25 (XA TR 2 e . B P PE & 710048

HE HOLT RIS PSS BOR, 2 5 fO6 R G A Bl HERR B G, 1 AU IX I TR] SR 48 IE B AR Y 2
BT, MHEET — RO 5 35 00 7 B8O B4R 1Y 25 8] 0 22 0% T BBTRL, T 3T 40 o 1T BEUE 19 1A B 4 A
. T AT a5 Al B OGO T EOR GEFE X [R] 38 A& IO T T SRR v a2 AU M AR 0 RE . 3
RER RV WOCEHE R IE G F 5 ARSI 510 . THE S E S5 A6 AR E X B A8 1E )5 196 F 180800 1 in
A A7 R TT A5 B B 0 00 L W A R/ M B O 25 5 S8 0 i S AR L A R R B BT X ) DUAS I B HE ME AR B 4
45 5 3 BB S R Ak b IR AT PA 23 A1 . ST 25 R 2 B A R B R O B I8 R S8 T R A Y Licel 0408 30 57X
TR40-160 Y& T+ EUR e M 5E X 18] 2 24 3,402 ns, 18 1F J5 1Y 30OG 5 I8 $H8 e AR 2152 15 2 0 1 ol .

EEIA B WMORE R BT IR FEIXETIR] BRSOy 2

FES2%ES TH741 XEARIRED A

doi: 10.3788/A0S201636.0528002

Application of Spatial Variance Construction in Correction of Pile-Up
Effects of Lidar Photon-Counting Data
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Abstract Due to the strong intensity of lidar return signal in the near field, the photon-counting system in lidar
applications suffers from the pile-up effect, which can be corrected by the parameter of dead time. A mathematical
model is constructed to calculate the spatial variance, which is used to evaluate the quality of Poisson distribution of
lidar data. Furthermore, the analysis results of the spatial variance are utilized to estimate the dead time of the lidar
photon-counting system and to correct the pile-up effect. The calculation results indicate that the photon-counting
data in the far field of lidar conforms to the Poisson distribution, but the data in the near field does not. However, the
Poisson distribution characteristic of the photon-counting data can be improved notably by the dead time correction.
Therefore, the system dead time can be estimated by minimizing the deviation between the variance and the mean of
lidar data. One can correct the pile-up effect of photon-counting data and make the data profile conform to the Poisson
distribution at the maximum degree. The results show that the dead time of the photon-counting system in Licel
transient recorder TR40-160 is approximately 3.402 ns, which is estimated by using the photon-counting data in the
application of long-range scanning lidar. The pile-up effect in the presented photon-counting data is improved
obviously.

Key words remote sensing; lidar; photon-counting system; dead time; pile-up effect; spatial variance

OCIS codes 280.3640; 010.0280; 230.0250; 040.5250

KR BHT: 2015-11-18; WBIMEM AR EHA: 2015-12-20
EE&TH: ERAAREIES (11305023) 1 B4 5 54 (2014M560799) BT 44 BHE T X1 351 B (2014KJTXX-64)
EER A = KA981—), 5 1 Bl 2R, 2 SO 3k KR BRI 7 | B oE .

E-mail: gaofei@xaut.edu.cn

x BI5BX & Ao E-mail: dengxinhua@xaut.edu.cn

0528002-1



it ES S il

15 "

PO K LOG A U IR, LA 7 A R URL 4 O A ot Y 3 il BRI SR A TR, B
ANACRT SRR IR O L T BT HOE TR I H SO E 2 £ L ROURL ) i IR A DR T S ) BR PR R
TR AR BE X KR AR A B R A S L A i s R R

DG LA HE A (PMT) 2 A UG TR 35 2 G2 h BB o )32 G s ARG D 28 R0 e O 3 7 8 b O &
SF B E bk i bk SEAR A — BEAE 10 ns 2% T DI At 27 48 28 8 1) DIy BB DR/ 1l 382 ' ik e A6, 52 Ml 5% 48 0 HL 11
TP E AL TR AR S K TE iy A IRl AR S 5 ' r ARG N e S ] 7 AR B R RE T L Ol
LR A O ARG 8 DB AR RS, et B, HEHGE & I0)2 KRS 5 B9 WOL Bk @ R -
2T IHEPO) TARRE, RS & 3 A I I 2 K2 LR 15 5 10T B 3k 18 a1

PO R I8 A B S TR AOIRESE B AR AL . BOLER IK 5 BRI OG8N R S B SR S B R Y
oI5 B EET T S T AR B B B A R AORAS (B OB T I B O B R R R G R IE R DT
B TR 1B (A A B8 DK ) A R AR BT R R SR AR B /' T BORUE R AT 8
TE DA SR iy b S R RO AS (5 B BRSO B 50 B OB 7 38 R IR Y O T RO
38 I AT R A o T D' LA 00 5 B R B R 8 1) H 7 MR B 23 RS IR TAL A G0 A I 58N R A A A
LA TE O B A B0 v 8 AR A A3 A R 43 2 DA i O TR I RO

AR SRR RO R 1206 T T ECEE B AR BB IR A T — M EOL E RO T B B i s
6] 77 22 B2 BB A 6 T T RO BT AR o A B IR R TR A A RAG RO R RO TR &
LK T 3 26 T 8 TE DG 1 T 20800 rh 8 32 e SR B 42 0 ol - LR s 06 3 38 1 BOe A L

6T B R G 3 B YA R AR AL B, B G T R G AN 1 TR . O A A I B
ik o 2 % ) S i e R A ek A R 1 P R 0 T S A e A R e T M Ak e R T
T T A PR 7 A — R BT AR R 8 B — i 19 F - IOk o O % B ST R b DT S X S K e A 5 1
A EIT S SRS N ) S e i G SR | SRS Tt R & T B =R E A (O o B R R R 1 i il N 7 4
% ] AR AT B Al AT o 4G 0 T v A O S 1 B R

PMT PMT output

discriminator |discriminator level

M\[\R/ -
output to counters
B 1 OGRS AR R B A
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Fig. 2 DTC effect on PC data. (a) Theoretical calculation of DTC effect for a single laser pulse return wave counting;

(b) stack calibration data with dead time setting of 2 ns and 5 ns and raw PC data of typical summation of 20 laser pulses
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Fig. 3 Schematic of spatial variance calculation on trace of lidar data
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Fig. 4 Calculation results of spatial variance on trace of lidar PC data (the green line denotes
the condition when the mean equals to the variance). (a) Raw PC data, the red line is the

fit line of spatial variance distribution; (b) PC data after DTC (2 ns and 5 ns)
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(a) Profile of lidar data; (b) calculation results of data variance
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(a) Raw lidar data; (b) calculation results of spatial variance
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