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About Smart Mobility Research Center, Chulalongkorn University

- Road Safety -Aging Driver
Established 2012 - Driver Behavior -Near-Miss Incident Database

-Driver Behavior Monitoring /

- SAFE - Advanced Driver Assistance Telemetric
mcinri
: System (ADAS) and -ADAS/AD High level design

rmi O = Autonomous Driving system  -Autonomous Driving System

Integration and Testing

-Road/IT infrastructure
- Smart Mobility

SM ART -Eco-Driving

- Intelligent Transport -Connected Vehicle (V2X)
System (ITS) -New Mobility Business
-Smart Grid

- Vehicle Electrification Light-Weight Structure

SUSTAI NAB' LlTY - Carbon Neutralityand  _gy pjatform

Net Zero for Mobility -Battery packing

- Future Mobility Service FCEV

-Mobility-as-a-service
"Networking for Smart Mobility at Chulalongkorn University Developing
Smart, Safe and Sustainable Mobility for Thai society”
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Next Generation Automotive: C-A-S-E

Four trends on our roads will boost “the next Mobility revolution” in and
between cities
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Owned Stand-alone Combustion Driver
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Shared Connected Electric Autonomous

Credit: Siemens



Milestone of Autonomous Vehicle Research at Smart Mobility Research Center Chulalongkorn University
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Established 2012

2012-2017
Focusing on ADAS, Driver behavior, HILS, Driving
simulator research

June 2016 May 2017

Driving Simulator for elderly 6-DOF Driving Simulator
driver ability assessment

October 2018

The 15t Seminar on Automated Vehicle in Bangkok /

university)

April 2019
The 15t 5G Connected Car in Thailand

August 2019

Demo at GITSDA for MULTI GNSS ASIA Conference
(GNSS RTK /2D LiDAR Object detection and avoidance)

December 2019
Demo of AUTOWARE (Co-organized by Nagoya CU Toyota Ha:mo Autonomous Relocation System prototype

(GNSS RTK /3D LiDAR Object detection and avoidance)

July 2020
NBTC Project: 5G Teleoperated Vehicle

2017-2021

3 Autonomous vehicle prototypes were
developed in house

April 2021
Autonomous Delivery Vehicle prototype platform
(GNSS/3D LiDAR Localization/Delivery Application )

April 2021
NBTC Project: Autonomous Shuttle golf cart prototype
(GNSS/3D LiDAR Localization)

April 2021 - February 2023
NBTC Project: 5G Testing for Autonomous Shuttle
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CHULA 3NGINEERING Use Cases/ V2X

Foundation toward Innovation

Mechanical Engineering
! Vehicle Electrification

Automotive Engineering

The Expe|-|men1- of b6 Communication Vehicle Safety and Advance Driver EV
. . Assistance Systems | | Rasee. el A
for Autonomous Vehicle Project Autonomous Driving i / ST Ph? .
Autonomous Vehicle LUt é HD Map
Asst.Prof.Nuksit Noomwongs, Compu’rer Engineering AV Pilot Test
o ) ) D.Eng Assoc. Prof. Kultida Rojviboonchai, lor 1es
Civil Engineering Ph.D. Asst.Prof.Nuksit Noomwongs, D.Eng
ITS/ Transport Assoc. Prof. Peerapon Vateekul, Ph.D
| Transport policy
Project leader Video Wall Communication
Assoc. Prof. Sorawit Narupiti, -
Ph.D Electrical Engineering

5G, Telecommunication

56 & Communication
Asst. Prof. Widhyakorn Asdornwised,
D.Eng

Project advisors ‘ Hlachrioal Enginsering |
Prof. Lunchakorn Wauttisittikulkij, Electrical Engineering

Ph.D Assistant Professor Panuwat

Lect. Pitchaya sitthi-amorn, Ph.D Janpugdee, Ph.D
THAIULANDG ’

' THAILAND B o o o
AUTOMOTIVE Policy Guideline
/'/
=~ INSTITUTE i
anuugusus K Assoc. Prof. Sorawit Narupiti,
PnD /macart
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Our Focus is on Level 3 up
Level of Automation (SAE J3016)

* Supports are needed for usage on public road

Levels of driving automation summary.
Adapted from SAE by Wevolver 5

- X - A - A SA 5/‘ §‘

NO AUTOMATION DRIVER ASSISTANCE PARTIAL AUTOMATION CONDITIONAL AUTOMATION HIGH AUTOMATION

FULLAUTOMATION
You monitor the environment. You are the driver, When system reguests,
even when automation features are turned on. you must take controL

Mo requirement for you to take over control.

System operates when specific System operates in all
System supports you driving. conditions are met. conditions
Steering OR speed
are automated. Steering AND speed are automated.
Adaptive cruise control: ACC Vehi
. ehicle handles at least 2 . . . . .
Autonomous Emergency Braking: AEB i ADAS Highway pilot City pilot Full Auto pilot
Lane keeping assistance: LKA functions of
Lane change support: LCS Pilot Assist

Advanced driver assistant system: ADAS Traffic jam Assist



Connected Automated Vehicle

Concept of Connected Automated Vehicle (CAV)
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SIMULTANEOUS LOCALIZATION AND MAPPING (SLAM)

2 The computational problem of constructing or updating a map of an unknown environment

S

while simultaneously keeping track of an agent's location within it.

Cnr!'nputer
Vision - SMART PROCESSOR SMART ACTUATOR
SMART SENSOR — Steering
S Acceleration
A — P
= Signaling
|8
Sensor Fusion
1. PERCEPTION 2. LOCALIZATION 3. PLANNING 4. CONTROL 5. COMMUNICATION
Allows cars to perceive their Gives car it's location. Given the localization and Given the plan, what signals 6. HMI
environment and make sense of it. perception, how should should the car send to the motors.

the car move.

https:/www.quora.com/What-is-the-most-important-component-of-a-self-driving-car

In this project, our Focus is on Level 3
(Low speed in predefined route)
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Connected Automated Vehicle

System of LV-3 Autonomous Driving in the demo prototype

Camera VPN-16 LiDAR Camera

A <\
v « r "

Camera  Sensors
3D LIDAR m GNSS

) 2
High Level Control
\ V4

(Perception, localization, planning)
Autoware

.21 Low Level Controller

|

{ Drive/Brake/ ;‘;J

Steer-by-wire

[Vehicle Dynamic Control

Ultrasonic eHMI
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Connected Automated Vehicle
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Connected Automated Vehicle Waypoint on HD Map

Chulalongkorn University
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Connected Automated Vehicle Waypoint on HD Map st T

NBTC Office
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Connected Automated Vehicle Vehicles
Parameter  |Unit___ [Specs
Length mm 4300
T i Width mm 1610
:‘&.V PN—' 16 Height mm 2430
A Wl Wheelbase mm 2894
Passenger [N 10+2
Seats [ 10
Curb Weight kg 1374
Gross Vehicle
Weight kg 2200
Max. Speed km/h 40
! TURING Gradeability % 220
M e cemETSDISWSG Type -- Lithium lon
© | Nominal Capacity Ah 160
Nominal Voltage V 72
Type -- IM
Rated Power kW 7.5
Peak Power kW 20
Wheel %8 -- 185 65R15
= O : =D
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Testing in closed area in Chulalongkorn University Campus MG |

Autonomous driving test (Predefined way point)




Testing in closed area in NBTC Office (n&nv) il =y




Vehicles

Dashboard

Select a following vehicle:

™
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Position

Speed

Battery SOC
Driving Mode

Fr & Rr Camera
Lidar point cloud
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10.80.255.240

C-V2X Center

n1sa9815 5G dmsusaliaudu: C-vax

Cellular V2X: Other Communication technologies generally cannot support large-scale UAV
communications in a cost-effective manner.
« Capacity and Distance — Dense Autonomous Vehicles, / ocs\
Bandwidth and Spectrum Efficiency N2E
 Latency — Mostly Latency is from over-the-air interface (OTA): longer UOR NEF |NWDAF
distance: longer delay for direct link T Nudr | Noef Tandat T
« Safety — Reliability, Collision Avoidance, Jamming, GPS Accuracy and lua,m -
GPS Spoofing Resistance (3GPP Release 18) AMF
« Security — Cyber Security ,
\ ' P
D o e S 8 s | 7 | e e e improved eabilty thigher speeds and longorranges ((‘ ’)),' /
ASS ARy P ' cvax Foqured soding i ditnco () ,,'
- o s e - - | 10.80.255.241
——— s " » '—3 10.80.255.245 %
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Average Latency (ms)

Latency (ms) for Drive test 30 Mbps

: eMBB “
5G usage scenarios (High data rate) 5
Enhanced Mobile Broadband

Gigabytes in a second ——L_. Infotainment

3D video, UHD screens
Work and piay in the cloud
Home /Building

5 10 15 20 25 30
Throughput (Mbps) Number of tests

S i Latency and Thoughput Performance Test Scenario
Aupmaned yealy Alg::;?;:e WAN IP : 10.80.255.238
i — ¢ Fleet management
« Remote diagnostics Remote driving Tester 1
Voice . Mission cilical application, « Vehicle recovery 7 PRI ‘
) eg.ehealth o Traffic . w:musrubk«rs( (
SimaatCiy Self Driving Car managemem Se|f—dr1\.|1ng car LAN 1P : 192.168.1.20 e e — /
Future IMT ‘ /' ok ‘il ' 4 i
)/
mMTC Vehid:e J URLLC WAN IP : 10.80.255.239
Massive Machine Type Uttra-reliable and Low Latency (Low-complexity device, extended platooning (Low latency, high reliability) SR
Communications Communications coverage, long battery life)
LANIP: 192.168.1.21
URLLC 2 Autonomous driving Variablerate  0.99999 Upto 10Mbps <10ms 100 UE speed up to
Applications on C-V2X often generate a lot of data that need to be uploaded, typically leading to high uplink data rates. Hkmmph

soeuAbiaudusEaun 1 lawn Adaptive Cruise Control (ACC) ua early warning flldagawnivansludsemalneglulagiu

dmsusaeudliaudulusedun 2 wae seAun 3 vseiisend semi-automated driving ASU ABeN1sTUdIURYATIZeR 0.55 Mbps dwsu V2V uag 0.5 Mbps
d113u V2l - Latency 100 ms

= =

dmsusagudliaudulusedu 4 wae seAudl 5 viseiisend automated driving ATU ABIN155Udlayaigana 53 Mbps dmsu V2V wag 50 Mbps @iy V2l
— Latency 100 ms f8AMNUNTEND 99.99% vinlilu 1 cell site 9193 capacity line



J/macart
MO

, 'n'mnﬂaauﬂsuammwmsﬁaaﬁmmﬂsamasmu 5G

car #1 Parkir g Car #1 Dri g
.’\J VDO Str .wn VDO‘.I

Car #2 Parkin, — Car 2 Driv
m A | ne

No VDO Stre With VDOSLuaam
1200
1000 »
E 800 f i
g e [
o
8 a0 |——
200 : 2 3 . ‘
. = —L —i
3
3
Throughput S
§ 5
‘ -5

-
2 a

2

2

:

|

Packet Loss e G




Accident Notification Video Streaming from 3 Autonomous Vehicles Management Web Application

e — . — & Monitoring Dashboard
a Q ? 2 I s e it ¢ 073 ) =
s 9= i e = o
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P - Cr D Passengeris]
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Heartbeat of vehicles and devices
i TAWT 00 AN @ - ACTIVE | @ - INACTIVE HOT AVELARLE [
DrOWSineSS ... e J:l': front Vatk MD““"::’ Drowsiness A ropact
Detection 1 I 5 E : ;
oo L4

6 Passenger
Al Counting

USE CASES Public Server/Cloud Architecture

Metrics
§€ katkn ©) telegraf @ influxdb
Dashboard ! for telegraf loT Database
Metrics/Events/Heartbeats il
..... Flux Query
nRIVER e . N Metrics/Events/Heartbeats | ;  Query Resul
- X, NGIHNX Stream Chunks n.llde _85;?;[?]"“
Proxied U uery___
"vn Media Server = Web Servicesl = Result General Database
— n *
—*E L oo M et l'i[:S | HTTP Requests HTTP Responses/Socket
RTSP of Camer | ¢
Event Camera Streams 0 Let'sEncrypt — Poiie o NGIMX I Roquestsay
St certification « HIMLCSS/ _
reams Certhot TWeh Server JavaScript Files Web Client
Heartheat HTTPS F}equesls HITPS Responses/Socket
Q\
Driver Application 5G Web Browser
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‘ USE CASES: Al Passenger Counting <&

! MOdUIES IP Camera FUture Work

An anchor-free version of
YOLO: Real-time object
detection

1. People Detection 2. Bounding Box 3. Passing Detection

Drowsiness Detection Future Work

=||| MediaPipe

Machine learning pipelines
for processing video

1. Brightness and Gamma 2. Facial Key Point 3. Non-interested Face 4. Detect Eyes Aspect
Correction Detection with Dlib Filtering Ratio with OpenCV



@ Start/Stop of demo

Demo information
2 VI 7S V' Shuttle pod Bus stop
9 | :
o § D ™ vq 4 Q (23] ,‘,BrIEf stop
e N T ™ ° s
”":-: :'s
Q | O S Sl 9 CU Ry
- | v Sheidisiie l
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7 Q Clock \'Q:H .
g INEIGWOL IMASSUMANS 9
4 9 W9 Google TR t o 4

* Route distance: 1.3 km
* Maxspeed: 10 km/h
No. of passenger: 5-6

ODD:
Low speed automated vehicle in predefined route at CU campus
Autonomous mode will be operated between Shuttle pod bus stop and brief stop location

» Safe driver will operate vehicle manually anytime for safety
 Safe driver must confirm for safety before start autonomous mode at bus stop / brief stop e No. of staff: 3
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Demonstration of Autonomous Shuttle @ NBTC = -

 sdnnems
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@® Start of Autonomous driving

i
8 oy @ Start/Stop of Demo
[] ownss V' Shuttle pod Bus stop
C own 4 @ Brief stop

[ avmseanse

=>» Automated driving route
Manual driving route

ODD:

* Low speed automated vehicle in predefined
route inside NBTC

e Autonomous mode will be operated between
Shuttle pod bus stop and brief stop location

» Safe driver will operate vehicle manually
anytime for safety

e Safe driver must confirm for safety before start
autonomous mode at bus stop / brief stop

You are h

* Total Demo route distance: 0.6 km
* Max speed: 10 km/h

* No. of passenger: 5-6

* No. of staff on vehicle: 2

wauwnatu%wziau 8 (Fasdr1uaN)
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* N13RNLUULALANMUA Operational Design Domain (ODD) dAud1Agyat1euInganuUasnfekaz ULy
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* YUTNAADINIBIIUINIT Autonomous shuttle AENITTUNNTBYANITVINULAE NTHAAWRNITAIRE)
(Incident) et lduiluusuuss ODD ImnzauuazUaonduundu

* wialulad 5G V2X fdudfy Mvilianunsalinuinas Autonomous shuttle lnagnsUannnsuaziiusz@nsnin
Ay N5ENTETe wagAuANIINTEeEing MskaniUdsuteya Y18 {lusnisieseviglnsauuiny AEliunuv
d1Agy wazasnalanianieginale

* TumulAsaEsINUgIN MINANTNNITITITUINUNIEALNTUTo LAz eINdon1TIlnegvUasnselneTiSafe
Driver lilfaaunsnugevosnsa asiinisliddamsiieviaziinisaiuaulalysadudugdiunislutesmaiauiu

* A5in15ETaNAUtonomous shuttle AUt enanazdsarsiuaumiulalaense wazad1suszaunisally
N15199UDR LUTR LABE1INI19U9TU A2sHinNsEeaNs AU lUlans1uianaluladtulonlud@mn 31
AMNAN15008149ls TUaandnezls wazazasteuselovisnzlslunudaula
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