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A Fast and High-Precision Pulse Laser Ranging Method
Based on Cursor Principle

Huang Minshuang”, Guan Zaihui
Opto-Mechatronic Equipment Technology Beijing Area Major Laboratory,
Beijing Institute of Petrochemical Technology, Beijing 102617, China

Abstract This study proposes a fast and high-precision distance measurement method suitable for moving targets.
By combining the sinusoidal reference time interval measurement method with the vernier clock controlled pulse
emission technology, this method could achieve high-precision ranging for moving targets. The time-of-flight of a
laser pulse from a range finder to a target is used as the initial value of the estimated distance; this value is measured
using a sinusoidal signal as a reference. Using the vernier clock controlled pulse emission technology, the high-
resolution measurement can be obtained by selecting a linear segment at zero point of the sinusoidal signal as the
timing feature point. The high-accuracy ranging can be realized by averaging multi-pulse measurements based on the
vernier moment corresponding to the timing feature point as the time of the fixed-point pulse emission. The
experimental results show that for an average laser power of 1 mW, the range accuracy is &= (3 mm-+2X10"° X
D), where D is the measured distance. Moreover, the measurement time is shortened to 5 ms within 300-m
ranging without a cooperation target. The proposed system has a simple structure, is inexpensive, and can be easily
implemented.

Key words measurement; remote sensing; pulse laser ranging; pulse flight time; sinusoidal reference; cursor
principle
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Fig. 1 Pulsed laser ranging principle based on vernier measurement
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Fig. 2 Time jitter due to sinusoidal amplitude noise
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Fig. 3 Block diagram of pulsed laser ranging system

Ui s b 15 T BT 4R Bk e O T BE R 48 OR
St BT B TR U0 2t 5 R N 0 B B 0 R 3 T
5 B o e R 22 AR /0N A T R S DX A B
RAGT WAL ZEAE R bR Z0 5 . R 1 S5 BK o A
R 256 R B e o3 R B R B A7 VT g A AT R A
P (FPGA) i % FH 2 57 4% 2E Bof 52 A Sk 3R A5 i A B
B, LA TR S X I 5% R ME A HEAT N o, F5 90
I T A 43 R B R 3R A5 AN gou, A WE BT 20 BE L 9K IS T
0 —ZI B 38 i FPGA Wi & FH 3 4 2k 4E 1) 20

I3 N ety T+ — A 1E 5% F 1 J8) 1A 0] 43 1) 220 B H0Ch
N =4N i * N delay (8)
N s FUBUE 32 3] FPGA 5 TAE S A4 B
TN ey B FE IR 10 DL P AR DA 0F 07 % KK
FEARR MR ZE L AEAR LI I N =100, Al 715 A
ZIPEHERT 29 0.67 ns, ] 40 3% E Altera /A Al FPGA
77 i B R 67 4 ZE AR 0.1 ns A2 A7 38 5 A Ak BT 3 &
Ge ny it T LA A AR 20 B A0 4 SE0K .l e AR
B TR S 3 U0 A 0 £, DA T S B K o R R T AR

0510001-4



H

i b

R b 246 e ) B T 3 R AR 3 R ] T B AR
B T 30 198 S — 4%

TENK M BOC I BE G B b s T S H O — &
T B K b A H B A% B B A7 3 00 I R AR R
M) 5 SR S T T AR R A R 22 I R

FE Tk h 60 BE AR T 5 R SC B R 1 S
Ban 1 i,

1 OKBBUSH

Table 1 Parameters for key components

Class Parameter Value
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Maximum repetition rate f,,/kHz 100
Capacitance C,/pF 2
Resolution /bit 12
Sampling frequency
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observed with oscilloscope
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reconstructed by one vernier process
&l 6 fT 75 S X 50 Y b D 2 ik i R 34 S
T B IE SR WEOE , S8 5 R B 45 1A L, AR
W LA ) W R . 6 P AR B EUME n g =6
An=0.231, e HARHIES 9 39.4231 m, DURK #hE £
S SR T3 B[R] — H AR AT I, S5 R S5 AR 7
A S5
1000
800
600
400+
200
O,
-200
-400
—-600+

-800+
—-1000

- experimental data
——fitting curve of 5000 points

Q Ng.=6

An=0.231

Intensity /arb. units

0 10 20 30 46 50 60 70 80 90 100
Number of sampling points
6 50 Wb i FE 5 A 09 0 5% B E AR 5 OB
Fig. 6 Sinusoidal reference signal waveform

reconstructed by fifty vernier processes
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