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Background
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On-going Autonomous Vehicle Project

Foreign partner
(Tech. transfer)
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Tech. target

Pilot Sites: Thailand Science Park and Thammasat University Campus + EECi
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Sensor/Component Calibration

Partial System Integration

Component Testing

G

Autonomous-driving shuttle pod (Level#3)
Battery electric vehicle

Passenger: 15 (Sitting 9, Standing 6)

Gross weight: 3,450 kg (Empty 2,400 kg)
Max speed: 40 km/h

Max slope: 12%

Turning radius: <4.5 m

Sensors: LIDAR, RADAR, Camera

Computing: Industrial PC or NVDIA PX2

]



https://mustangnews.net/

CAV Testing @EECi — Proving Ground
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CAV Testing @EECi — Sandbox

USB 10000 mAh Battery GPS dual antenna

Intel Edison setup
Raspbery Pi 3
Model B setup

IMU setup

Racelogic VBOX 3i
data logger

Portable battery for VBOX
and wireless access point
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CAV Ecosystem — Big Picture

NORMAL EV/CAV
sn0n lalaniasa IMidwmsu 1
uANNED > 40 na/an. o

Winaviasevinaiin gy sneue
Tagans savdauia lvg)

mwmmtmmqmﬁsﬁumﬁau

CAV Provmg ground
@EECI Fa9UN3 2.5v809

1N D1NANTASNDNATNNTINEU

@ATTRIC guinadausaauas
FNUBUAUVZNG 2. auFunT

Integrated testing Inter-Urban
Timeline: 2567-2570

EJILM??JJEJS[‘IAN

LOW SPEED EV/CAV
snan lusianasalninanumd
alaitiiu 40 nu/zw

127y Autonomous feeder
system, mini shuttles,
Delivery robots, qns}n’lwm
PUFIAU- ﬂaﬂuwumum wun
aae/Tsa97u Auiauniv
Yinsa

Real world /open road
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Timeline: 2570-2573
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Autonomous Vehicle — System

Key components of AV
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Sensor Fusion / Data Processing

. Long-Range Radar
. Short-/Medium-Range Radar
. Camera
B LipAR

Traffic Sign
Recognition

Emergency Braking

Collision Avoidance

Adaptive

Yeong,D.).; Velasco-Hernandez, G.; Barry, J.; Walsh, J. Sensor and Sensor Fusion Technology in Autonomous Vehicles: A Review. Sensors 2021, 21, 2140. https://doi.org/10.3390/s21062140

Pedestrian Detecti

Environment
Mapping

Assistant

Environment
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Surround
View

Digital Side
Mirror

Digital Side
Mirror
Surround

View

Environment
Mapping

Blind Spot
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Eovi Park Assistance
Environment . 2
R Surround View
Mapping
Rear View Mirror
Rear
Collision

Warning

Environment
Mapping
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Sensor Fusion Approaches

Descriptions

Strengths

Weaknesses

High-Level Fusion (HLF)

Each sensor carries out detection

or tracking algorithm separately
and subsequently combines the
result into one global decision.

Lower complexity and requires less
computational load and
communication resources. Further,
HLF enables standardizing the
interface towards the fusion
algorithm and does not necessitate
an in-depth understanding of the
signal processing
algorithms involved.

Provides inadequate information
as classifications with a lower
confidence value are discarded.
Furthermore, fine-tuning the
fusion algorithms has a negligible
impact on the data accuracy
or latency.

Low-Level Fusion (LLF)

Sensor data are integrated at the

lowest level of abstraction (raw

data) to be of better quality and
more informative.

Sensor information is retained and
provides more accurate data (a
lower signal-to-noise ratio) than the
individual sensors operating
independently. As a result, it has the
potential to improve the detection
accuracy. In addition, LLF reduces
latency where the domain controller
does not have to wait for the sensor
to process the data before acting
upon it. This can help to speed up
the performance—of particular
importance in time-critical systems.

Generates large amount of data
that could be an issue in terms of
memory or communication
bandwidth. Further, LLF requires
precise calibration of sensors to
accurately fuse their perceptions
and it may pose a challenge to
handle incomplete measurements.
Although multi-source data can
be fused to the maximum extent,
there is data redundancy, which
results in low fusion efficiency.

Mid-Level Fusion (MLF)

Extracts contextual descriptions
or features from each sensor data
(raw measurements) and
subsequently fuses the features
from each sensor to produce a
fused signal for
further processing.

Generates small information spaces
and requires less computation load
than LLF approaches. Further, MLF
approach provides a powerful
feature vector and the features
selection algorithms that detect
corresponding features and features
subsets can improve the
recognition accuracy.

Requires large training sets to find
the most significant feature subset.
It requires precise sensor
calibration before extracting and
fusing the features from
each sensor.
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Perception(Vision) using Deep Learning — Example
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Tesla Autopilot driving environment as seen by the computer

(https://www.youtube.com/watch?v=zRnSmw1i DQ)




CAV Digital Infrastructure — Example of Vision System

3D Pedestrian & Vehicle Classification | Localisation | Trajectory Estimation | Speed Detection

Bird's eye view mapping 3D bounding boxes, speed detection, and angular trajectory estimation
Deep—Traffic mode 1 v Mg _'/‘/ Eﬂn‘;-: 8 W I ) (— "l._'-'r !E— : -»-

YOLO v4 - the video is part of our research conducted at the University of Leeds, Institute for Transport Studies, UK
(https://www.youtube.com/watch?v=8kPY1fQhZtk) g1




CAV Digital Infrastructure — Example of Lidar System
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Autoware (Architecture Proposal) by Tier IV source code at: https://github.com/tierd/AutowareArchitectureProposal.proj

(https://www.youtube.com/watch?v=si9gamz07LA)




Perception — Visual Odometry (Visual SLAM)

Stereo Visual Odometry
Dataset: KITTI Odometry 2012 - Sequence 15

https://www.youtube.com/watch?v=aEsjqgl NxxY




Perception — Visual Odometry (Lidar SLAM)

KITTI seq. 00
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LITAMINZ: Ultra Light LiDAR-based SLAM using Geometric Approximation applied with KL-Divergence - https://www.youtube.com/watch?v=cDpMtXU6gQU
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CAV Digital Infrastructure — Example of AI Control System

Recorded
Left camera \ [Center camera} [ Right camera J steering
wheel angle Adjust for shift Desired steering command
»>| . I
and rotation
Steering wheel angle 2 Network
(via CAN bus) Left camera } computed
> steering
( ) Random shift command '
\_Center camera_(} and woialion |1 CNN - > |
Right camera } ‘ | A
. Back propagation | Eror
External solid-state weight adjustment
drive for data storage
NVIDIA DRIVE™ PX
» Shift and rotate | : > CNN
Synthesized
L i —.image of road as
: would be seen from
Library of recorded test simulated vehicle Network
routes: videos and time- computed
synchronized steering ' - ‘ steering
commands Update car command
positionand =
orientation
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https://developer.nvidia.com/blog/deep-learning-self-driving-cars/




CAV Digital Infrastructure — Example of Simulation System

An Al learns to park a car in a parking lot in a 3D physics simulation. The simulation was implemented using Unity's ML-Agents framework

(https://www.youtube.com/watch?v=VMp6pg6 _Qjl) &) gn
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Research-to-Commercialization @EECi

Target: > 40 vehicles

SMART CITY

in service
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Questions / Answers

Thank you for your attention

Questions?
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