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Two-Dimensional Fast Beam Scanning Lidar System
Based on FPGA Control

Qiu Gaofeng”, Wu Kan"™ , Cao Xianyi, Cai Minglu, Chen Jianping
State Key Laboratory of Advanced Optical Communication Systems and Networks, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract This paper proposed a lens assisted two-dimensional beam scanning and ranging device based on the
control of field programmable gate array (FPGA). A lidar system with 16 scanning angles, 19.5 m ranging
distance, and 2 cm ranging error was achieved through the Mach-Zehnder interferometer (MZI) optical switches
with a binary tree structure, FPGA control, and pulse width modulation (PWM). Our work shows the potential of
efficient FPGA control in the lens assisted beam scanning technology. The control scheme selected in this paper only
needs log N channels of PWM waveforms for N optical transmitting ports (N beam scanning angles). Compared
with the typical optical phased array (OPA) technology that needs N channels of digital-to-analog converter (DAC)
for N optical transmitting ports (the control complexity is O (N )), this scheme greatly reduces the control
complexity (O(log N)) and system cost. Therefore, it is expected to pave the way towards the application of lidar
systems based on integrated beam scanning technology.

Key words lidar; field programmable gate array; lens; optical switch; two-dimensional scanning

OCIS codes 010.3640; 040.1240; 050.5080

12 = e RO ' R AT e 18] 9 5 R O RCR I B9 A% O
AR o H TR LAY GRS 1) 05 58 AT ALK

i&iﬁﬂ% JCHRI 5 0B R AL s BT R O R R D T AR OB AR
B s AR S S SR T R, B OPATTT R HOR L LA R A

Wi EE . 2020-11-25; 1@ B EY: 2020-12-17; A BHE: 2021-01-06
HEETR: X HRPI#IE4S (61922056, 61875122, 61535006)

" E-mail: qgfbiewangle@sjtu. edu. cn; " E-mail: kanwu@sjtu. edu. cn

1101001-1



HRiIEX

%41 % %11 8/2021 £ 6 B/FER

BIHLA SR 3l Fie 5 7 15 56 B 309 0 5% , it DL AL
A B — R VAR K, A R S R B
A ), O HL p T AT R 2 MUK B B R e
LS B EORS 0 R . A OO R R
TGO I, 75w % E A TR I 506
(R FR ELAVE 3 3 7 P A Cln s B B ) wh e R
FRE TR U L R B A AT S SR AR Ak, DT I A o7 25
T A . RGO E A A G B A v, e AR AT A
T 58 B8O BR i e o 2k ol A 6 7R U 1) e B AR
SE BT I H i 7 1 45 . R O 2 A E AL AR
T B RBUIS DS OR #  (EUR AT S ROR AR
% £ B /0N o A5 A s o b R = ROV LV A A B
B AR H A RN F L A I VR A F B R
XU Gt 2007 o ol A5 38 2o il A 1 ' B A 5 A0 e
BCIE Fb B AR A ZE R pR T b R v i TR B o 2
H R, AR A 2 e e v O A e R T A R
ML — R R AR R R b AR B A B AR RE G R i
1122 6 2 3 » 38 2o 4 i 9 B S 19 A 2 ok S B SR
i 5 A3 Py 52 7 B[] IS 9 o B — OB AR A7
H TR 2 R FH— A BB 5G 3 25 (DAC) 28 i — 4%, o)
FERN 1 2 4 FE AR AR 8 . #F 20182019 4F , AR A
YR B b AN PR A S B T TS B e R
EEEY I S & Uy i 102Dl R B R A
R JEL B L R AT T S RE RN ol & 6 L Ik LA AR
U S AT . AR ER AL R X RO B B IR IE
TARBEEETFREERL KRG D XA
P WA IR Al BB AR HE— 2D Ak s ),

e R TAER SEaE I, A SCH 56T FPGA
5 B8 B B O SR e B O Rk R R
g5, R XRHZ5 K9 MZIOGTF 6, 454 FPGA 1
P 7 LR 1 Ik o S8 R 4 1R (PW VD 5 #OE R0 L s 22
FH 35 B8 & S 52 OE ARl . PWM $7 R 4 3 H il £5
FL P 2R 8 AN T 2L 1R AR 1) BSOS A 4 28 A T LU AR A5
JE 1) 3 22 R T, TR T A R G A KR L 1 4
£ 155 5 5 B G AR 0 R AR b RIS T R
il 2 B . W5 O BT O AR R oL
HIERGRMT %,

2 JRHE5RF &I

2.1 RFERE

ACHIF AR H 9 T 02 5 A B G TR A Y [
SHWOLEHEB ARG, TAETE 1550 nm B, R AT
i 1] CTOF) 3, FLSCR S 3 ) Bl B AR 5 11 2
WA A B LSRR R #% . 1 TOF #2X0] DL B HAG

MR EES . A RGEA 16 A, W &R
19.5 m,MFEIR2EH 2 em,
JERER RN 1 TR . RS G2 R A B

I SBEFERRTE I E S, B AR D ERE
CRS 3 FD RO, AR 28k 7 56 e BT 5 1),
TG 283 375 558 2 007 o AN [ S o 1 & Hh ) 2 AR
HAPAT . B G GE i 3 S 7R R T B AR AE T
— &S, IR R TE B AR VI b A e
T i G RO 28 A B e TR S OGN R A A
B H Z ARG S SN — A RO IR, i A
(] P9 A it o 1 146 g RT DA S OB IR AR 1) AN W] Y5
YRy 1, HR G L R KOG TR 6]y 0 AT FoR Rt

0 :2arctan<2£f> , (L
Horp L BRI, £ 2B N AR, b
HR B ] R R

w

A0 :arctan<?) , (2)
Hrpw 2k B RS EOCR KN, J54h, Ol M
JE R P il 4 07 AT AT LR

9 :arctan<?) , (3)

Ho,p BPIAMARKGH A Z B ey, LB 34
O ERWL A BT A S 9 B A B 24
A LABRAFAS [ 6 Rk BAR L G A 1) RO SR A

P A
emitter  focal plane lens focal plane
B — . i e
pI i i
B <
l : ' )9
| TN
_<:*w ”””
R S

B1 33 B G o 4 0 i 3 A

Fig. 1 Principle of lens assisted beam scanning
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Comparison of optical and electrical complexity between OPA and our system

(lens assisted beam scanning)
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Electric analog
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Scheme working at the same time control mode control channels complexity
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