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I At 0% T 3K & ST L 3 R B M 3 an 1 4
TNe RES LT AL 01 Bl ALk 02 ZIE X
WOk RSy AVEOC R . BlEE L AR
&1 MR 21, IR 12 ML REL 22 Z R IX
B HR ) o

\ /
Boundary 21 \ / Boundary 22 /

\
\ \/
\ Boundary 01 Boundary 02/
\ // /
\ /N / /
\\Boundary “\ \\ Boundary 12 /

N f N
\)/ﬁ\/

4 FAREOLTE R RS RGO

Fig.4 Emission and receiving fields of view for coaxial LIDAR

SEBR L O DR 2 0 RSO 3 1 Y, B 4 o
] 2> X AL i Bk 11 Rt Bk 12 1 A,
PR H A N R 5 B, K R 11 B IE ik
BLEk 31, B4k 1248 IE N LR 32, dEE, HIE
B52K42 D2 KT R+ b x tank, Hor R ROGHRER, b N
TG = B, ke MO A, R 0GE B A R AR

20230027-3



ISk A2

% 10 47

www.irla.cn

% 52 %

o GBI PSE o — BRI My & K T 06 A L
1, ISR SN A 2 Wi R S 5
NI I ZE B, AT LRI SR 2E 21 i i 4G 41,
B LR 22 T i B4R 42, T AL iR % 58 & o
R 6 Fron . m T OGR AR, RA RN
FHENCI 52 B i, Fo I F b BB B9 1030 455 A4 RE#
B BRI, FEESHOE T A b AL B A R
NS5 R 28 B (0 X

\\ A \ t //
\ \! Boundary 41\ | Boundary 42/
\ \~ 1 N V.
A i /7
\ Boundary 01 Boundary 07,
Boundary 21 A\ Boundary 22

\ Roundary 31\ 7 | \/Boundary 32 /
N\ < //
/

n 1 L
D

K5 B RO R R g n B R

Fig.5 Schematic diagram of overlapping field of view for coaxial

LiDAR considering occlusion

Emission field
of view

\ (Laser divergence /
\ . /
\ Receiving i Receiving
\ field of view — field of viewy
3 {1 /
\ - /
\ ik /
\ B £ @
\ _: _,___l ————— sl ) E
\ Fes hy / A
\ - | 7 &—xé |
\ i h|/ *—e
\ — N .y
VR
ha—

K6 RAHOLH R & R R ER

Fig.6 Simplified diagram of overlapping field of view for coaxial LiDAR

R % 55 0 5 5 H o 5 19 52 B A BE A I R
h 35y E X PRI, Horp, /X RS
9 5 ORI AN A8 B W X3, 2o 98 XA 4 S
W37 0 5 2 ) XS, T X SR 5 e et
TEELBN X,

B DAY A by R DX 9 XA 58 BT
JCRR K (RGTE) Z 6] B BE RS, 4o 8 XAy 3 A e
hy i X5 B DX 58 B TS O TR Ik (R BTE BT

ZIRIAEEES o MRAEILTSCR, A5 hy A by (315K
_ R-d _ R
'"tanr+tank’ ° tank
Py T Ot R X B2 OO (3 3, WO T i 1A 2
Fe W BB R bR R RS h R AT AR AR B
xy(h) JEREES h AR 37 6 P30 575 50 Bl )
xo(h) RS REAR, W

2)

R
X, (h)—tank(m—h)
x,(h)=d+htan t

M oh< by, AVREDN HARAEE XA, & 505 flE
I AN AE B, BB N R HE YR T 155, BR
A REBEWGE TR 0 24 hy < h < hy, BVERI H AR 1 3 3
X, 5 OBl S S S A O3 8 4 A8 &, L
A R W BB A B X 3, B X8k 04 P [ 2 42 R
x1(h) ANEIREAE A xo(h); 25 h = hy, BIFFIN H bR AE B X
B, & SHOC B S IR B TR0 A5 i B AR 3 4 3 2
e, BEREHE S T x () S 0, W IX A A R MG Rl R 2
7 xy(h) W9 R IX 380

MO ICBERE B o A B A, AT <A sz
P A — LT R E S &K T Ah):

)

0
_2=0, h<h1
8%
el T e 4
fh) = = 2 4)
X3
—221, hzgh
8%

SRMT, S B B B0 G BE BE 1 40 A AR IR AR 1 5,
PR, AN BB L A e O R 0 5 — AR T AR
HENT, T 2% B R R e EE
K, #FmHEE NS EROCER A T,

122 FREREAABEESAGRMALTEHTE
& EAER!

BT A RSO D OGO BE B 12 A1 A
R FE PR, TR R L N RE B A R
JE R ARy, I T AE 20 A1 WE 3 2 8 pR B e AR
xy(h) (O BE X S8 ) R 03 647 00— Ak, 15 3 & 1
i3 & N0 A T BT IS I, 1R RO
KT FRIAE IEA AL,

DL R R ), B 7 R — i AR s G O B

202300274



s Gk A2

% 1049 www.irla.cn

w(h) | w(h)

~V

—

~ w/

7 FER R G AOERE R A R R
Fig.7 Schematic diagram of spot energy distribution of fundamental

mode Gaussian laser

%52 %
RetE o i s B, FEES b Ab 0O EBERE 5 A0 1A
SR PR B JE
w(0)
PDF (h,r) = E, o) exp ([ w’ () 5)

i Eg AEEES h = 0 A HOEERE ORI RE R W HE
B h ARSEOEE BERT U N B S ORI ES s o(h)
FEBS b AR MO C R R A, X TR 6 RIBOE R I8,
o(h) = xy(h)o
BB AR RICRE Y Eu(h) EHOEICHERE L)
A7 8 AL 2 R BUTE A28 o () 1 TR DX 3 AR
a3, N
Eou(®= | PDF (h.r)dr 6)

AR WOLRE R Ep(h) 2 HOEEBERE & 23 i 1Y
MR 58 JEE PR B A R B N B AR, A

h<h
Ev (=] |  PDF(hrdr- j PDF (h,r)dr, h, <h<h, -
J” PoF@.ryar, h>h,

FHEEES b b SOGRE i E pyoi(h) X E g () SHATIH— b, EZFE T fh) A (8) fiis:
0, h<h
E. (h ® PDF (h,r)dr— (" PDF (h,rdr
ray =D JLrornar-], h<h<h ®)
wra () | PDF (h,ryar
o, h>h,

B Q@) FIAREZENT AL 54X ) iRl
T B PR EOE T R T FE AR e, S O TR A T BB IE AR
B, ARBUE IEAE S E(h) M-

100 () Tu(h)*A,

E.(h) = - P f(h) €

2 LHRHFE

AR E T KA H B A R W) GL-1130 #Y
SR OGRS (B EUNEE 1 FTR) SR 2k, I
BT GL-1130 W Z Btk A7 07 B H5, 8 0 He o3 B 5
075 e 7 2R, 9 UE SC AR A APk

R T AT, K S %MﬁEﬂl’]r“Eleizi’«JLﬁB
—ARAbFR BETASIRLA ELE N 2R, BR TR 1 ok
ZHRMHLES 1 S8, I 75 WO TR A
T R G HAOE 1, Eﬁﬂﬁfi%ﬁ%p(h) KA
BARBEIR T (h) SF28 X WUANSHIA KN E S

¥ i 5 fE 1R P,

B fh), HOR P=1. n,=1. p(h) =1, T,(h) =1 KI{j ELHF
o7 £
M [ HH%%EI’J;&GAJ?IE&{WW»M)L%W 8, KO
RE TR HE — i, R H s BT L IE 1 ) 72
/N L, ORI S BOE, RELIRTEA
(] BE G AR A (BI85, TFAR I [0 15 522t i 1o th 2k

& 1 GL-1130 ERMHLEIESH
Tab.1 Parameters for GL-1130 warning LiDAR

Parameter Value
Radius of emitting lens d/mm 5.75
Radius of aperture R/mm 7
Laser divergence angle(emission field of view) 2#/mrad 6
Diameter of receiving lens D/mm 30
Focal length of receiving lens f/mm 40
Diameter of APD ¢/mm 0.5
Receiving field of view 2k = ¢/f /mrad 13
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Tab.2 Measured data and simulation data of nor-

malized LiDAR response curve

Distance Measured Simulation data Corrected Overlap

h/mm data before correction simulation data  factor
0
215 0.533 1.000 0.250 0.084
653 0.779 0.562 0.938 0.559
810 0.859 0.457 0.991 0.726
895 0.940 0.413 1.000 0.811
983 0.975 0.374 0.998 0.894
1096 1.000 0.332 0.983 0.993
1369 0.995 0.261 0.779 1.000
1739 0.827 0.207 0.618 1.000
2389 0.635 0.159 0.475 1.000
2969 0.501 0.137 0.408 1.000
4028 0.338 0.114 0.341 1.000
5052 0.231 0.102 0.306 1.000
6205 0.166 0.094 0.281 1.000
7047 0.117 0.090 0.269 1.000
10+ ey T Measured data

O v ——— Corrected simulation data
N ‘ ‘ —— Simulation data before correction
NN

04 |!

Normalized response

0.2
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Fig.10 Normalized LiDAR response curve
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A dynamic range compression method for coaxial warning LiDAR
based on overlap factor
Liu Jing'?*?, Jin Weiqi'", Que Kailiang®
(1. MOE Key Laboratory of Photoelectric Imaging Technology and System, Beijing Institute of Technology, Beijing 100081, China;
2. Baoding Galaxy Electronic Technology Co., Ltd., Baoding 071025, China;
3. College of Electronic and Information Engineering, Hebei University, Baoding 071000, China)
Abstract:

Objective The warning LiDAR used in industries such as autonomous driving and smart mining obtains target
distance and alerts by threshold detection of echo. When an warning LiDAR works in an adverse environment
(fog, dust, etc.), the emitted laser pulse will be scattered when it hits water drops or dust. Backscattered light will
form backscattering echo, and forwardscattered light will be reflected when encountering an object to form a
target reflection echo. Backscattering echo will interfere with the detection of target reflection echo. Therefore,

backscattering echo compression is essential for the warning LiDAR.

Methods For the detection of surface targets, the intensity of the LIDAR echo is inversely proportional to the
square of the distance, resulting in the intensity of the near-distance echo being several orders of magnitude
greater than the intensity of the far-distance echo. Because the optical path of the backscattering echo is shorter
than that of the target reflection, the backscattering echo is in front of the target reflection echo. The optical and
mechanical structure of the LIDAR transmission module obstructing the receiving field of view can affect the
near-distance responsibility, resulting in the echo strength not monotonically decreasing with distance, but first
increasing and then decreasing with distance. By reverse utilizing this attribute, we can model the LiDAR echo
based on the optical and mechanical structural parameters (overlap factor) to achieve near-distance echo
compression, thereby compressing backscattering echo in adverse environments (fog, dust, etc.) without affecting
target reflection echo, and thus reducing false alarm rate. A dynamic range compression method for coaxial
warning LiDAR based on overlap factor is proposed utilizing the influence of coaxial occlusion and non-

uniformity of laser spot energy distribution on overlap factor (Fig.4-7).

Results and Discussions LiDAR with parameters in Tab.1 is used to measure response curve and parameters in
Tab.1 is used to get simulated response curve. Table 2 presents datas of the measured normalized response curves,
simulated normalized response curves, and overlap factors. The response curve plotted according to Tab.2 is
shown (Fig.10). Comparative analysis of measured data and simulation data is conducted. The measured data

showed a peak echo intensity at 1 096 mm and decreased to both sides; The echo intensity of the simulated data

20230027-9
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before correction monotonically decreases with the target distance and does not match the measured data; The
simulated data after correction showed a peak echo intensity at 895 mm, which was closer to the measured peak
position of 1 096 mm. Moreover, the corrected echo intensity decreased towards both sides of the peak and
showed a similar trend to the measured data. Considering the influence of factors such as processing and
adjustment errors in the manufacturing process of LiDAR, the actual peak position should be slightly larger than
the predicted 895 mm by the modified model, which is closer to the measured 1 096 mm. The Pearson correlation
coefficient between the corrected simulation data and the measured data is 0.908 5, indicating a strong correlation
between the simulation response curve and the measured response curve, effectively proving the effectiveness of
the model built in this paper. Based on the above conclusions, simulation analysis is conducted to investigate the
effects of four parameters on the response curve, which are the radius of the transmitting lens d, the radius of the
aperture R, the divergence angle of the laser 27, and the focal length of the receiving lens f. The simulation results
show that an increase in the radius d of the transmitting lens, a decrease in the laser divergence angle 2, or an
increase in the focal length f of the receiving lens can slightly compress the dynamic range of the response curve,
but not significantly; Increasing the aperture radius R can significantly compress the dynamic range of the

response curve.

Conclusions Therefore, in the optical and mechanical design stage of LiDAR, it is possible to effectively
compress the response at near distance relative to far distance by increasing the aperture radius of the warning
LiDAR, thereby achieving compression of the backscattering echo relative to the target reflection echo to reduce
the impact of adverse weather conditions on warning LiDAR. This model has been used to guide the optimization
of existing warning LiDAR products, especially for the optimization design of warning LiDAR applications in
adverse weather environments such as autonomous driving and smart mining. It has important practical guidance
significance and broad application prospects.

Key words: LiDAR; response curve;  dynamic range compression;  fundamental mode Gaussian laser
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