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Abstract: In order to realize scannerless three dimensional (3D) laser imaging and analyze system parameters
impact on ranging precision, a 3D imaging receiver with 8 X 8 elements is implemented. The receiver utilizes
linear mode APD array. Analog signal amplification and threshold processing is applied to convert the optical
signal to digital pulse. Then a 64 channel time to digital convertor array is implemented in FPGA , and 3D la-
ser imaging receiver is invented which can acquire 3D information of target in real-time. First the principle of
3D imaging and construction of the receiver is introduced, including procedure and implementation of the array
signal processing. Then electrical test and 3D imaging experiment are carried out for FPGA timing unit and re-
ceiver respectively, which indicate a timing resolution of 140 ps and range resolution of 0. 2 m. At last, range
resolution error is analyzed and we come to the conclusion that laser pulse energy fluctuation is the main error
source.
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Fig.1 Structure of 3D imaging system
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Fig.4 Photograph of the electrical testing setup
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Tab.1 Testing results of accuracy and resolution
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Fig.6 Results of imaging experiment
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Fig.7 Range error caused by laser pulse amplitude
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Fig.8 Measurement of laser energy variation

10 ns, BEFRASE P me KIS 470 40% , H X 5 A
290 13% (38) , RIS R B[R] 1R 25 24 410 ns x
0.13 =1.3 ns, ARG & 0.2 m R iRz
G 3,

SR T2 ok v 5 BE A SO A8 2 — B Ry 1R (e
SyA TR B = R S A R Tk TR B K s B Y
REAR AT LA INBO G & S 34 D18 X R IR R e )
FERA —E L

SENW:

4 % @

AR 8 x 8 By APD FEHIARM , B T —
ERFHHOE = 4SRN g . BRI R H FPGA
VB RGBS FRIT, SEBE T X 64 B (5
S RS BE VT AR B 8 ek 2 T S 6 R
Hi— FPGA [ITBIEEE LT 140 ps, WOE =40
QAR 25 A WOE AL B B FPGA 1
B L B S R 2 R ARy HER3K 0.2 m &2
i, SRR AL R 5 2 A e
(BRI S 7 BERE J1 . M T FPGA BT g R4 1,
AR =L HA — 8 ] TR R
B BER A BB — 082 T BB HER N b 2
B0 QUL AR TE ) DN G
PR BB G T — 0 SOl O IR R 50 0 &
LBy & i1l QUL &) vvcr Sii i w EVATIL R+ WA il N oM 58 0
R, 4 38 B B K A BRI 25 | T BNt &
GEA TR AU, 430 FL I R I in DA Bl

(1] Awek, &% fuE & HO6 3D MR RS BRI IRMERIPI IR )], #5051 ,2013,9:986-989.
TANG X Y,GAO K,NI G Q. Development of active/passive detection technology in 3D imaging lidar system[ J]. Laser &

Infrared ,2013,9 :986-989. (in Chinese)

[2] 32, 7 84h, G40 F . BOCH B i =485 1], A F 4% £42,2012,22(4) :843-850.

GUO Y L, WAN J W,LU M, et al.. Three dimensional orientation estimation for ladar target[ J].

2012,22(4) .:843-850. (in Chinese)

Opt. Precision Eng. ,

(3] R, 3RAE, B, 5. BT =40 AR SRR AR TR BEPCEAG I R SE[ )], k5 # % T42,2014,

22(6) :1524-1530.

ZHOU S,GUO Y C,GAO CH, et al.. Rapid length measuring system for mobile and large scale cylinder workpieces based
on 3D laser scanning[ J]. Opt. Precision Eng. ,2014,22(6) :1524-1530. (in Chinese)

(4] XA, &R, RAK, F. RRIRBRA =AM EMDHE)]. b5 % T42,2014,22(5) :1165-1170.
SHI J L,QIAN Q,PANG L B, et al.. Three-dimensional measuremnt and registration for large scale plates[J]. Opt. Pre-

cision Eng. ,2014,22(5) :1165-1170. (in Chinese)

[5] BARENZ J,BAUMANN R,THOLL H D. Eyesafe imaging LADAR/infrared seeker technologies[ C].

Proc. SPIE 5791,

Laser Radar Technology and Applications X, Orlando, Florida, USA , August 05,2005 :51.
(6] ZE4t HOCOAEWIIESSTIRG[T]. + B XS 2013,4.536-543.

WANG R. Compound guided system with active laser imaging and passive infrared imaging[ J].

536-543. (iin Chinese)

Chinese Optics ,2013 ,4 .

(7]

(8]

ANTHONY W Y,MICHAEL A K,DAVID J H,et al.. Development effort of the airborne lidar simulator for the lidar sur-
face topography ( LIST) mission[ C]. Proc. SPIE 8182, Lidar Technologies, Techniques,and Measurements for Atmospher-
ic Remote Sensing VII, Prague, Czech Republic, September 30,2011 :818207.

MICHAEL J,GEORGE C,JOHN E,et al.. Advances in ladar components and subsystems at Raytheon[ C]. Proc. SPIE.



53 T K, 558 x8APD MEBIBEOL — 4 AR LT 427

8353, Infrared Technology and Applications XXXVIII, Baltimore , Maryland , USA ,May 1,2012:83532F.
[9] EUGEN B,PETER Z,MICHAEL T. A multichannel high-resolution( <5 ps RMS between two channels) time-to-digital
converter( TDC) implemented in a field programmable gate array ( FPGA) [ C]. 2011 IEEE Nuclear Science Symposium

and Medical Imaging Conference ,NSS/MIC 2011, IEEE Nuclear Science Symposium Conference Record, Valencia, Spain ,

23 Oct - 29 Oct,2012:876-879.

[10] K3, & &%, XA, F /NAFMEFERAMBOCRE RGBS T]. +F Bk ,2013,40(8) :0814001-1-12.
ZHANG Y,CAO X B,WU L,et al.. Experimental research on small scale risley prism scanning imaging laser radar sys-

tem[ J]. Chinese J Lasers,2013,40(8) :0814001-1-12. (in Chinese)

[11] JINY W,SHI Z H. The 10-ps wave union TDC; Improving FPGA TDC resolution beyond its cell delay[ C]. Nuclear

Science Symposium Conference Record, Dresden, Germany,19-25,0ct. 2008.

EEEIT:

T OK(1981—), B, Wb AR,
+, BYIRBESE 51,2010 4E TR R B Tl
REEFAFIE A2, 2 2 0 B R
530 = 4 AR AR D7 T AT, E-

mail : felixw@ 163. com

W fi(1985—) 5 BIRIT g A 1
+,2009 45 F RHBHE K¢ kA3 25 2
7,2014 FF rf ERE B B OGRS %
MUK WA 5% i 3R 1l 207, 32 22 A
FHOGHR BN | B Ty A5, E-
mail ; twei222@ 163. com

T (1977—) BB, LR SCE A, WF5E
By R A S0, 1999 4E 2002 4E T35 Hk
KEEG ARG 2 4 A4 5400, 2005 4F
FriER R F A I S Y
IR FE AT AR 2, ETMNFO R
LN 152 5 AF 1) R0 35 ' g FH B R 1T 1Y
5T E-mail : wangtf@ sina. com

HoFh(1964—) J) EMKAR N, B
AN R R e S VN G S VR
T OS5 Y O EAE L GEOG
JBOREE TS W AFSY , E-mail : guojin@

ciomp. ac. cn



