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Research of Vehicles Longitudinal Adaptive Control
using V21 Situated Cognition based on LIiDAR for Accident Prone Areas
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Abstract: This is a research of an adaptive longitudinal control system for situated cognition in wide range, traffic accidents
reduction and safety driving environment by integrated system which graft a road infrastructure’s information based on IT onto the
intelligent vehicle combined automobile and IT technology. The road infrastructure installed by laser scanner in intersection, speed
limited area and sharp curve area where is many risk of traffic accident. The road infra conducts objects recognition, segmentation,
and tracking for determining dangerous situation and communicates real-time information by Ethernet with vehicle. Also, the data
which transmitted from infrastructure supports safety driving by integrated with laser scanner’s data on vehicle bumper.

Keywords: Infra (Infrastructure), V21 (Vehicle to Infrastructure), Cooperative, ITS, UGV, LiDAR (Light Detection And Ranging),
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Fig. 1. Concept of an integrated safety driving control system based
onV2lI.
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Fig. 4. Infra-LiDAR sensors installation position.

* Acquisition of Obstacle Position Data

- Angular Range: 100°/180°
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Fig. 5. Infra-LiDAR sensors specification.
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Fig. 6. Design of an Infra-LiDAR sensors cradle.
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Fig. 7. Infrastructures design by target section type.
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Fig. 8. LiDAR sensors installation on test vehicle.
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Table 1. Message architecture.
Message structure
Field# Description Size Type Value
1 Message Header 2Byte N/A N/A
Infra Information 0xA001
Infra Message 0xA002

2 Command ID 2Byte
Vehicle Information | 0xB001
Vehicle Message 0xB002
Data Length(#) 4Byte N/A N/A
4 Data (#)Byte N/A N/A
Command ID: Infra information
Field# Description Size Unit Type Value
1 Infra Name 16Byte | N/A N/A N/A
2 Infra IP Address 16Byte | N/A N/A N/A
3 Infra Position TM_X 4Byte | cm N/A N/A
4 Infra Position TM_ Y 4Byte | cm N/A N/A
Command ID: Infra message
Field# Description Size | Unit Type Value
1 Target Vehicle Name 16Byte | N/A N/A N/A
2 Target Vehicle IP Address | 16Byte | N/A N/A N/A
3 Safety Velocity 2Byte | m/s N/A N/A

Pedestrian 0x0001
Heavy-Vehicle | 0x0002
4 Cause 2Byte | N/A | Medum-Vehicle | (0x0003

Intersection | 0x0004
Unclassified | 0x1111

5 Reserved 4Byte | N/A N/A N/A

Command ID: Vehicle information

Field# Description Size | Unit Type Value
1 Vehicle Name 16Byte | N/A N/A N/A
2 Vehicle IP Address 16Byte | N/A NiA N/A
3 Vehicle Position TM_ X | 4Bwte | cm N/A NA
4 Vehicle Position TM_Y 4Byte cm N/A N/A
5 Vehicle Velocity X 2Byte | m's NrA N/A
6 Vehicle Velocity Y 2Byte | m's NiA N/A
7 Reserved 4Byte | N/A N/A N/A

Command ID: Vehicle message

Field# Description Size | Unit Type Value
1 Object Position TM_X 4Bvte | cm N/A N/A
2 Object Position TM_Y 4Bvte | cm NiA N/A

Pedestrian | (=0001
Heavy-Vehicle | 0x0002

3 Object Classification 2Bvte | N/A Mt vanis | 0x0003
Unclassified | 0x1111
4 Object Velocity X 2Bvte | m's N/A N/A
5 Object Velocity_Y 2Bvte | m's N/A N/A
6 Reserved 2Byte | N/A NiA N/A




=2
=,

21
=]

TH &, ol Al

ok
=
, Command IDE HA|X]o] thet &
AEE 517] 9%k =o|t}, Data Length™=
AEE dbyte 7|2 HAF

S |

A
Q14 3 A Ans 2

4

¥ 19 Message structure$} o] Command IDE 34
Data =0 T AEO] &S & = A Ark Bule &
A elzZete] 74 “Infra information’, “Infra message’S 3F A
Eg &, 21| 74$- “Vehicle information’, “Vehicle message’
E T AER A dA FrInitt dEEA "ok Qe
S9AQ AFElA ddshe HAAE AEshA =Y,
‘Vehicle message’'+= ¢ ¥o} T2 2= © ujdE HEd
A FRbEe] ZA71E 7R mAAE dZekE s €
t}. wWAX]elA “Infra Position’, “Vehicle Position” 2 ‘Object
Position’e GPSZH-E B5% v 9AE& 7|Hte =z 2314
HH Fodo] ® A HARXE AR "k 97]olA= T™
(Traverse Mercator)A¥HS ©]- &3 TS AR&sto] cme] &
ooz A x2S THSIATE 223l “Vehicle Velocity’ 2}
‘Object Velocity’ 53+ At AEAZS 7|5so 2 SedEe] X
9 YE AEoZ EHSNIUL Infra messageol| 4]  ‘Safety
Velocity’ = HMAIAIE Bh= Apgol] digk 731 Qbd Skeo)w,
‘Cause’= 17l %ol digh o= R}, A&, wak= Bl
B E7I2 I o]f-& YERIES 3t} Vehicle messageol A
‘Object Classification’> &% ZAAllol] talir] Bz}, 215

=
=
k
I
-4
o>“
oo}
o

CASS

fu

4 5 Bk s dbees g
V. elZa} 7|Hh SkZolAl 3 AkEloIX]

1. l=Z2} 7|8k skA ol

Q1= LiDAR AlM7F agso] = Ajell A 279l
218 sh= Blo)7] witel, 7EHoR =& 9o AL A
Ak 5= A Aok =, AAH ROI (Region OF Interestyol| A &l
T e a1 AR ] AAT ¢ glem, 19
AzHE B dlolHE d4slof et At & 4= ok

Pre-processingoll A= AAAEE o]-&-3]
G AEES AR HH, dHPES

=== ©
tlolHES A Pt 28]l So)4(singular points) A

% dgES o] &3 segmentation S Fal A Y=
LIDAR tlo]ElE #E|alA ¥rh mpA2to s ) gels &
25 tlolElE AT AR BES 7uko 2 o FHol A
A Q1A Ael= classificaion 3 P A1) o]FA
3] 918k tracking S AX|A] He

Eold A% &ag]EL LIDAR A7} IE ZFke=
(point cloud) FEl=Z dlolHE EE3tte S o] 83t

= = -1

Tracking

[

S
=

LiDAR
Raw Data

Pre-
processing

Segmentation [ Classification

12, 1} 21 A
Fig. 12. Infrastructure’s environment recognition process.

(=1
[y

=
=

gk
B!

21
=]

PS
o

t

2
ol

s 2HHS

LiDAR data |, ©, Object LiDAR data [
5500- 7000~
5250- [ 6500-
e 6000-
4750~ 5500
p | P _
5 asoo| e 5
= < 5000-
4250
77id »;1 4500-
3750~ ot 4000-
3500-, | ' | ' 35004, | | |
3500 4000 4500 5000 5500 3500 5000 6000 7000
¥icm) Y{cm)

19 13 270 AAEL] EQIE SEhe-= dloH.
Fig. 13. Point cloud data of the scanned objects.

40- S-U

30~ 0-| L_] r——-——i L—\___W T.
5 20— -5-, 1 1 l [N
% i 70 80 90 100 112
8 107 A a Points number
2 9 8 : 3
£ o ..
]

=20~

-BO-I 1 L] 1 1 1 1 1 1 1 1 1 1 1 [}

0 25 50 75 100 125 150 175 200 225 250 275 300 325 361
Points number

Q: Start point of object  [J: End point of object

% 14 RS o] 89 Sold F2,
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