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[Abstract]

Recently, the technologies related to autonomous drive has studying the goal for safe operation and prevent accidents of
vehicles. There is radar and camera technologies has used to detect obstacles in these autonomous vehicle research. Now a day,
the method for using LiDAR sensor has considering to detect nearby objects and accurately measure the separation distance in the
autonomous navigation. It is calculates the distance by recognizing the time differences between the reflected beams and it allows
precise distance measurements. But it also has the disadvantage that the recognition rate of object in the atmospheric environment
can be reduced. In this paper, point cloud data by triangular functions and Line Regression model are used to implement
measurement algorithm, that has improved detecting objects in real time and reduce the error of measuring separation distances
based on improved reliability of raw data from LiDAR sensor. It has verified that the range of object detection errors can be
improved by using the Python imaging library.

Key word : LiDAR sensor, Line regression model, Distance measurement algorithm, Object detection algorithm, Raw data.

https://doi.org/10.12673/jant.2020.24.3.192 Received 3 June 2020; Revised 4 June 2020
This is an Open Access article distributed under Accepted (Publication) 27 June 2020 (30 June 2020)
=t the terms of the Creative Commons Attribution *Corresponding Author; Dong-soon Hong

Non-CommercialLicense(http://creativecommons
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial i
use, distribution, and reproduction in any medium, provided the Tel: +82-2-2209-3671
original work is properly cited. E-mail: biscopro@naver.com

Copyright (©) 2020 The Korea Navigation Institute 192 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



.M E
H 42k A E g o] 313 FA) AFgF e Als A okl A
= % Hriele] Wy} 7REE AL gl om, okl A =
A& et 8l 5914 (USV; unmanned surface vessel) 5-2]
7|7 dko] A O 7 o] Fo x|l Qlt}. o] gk 2}E3}, <l

k= fleiA 7P WA @ s ojof & et FHEAS] B
2 U 7]zelgtal BE = vk sidell A= 1Sl

W& o] AAE ffsto] gloltte} hdle} 7o) ARgE AL 3l
o} AR B UsVe 74 e av]Ee 23712 e] = A

El—;q o|AAzg] W vk tjgt A3l AHGFFo] Ao F
ST QA o]Efdt EAIE s Sdshs o R
LiDAR 41419] g-g-0] 112¥] 31 2Irh1]. LiDAR AlA = #lo]
A WS AR Paketa WAL Ho] EAolA] WAt o]
HEotew Waplte] AREAE QIAEte] AR E Altsls
A EA Pl 17 19} 2k 2 =ie A LIDAR Al
ME 719ko 72 A7 raw H|o]EFS A Eko] 2219 MO R
AA]dlold YHL ghgato] 3|7 &

459
g A% F, TS Bt 209 o) 2ARlE 5
sk QuelEg A
. EFEX ea2F

LIDAR A4 2 S delelol ] A48 T8 91a14
=320 EﬂOIEie A7k, SAHelEle] Q498 5k
a7 ksl 2ok -4 LDAR 411 el 3154 3D 2

O1E (loud:= ©]o]E] 9] oFo] L3 wo mz AA7F 27| 9 A

AT A R AT, ol BAL 0A5] 3
219 29} 7o) 3D H5H A2, 2 ol veleel 2t 3]

E9] X, Y 237} 39 2D dlo|H & W dkel= i o g uds
2525 7Vt aFolh

Transmitter

,,,,,,,,,,,,,,,,,,,,,,

Start signal Laser dmde

Drlver

User app cireuit
f

Time Interval | |
Measurement | |
aR=crat2 | //

______________________

!| signal APP

Stop signal

Receiver

a8 1. 2lolct diMel 2z
Fig. 1. Principle of LiDAR sensor

- . | 2=y
.

b ° e e X ZE
°, Y ZE
Vv -

5

8 2. 3D GHlO|EfolA 2D G|O|EH = B
Fig. 2. Conversion to 2D data from 3D data

193

i

LIDAR MIAM7|gt ZH EA EX|HZ L1

53], 3= EHE 712, 4= o dHeleks A4 Aelety
= 7%, LIDAR A4 AHg 1= e =] 4] raw o
ofefell tig FA)3) o] A2 whgelA] AARE gL ol
A A} W o)2 /a7 slske] Akl o @ 29l
E doud A0 9] A2| B D )@ AZ ] A% S Pks
dyglEo R FAE A alo],gi];]_[ 1,[3]. H o] A L3k
341d LiDAR A1A+= 120°] HFOV (horizontal field of view) ¥
Qe A AP 75070 2] ERAE cloudE A5 4= 9lom, 221
E cloud Ato] €] 73 0.16°2 2)(1)S o]-&-38le] Ag)e} 7t
oA EIE cloud Ato] ] 712l & AlSakaL 7-E8 3t

L

D, = \/ (D;>sin(2 )’ (1)

+ (D,,-,*DJ->< cos(é,;.,-))2

D, = Distance from LiDAR to Point i
D,

£ ;; = Angle between Point i,]

= Distance from Point i to Point j

RIE cloud®] A&7} AT A A 4
ko seste] A% ¥ERIE cloud2] dHo
TEgk A4/4d 9] vl 4] LIDAR 417 dlo]E 9]

Hato] 54 Sl = 27l ZR1E
£ WHSSA] eF o, AL el A

A g Ag3te] o] ERIE cloudet A1

A& vlastlct ol g A4S AA AdE

cloud®] JHZH-H

Bimo] g o] ATt 7o
Ao w2} Q14

= T
AZ317) 91skol A7)

Ak
ISESS]

171 O

o

[e]
T
1ee
o) 2ol 0| RS

cloud A}eo]¢] A7}t =

B Rl

=

Ao 2o 28 A4,
o1 g3,

[e)
AaReIEsy

{wjaouesig

+60
Field of View()

@
=1
=}

J8 3. deds 24
Fig. 3. Model of line noise

fwisoueisg

- 60 0

. +B0 .
Fizld of View(®)

a8 4. 837 2y
Fig. 4. Model of line regression

www.koni.or.kr



J. Adv. Navig. Technol. 24(3): 192-197, Jun. 2020

19 394 AAZ ASE LiDAR AlX 9] delglof= b
Q1 wo|=7) Wol FHS & 4 Utk 7)ol A python
pygame gho|He|2]E o] &ste] mo]=7} 3k H|o]E oA
ALS ddatar, AP35 A&ato] AlZEks Aot
H 4 o], o]o} Fro] A ¥QNE PHS Tt RA 1Y
3]9] LS gl ASskdink. AR3]HE 6] A8
= tlolEe] 7} vlojE el A Qxb7h H A7t Hi= Ao] Bas)
Al =, AdGE] ] ALy = ar+b oF Z2 AG TS 7Nt

o7 7}7F EAE glolE 9] X, Y HARES st AP
25 dS 5 U, o] APEAA S FEE qHF Ax—b
& Haglshe x gk A=) 7FssiAl "ok

50 1 10
~ _ (o1 _|Tif ,_|20
Ax = bwhere A= 2001|°% [Io] ,b 40 2)

21(2)0ll4 A LY H(orthogonal matrix) ¥} “J4t2+e H (upper
triangular matrix)®] A4S o] ®abd, QTA=R 3} & A&
A& F om0 S NS H=QE T8I, A= QR 0% ¥
TQIARS A= T Tk

QTA=R—->QQRTA=QR—A=QR
Az =b—>QRr =b—>Rr = Q"b
Q= Orthogonal Matrix
R = Upper Triangle Matrix

©)

&37]¢] householder MEHH-E o] 83to] Q9 RE AHE3|aL,
householder H 3ol 4] HHEA 80 2 2] w7} 4tz 9]
AA S o] g3h, 2](3)T o] A= QR ©] H= Q9 RS 73
T o o] AL pythons AHE-sle] A3 mdls +

AsFATH4L[S].

. o742 AsL2|E

LiDAR 414 2] ToF(time of flight)S ©]-&3F A2]5A U=
= 2ol A 9] start BT echo B G714 9] FHAITHS
gste] Al E AlLtshs delelth o] 318 LiDAR AlAoll A 3
o] A Ro| gigte] Ax} gl dAFEe] 41 u, oA
Ae]E5A o] 2710] ¥k

=

=

) At: 3><108m/s o At

L(m) = ; @
el e 5 W sk @) ne s 4 glom,
oleld @Ak 4y14 0 AN AL S YA, Al
Ae] AR A H2:5447) Ro] Skt w7
https://doi.org/10.12673/jant.2020.24.3.192

194

Loof whe} o] A o] FeAIzke] GEfA| B o] Z k. 9] ¢
Qo] & < olrk =, 719 §hE, F5 B 250 ueh thE A
UeER = glon), 2 Aol A= 53] - Al SHolnz
1ol g Q2= S3] FAIE = gl & ofof tjgh A
T ehH etk T1Elan Bae] vid oy B el 4l o]
72l whe} whalE] = Ho] H7]= ZolA| B & threshold 7
o oJste] AgE5A e A7 wAlsR=t] o] 1S walk of 22}
al gt} o]2igh walk ol A 7| WHOR CFD
(constant fraction discriminator) S A3 Al5}e] 483} Tk,
1% 5= CFD9| 7135 4h5 Vel 210 2 117 59] a)9}
| Y2 H 29} whaLE 2= threshold Aol A 2719] wx}4 4
A& ATl wabS g
[e]

3
2P AN

e

AEaAow Aok QRS H

o] A71el 18] HHHo]7] Wil 17 59| b9k &
S e = 3] v ol 7 gl uhek
AR 20 A7) Wstel] 7]Rlek= A eAte Haste
tH6]. 17 59] ¢)= CFD2| 3] 250w, 33t & AEfol| 4]
WAYA7 L EE AFew g ee] 24 vk
ol o 8te] walk ol 25 & 28ek 5= Ql=5 A Skl

oL
r_{

H}

m fol r
ST
M1 o

2 Ay ol
r 2 yo 1%

tlo

1o
r_{
1

Threshold
Ala N\

a) Y& H el WAL 9] thresholdell ]38+ X<

Comparater

Input

Crossing
Point

Thresheld

Voltage
Delayed

—Signal

Attenuated
Signal
{Fraction}

R;

AA
Vv

Ry

- A
+
All Pass Filter
VOUI
h Re SUM
——\W—
4

Attenuator

I—ww—

2

Rs

¢) CFD 3|2 A7
3 5. CFDe| 7|2a=t & AA
Fig. 5. Basic operation and circuit design of CFD

theo & #lo]A 9] ToFell tigk tlo]ElE ¢7] $iste] TDC
(time to digital converter) S AF&-5}H, 2o]#] B2 Ins oA %
5 150mm, 100ps oA &5 15SmmE F3YI2E o] 23k 21



Z, 713]5*3 ‘89 Eieiecs HOP@] 25 ps AP 0] 1A=
Z4o] 7¥5e TI AlE] TDC7200 Z5-S ARSIt 11 6
2 TDC 259 55%0]H, 19 72 go]A o] A 7HS 4t
o= 23] HA o]t 7],[8].

VDD

VREG LDO & Reference Subsystem

START

TDC7200

Digital Core

ENABLE
Configuration Registers oLk

sPl csB
SLAVE

i
3
8

TDC Core

STOP

> Clock Counter &
Decode

SDIN
cLock

pouT

‘ INTB.

L
GND

18 6. TDC 252 =clojoja
Fig. 6. Block diagram of TDC module

Configuration

-Mode

-How many hits per Chan.
-Clock

-Calibration

+
Initialization

1

TDC unit waits for
-Start pulse
-Stop pulse(s)

|‘_

timeout

Calibration
measurement

Read Data

Write
ALU postprocessing new value into
according to HIT1 & HIT2
HIT18HIT2 one stop more than
1 only one stop
| Interrupt I_’1 Read Data I

38 7. TDC AIIEHE =M%
Fig. 7. TDC time measuring flowchart

TDC S start 9} stop H2=20] H-L714] op codeZ F7]3}
| HA] start 9} stop BAE tf7]3th AEF-= AlZHHIOEHE
FHIEH, stop B 27F EARSHA QIEJHEES Agith QIE |
Eo] iAjof el whet TDC Hlo]El & ¢1aL, /\] S AlLtstod
Age A=tk TDC200 BES] 18l 52 55 ps o|H, ¥
H2= 35 ps, S 9= mode 1 4] 12~500 ns, mode 2 ©1| 4]
250 ns~8 ms 2| 5A1S %%il:‘r B 5= mode 2 oA A=
& 9151 stop H2=9] AlFE ps HHE ﬂ—l%o == 7549
T} LiDAR AlXoA raw HIOJELS #5381 & 37H=3E Aol
A ol AARE F437] AsAE A ® Eelee] A=t A

Ale] Wgto] Hasiet AAdA H5¥E Aot Bk ole =
THARAZ T B o] g 3219l 9] Hlo|HE 738t
Lol AAR] SA S AAste] 2(5)¢] A uFr A= HEsIGlTh
745 s Hulo] Aokl iste] SAlE #lo

LIDAR MIAMZ|8F ZEH EH BXAZ L2125

E cloud 9] 0,+= 71

Distance{m}

O3 8. MAIZ AZ
Fig. 8. Real time measurement

N
0, = E A Q)

i=1

z=rcos(f), y=rsin(8),

2(5)E 7IWFO.Z LIDAR AN 2 H-8] ZA]efe] o] A A 7|
& flate] DolA Aus HE3]HAE F3l dolxl HdH 3]
7 223 AgE ZR1E cloud WES H|ulste] o2& A7)
A7, A3 3]7) R G} olue] ALd o] fHo] &
ST UATE 2AL o] =] AAR AL Al A Al
A3} LIDAR AlA &} A7} H X 2 54 F = EQIE cloudE
ARESEaL, 1 A ake] ARE ARtelEE sk 19 83 2
o] LiDAR AllX ¢} &35.9}10] o] AA R E AR AISE 7 QlTh

v, &3 ¥ 2N

AAE daelFe] ASE 2 2}
/g5t o] 7l ko g SAHAAS il 574
HE|Z2A 78S AREste] 53
2] 7] Ato]ol| A Hlo]E) %2

71z}l H2)7)= PEARL grol] o] gte] 8% w5 A
SFaL, 2 27| Thell A= hxal|ok 3R H|OE] = queue® T
AJate] A7 agko] 7bEElER Sl9Ith LiDAR AlA Hlo]
B¢} vl PC PHF =] ndlol = 2712] A8 queue s A5}
%131, LIDAR AlA] dlo[e] ] =21, A4 2 A2~ 18] 51
H|Q1 PC & E41 50 HE]7]elE tlolEl & AAIRFOE A F
Z}7te] queue s A AISFITHI].

5k 2~
%LT/\/\

r1r

I 1. AslEkA

[= i)

Table 1. Experimental environment

Program / Library Version Build
Python 35.6 -
Pygame 194 pip
Numpy 1.15.2 py35ha559¢80 0
Anaconda 4.2.0 nplllpy35 0
mkl 2018.0.3 1
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