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Abstract: Aiming at the real-time detection and weak echo signal characteristics of push—broom airborne laser
detection and ranging ( LADAR) system, one algorithm for echo time abstracting is researched based on Gauss
normal echo signal. The algorithm is fast, precise and easy to design in hardware, which achieves high precision
distance detection as a result. The existing problems and accuracy of the traditional waveform centroid algorithm are
analyzed. In order to reduce the influence of the data precision and noise interference on the hardware, a corrected
approach based on the median method is proposed, which can effectively weaken the layered phenomenon in
hardware implementation of algorithm. A mathematical model is established by MATLAB and the simulation
experiment is carried out. The simulation results show that the corrected centroid algorithm has better robustness
compared with the traditional centroid algorithm and Gaussian fitting algorithm. The accuracy can reach 0.5 ns,
which is 45% higher than that of the traditional centroid when the SNR is 5 dB. The proposed algorithm can achieve
higher accuracy than Gaussian’ s with the SNR becoming greater, which reaches 0.01 ns theoretically. The
corrected algorithm is simple and efficient. In addition, real-time judgments and correction on the results of the
centroid are made without increasing the complexity of the system. Owing to the simplicity of the algorithm, it is
suitable for transplanting to FPGA platform. The algorithm has been utilized for push-broom airborne LADAR system
information processing circuit. The results of experiment verify the validity of the theoretical analyses and show that
the algorithm can achieve the ranging accuracy of 7.5 c¢m, which meets the real-time requirements in practical
application.

Keywords: airborne laser detection and ranging ( LADAR); timing abstracting; waveform centroid algorithm;
median method ; Field-Programmable Gate Array (FPGA)
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Fig.1  Comparison of maximum error of traditional centroid
algorithm, corrected centroid algorithm and Gaussian
fitting algorithm

R1 HEBESIT

Tab.1  Algorithmic precision statistics ns
Gtk m B BIEBOEE ek
¥)ME 0.016 4 -0.000 5 -0.000 3
PR 0.199 9 0.018 7 0.060 5
10
5
X
2 5
E
0 o o |

-1.0  -0.5 0 0.5 1.0
1R 2% s
(a) G LA

W/x10°
W

0
-1.0 -05 0 0.5 1.0

W15 2 /s

(b) BT L5k
10
-
X
85
X

N Y

-1.0 -05 0 0.5 1.0
M1 2 /s
(¢) BETHLARE
B2 REZFITEAE
Fig.2 The error statistics histogram of algorithms
Z5EE 1 2 40T, ATARENE N s T A SR
RZEMRMIES A, TR DRE NS R BHTEILE,




55

FESCHE, 2 MLEREOL H A IO O 38 I SAE 56 1k - 119 -

TEAR M LRI A R 22 80 2 o A TE AN 2L X BN,
BRI 2SR E L. [FWRLE N 5 dB I, 1%
G ORIRRZE Z RO TEBRE T8 0.1 ns LAWY,
DRI ATE£0.4 ns VLM +0.8 ns A, B IEE LR
BARZEUA DB A TE£0.4 ns 2247, ORI SCRT i
B TETE O B30 I bR v 22K T BTl 5 Bk i AR it
SR

PE— 2B AT AL LI O B B IR 22 00 A, 1 53X
oy E G e m AL IS B, [ 3 2 EFEMR I
5 dB B, R T 5 A Al 3 IR T ER A R 1 9 1% B2 T8
OIFEIRZEG AL

10

Figx10°
(9]

N

-10 =05 0 05 1.0
MR 22 /s
B3 TELLEXMEEESEOCEXRESIT

Fig.3  Error statistical histogram oftraditional centroid algorithm

for non—qualified processing

LSRN &2 €1 ST A GBE R L TN
BPATER  FEGETH I ER BB E S,
(R R B T, (e L Ry S dB B, R iR 22
0.5 ns. DX T A7 B08 R, = URD (E A X T IR
UARRICHR RS T 0 O st | %o IO A 3R 22 th )
EXFF ADC #8123, B R R 5 4 HeR ok 3
B R, A% G2 T8 0 BT 1 O3 R B R A T v
ADC ER A B 2R G b JE 1k B, A SCHR R 9
HE G TE A TR 0 B T A 0 55 4 JR B4, 4
SR R B TERE (R AT — o S
3 BRI

PR 0T 7 6 M5 5 KB4 DG5072 1
S TR RS H S ns K OEHY HLAF 5ol
PUEOLAE S FUTE 4 BRI, -1 150 R e 5
bR, BIE B T 0 B A

4 LR
Fig.4 Test board

FFH IR 5 XA SO bk b 55 204 Tk
5ab B, WK 40 BERUE S & 8RR e Ay
ADCO8D1020 SR AE, SRAEF Ny 2G SPS, Hi i %18 LA
500 MHz ()3 B 1 FPGA fifiliEik, IF S 7B E B
DA AT HR A A H

sk Z 4B BT OB A R 15 2 0
HIRZEILA S,

300

250

200
%

= 1507

100

50
A | -
-10 -5 0 5 10
MEE R /em
5 EIERDLEEIRE
Fig.5 Ranging error of corrected centroid
WELE 5 600 YN EER iR R 2E D
JEBLG 505 B R — B0 Sk 107 R 5 B
HazEH iR ZEE KA 0.5 ns, KL 7.5 em, BUF T &
BT DL R BEF BT IE AT

4 % b

AR SCHRE 0 3 T A B0 TR OB IE ik, A
TR AR TR O B RIS P A 50, iR PR IR O 5
HRE B KNG ZR O T O A IR S8 1E , v 3L
ok 553 REE 1 S BB ) T 00 43 SR B GRSV RS
D5 A5 R ST O BORE 1E 5 R O R
JER R UM R RE A (RGN 5 dB B 0 B
AfIEE] 0.5 ns, LA OB ER GG T
45% A7 MR LU von s R B v T e SO 4RL 5 B, AT S
0.01 ns HUGHKGEE. thFET 508 IE IR O
s ERI 5 T T FPGA MBI, 76 R
BN R G0 E 2R (TR T A SO T IEOGI R Y
. IR, B IETE DA AT SE B +£7.5 em
(R0 BRE A T B I BT 39 0 SIS I 4R R 4
FARBLERBOE T 1K R G I mHEM 75K . R A (B
FOMG I T B HOGME 5 o — 25 SIS Hh Bk 1 aE
P R R fd k.

%% Xk

[1] MALLET C, BRETAR F. Full-waveform topographic lidar; state-of-
the-art [ J]. ISPRS Journal of Photogrammetry and Remote Sensing,
2009, 64(1): 1-16.DOI;10.1016/].isprsjprs.2008.09.007.

(2] £8, &b, KoV, I A BRI s m)]. wm
IR TP R4, 2009, 41(07) » 215-218.

WANG Zhi, JIN Guang, ZHANG Liping. Realization of location




- 120 -

iR

BN AN O

5 50 %

(3

s

—
N
[

—
W
[

computation of long-distance object [ J]. Journal of Harbin Institute
of Technology, 2009, 41(07) :215-218.

NISSINEN J, NISSINEN I, KOSTAMOVAARA ]. Integrated receiv-
er including both receiver channel and TDC for a pulsed time—of—
flight laser rangefinder with cm—level accuracy [ J]. IEEE Journal of
Solid—State Circuits, 2009, 44 (5) . 1486-1497.DOI. 10.1109/
JSSC.2009.2017006.

LW, SR, EHRH, S WOCTE RN FER KR FER
BEWRFT(T]. ThIEOk, 2011, 38(05) :234-240.DOI: 10.3788/
CJL201138.0514001.

JIANG Haijiao, LAI Jiancheng, WANG Chunyong, et al. Research
on ranging property of laser radar and its range accuracy [ J]. Chi-
nese Journal of Lasers, 2011, 38(05) :234-240.DOI; 10.3788/
CJL201138.0514001.

ZEnt, R, Rk, S R OE O AL B oS R E
W (1], fias 4%, 2014 (03): 16—19+47.DOI. 10.19297/j.
cnki.41-1228/1j.2014.03.005.

LI Jing, YANG Xiaoliang, LIANG Qian, et al. A range finder meth-
od for pulse laser fuze based on the center of echo waveform [ J].
Aero Weaponry, 2014 (03) : 16-19+47. DOI.10.19297/j.cnki.41
-1228/1j.2014.03.005.

WONG H, ANTONIOU A. Characterization and decomposition of
waveforms for larsen 500 airborne system [ J]. IEEE Transactions on
Geoscience and Remote Rensing, 1991, 29(6) . 912-921.DOI.
10.1109/36.101370.

B, sRE, SREEET, SF. OGN m A R T o AR SR D]
IHNSEOL TR, 2012, 41(03) ; 643-648.

ZHAO Xin, ZHANGYi, ZHANG Liming, et al. Algorithm of laser
altimeter reflecting waveform based on gaussian decomposition [ J].
Infrared and Laser Engineering, 2012, 41(03) ; 643-648.
FIERBC, 5 RER, BpiiAn. RO A5 L o [m) il e ot e ) 75
H[I]. B E#OL, 2016, 43 (06) : 181 - 190. DOI: 10. 3788/
CJL201643.0606003.

KE Xizheng, LEI Sichen, YANG Peisong. Beam coaxial alignment
detection in atmospheric laser communication [ J]. Chinese Journal
of Lasers, 2016, 43 (06) . 181-190. DOI. 10.3788/CJL201643.
0606003.

1t B, R el BRI RS BT S S
[J]. #oEHiAR, 2015,39(04) :533-536.DO1: 10.7510/jgjs. issn.
1001-3806.2015.04.023.

LI Yimang, SHENG Lei, CHEN Yunshan. Design and implement of

high-speed laser spot detection systems [ J]. Laser Technology,
2015, 39 (04 ) : 533 - 536. DOI: 10.7510/jgjs. issn. 1001 — 3806.
2015.04.023.

[10] R}, ZM8, BhER, 45 SO TR0 m R R A T

KERESP AT ()], O, 2016, 43(11): 235-240.DOL: 10.
3788/¢j1201643.1110001.
HUANG Ke, LI Song, MA Yue, et al. Research on detection proba-
bility model of single-photon laser altimetry and its range accuracy
[J]. Chinese Journal of Lasers, 2016, 43(11): 235-240. DOI;
10.3788/¢j1201643.1110001.

[11]ABDALLAH H, BAGHDADI N, BAILLY J S, et al. Wa-LiD; a
new LiDAR simulator for waters [ J]. IEEE Geoscience and Remote
Sensing Letters, 2012, 9(4): 744 -748.DOI. 10.1109/LGRS.
2011.2180506.

[12] ABDALLAH H, BAILLY J S, BAGHDADI N. et al. Potential of
space-borne LiDAR sensors for global bathymetry in coastal and in-
land waters [ J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2013, 6(1) . 202-216. DOI.
10.1109/JSTARS.2012.2209864.

[13]MUSS J D, AGUILAR-AMUCHASTEGUI N, MLADENOFF D J,
et al. Analysis of waveform lidar data using shape-based metrics
[J]. IEEE Geoscience and Remote Sensing Letters, 2013, 10(1) ;
106-110. DOI; 10.1109/LGRS.2012.2194472.

(14T P, SRR, Wh— % BT P A8 i He 2 Sk a5

A1 T]. 22447, 2016, 45(03) ; 297-301.DOI; 10.11947/j.
AGCS,2016.20150234.
TAO Yeqing, GAO Jingxiang, YAO Yifei. Solution for robust total
least squares estimation based on median method [ J]. Acta Geo-
daetica et Cartographica Sinica, 2016, 45(03): 297 -301.DOI.
10.11947/j.AGCS,2016.20150234.

[15] 258, JETHw s ST REEBAT ST - AP X8 v (7 B0R Ak
BONBI[D]. il SRR, 2013.

WU Jun. The study on teaching and learning of statistics concepts
based on the history of mathematics—a case of mean, median and
mode [ D]. East China Normal University, 2013.

[16]9h&E, MR, IREHR. /0 T0A S5 B A2 a0 0 PR 2R 5 i3
HEEAMT L] IR/RIE Tl K224, 2009, 41(07) : 21-25.
SUN Rui, LAN Shengchang, XU Guodong. Design of inter-satellite
ranging system in formation and its precision analysis [ J].Journal of

Harbin Institute of Technology, 2009, 41(07) ; 21-25.
(HE wH2)



