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» Truck Platooning
— [ICCAS ‘20][ICRA ‘22][DATE ‘23]

e Real-Time DNN Inference
— [RTSS "20][RTSS '22] [ICCAS 23]
Towards Safe and Efficient

* AUTOSAR System Optimization Embedded Intelligence
— [ICCAS '18][Appl. Sci. ‘20]

» Energy-aware System Adaptation
— [ISORC ‘21][TECS ‘23] Featured (more) Work and Life (more) Research Highlight (more)

» Autonomous Driving
— [TECS *21] [Appl. Sci. '22]

Home People Research Publication Courses

We are developing a 1/14 scale Demo video for “R-TOD: Real-Time
truck platooning testbed for the Working hard and having fun Object Detector with Minimized
evaluation of various safety together. We are hiring End-to-End Delay for Autonomous

measures for the truck platooning. prospective graduate students. Driving” in RTSS 2020



Software Engineering Standards in Automotive

» A-SPICE

« ISO 26262

« ISO 21438

« ISO/SAE 21434
« MISRA-C

« AUTOSAR




Automotive SPICE

System Engineering Process Group (SYS)

Acquisition Process
Group (ACQ)
ACQ.3 SYS.1
Contract Agreement Requirements Elicitation
ACQ-Q

Supplier Monitoring
.

SYS.2
System Requirements
Analysis

Process
Group (MAN)

I SYS.5
System Qualification Test

MAN.3
Project Management

MAN.5
Risk Management

SYS.3 SYsS.4
ACQ.11 MAN.6
Technical Requirements Sy-stem;;;tgm:ectural 5”‘:\'&2;?;:2‘;;3"“ Messurement
ACQ.12
Legal and Administrative
g3 Requirements Software Engineering Process Group (SWE)
ACQ.13 SWE.1 SWE.6
Project Requirements mwari::ﬁy:: FENCTIS Software Qualification Test
SWE.2 SWE.5
ACQ.14
Software Architectural Software Integration and
Request for Proposals Design Integration Test
SWE.3 Reuse Process Group
ACQ.15 SWE.4
Supplier Qualification Sf;:’ﬂ::g;‘ggg?:f" Software Unit Verification (REV)
REU.2
Reuse Program
Supply Process Group Supporting Process Group (SUP) e
(SPL)
SPL.1 SUP.1 SUP.2 SuUP.4 SUP.7 Process Improvement
Supplier Tendering Quality Assurance Verification Joint Review Documentation Process Group (PIM)
SPL.2 SUP.8 SUP.9 SUP.10 PIM.3
Configuration Problem Resolution Change Request *
Product Release Management Management Management Process improvement
Primary Life Cycle Processes | | Organizational Life Cycle Processes | | Supporting Life Cycle Processes




ISO 26262 Functional Safety Standard

1. Vocabulary

2. Management of functional safety

2-7 Safety management regarding production,

2-5 Overall safety management 2-6 Project dependent safety management operation serviceand decommissioning

3. Concept phase 4. Product development at the system level roduction, operation,
3-5 Item definiti eral topics for the product 4-7 System and item integ; semc_e and.
Eoiltentdeniton ent at the system level and testing decommissioning

7-5 Planning for production,
operation, service and
decommissioning

3-6 Hazard analysis and risk

4-8 Safety validation
assessment

3-7 Functional safety concept
7-6 Production

12. Adaptation of ISO 26262
for motorcycles

7-7 Operation, service and
decommissioning

12-5 General topics for adaptation
for motorcycles

12-6 Safety culture

12-7 Confirmation measures

12-8 Hazard analysis and risk
assessment

12-9 Vehicle integration and
testing

12-10 Safety validation

verification

8. Supporting processes
8-5 Interfaces within distributed developments 8-9 Verification 8-14 Proven in use argument
8-6 Specification and management of safety 8-10 Documentation management 8-15 Interfacing an application that is out of scope
requirements 8-11 Confidence in the use of software tools of IS0 26262
8-7 Configuration management 8-12 Qualification of software components 8-16 Integration of safety-related systems not
8-8 Change management 8-13 Evaluation of hardware elements developed according to I1SO 26262

9. Automotive safety integrity level (ASIL)-oriented and safety-oriented analyses

9-5 Requirements decomposition with respect to ASIL tailoring 9-7 Analysis of dependent failures

9-6 Criteria for coexistence of elements 9-8 Safety analyses

| 10. Guidelines on ISO 26262

I 11. Guidelines on application of ISO 26262 to semiconductors




ISO 21438 Intended Safety Standard

SOTIF related Hazard

Functional and = R ¥ e
System Specification : : Ident'fé(‘:,a;lf:t:;:]d Risk : :
Functional Modification
to reduce SOTIF risk
A 8
4 1
|7 .
| > 1 . Evaluate
s _f »: e Known
i % = Hazardous
: ¢S Validation Scenarios
EE \ Area 2
g g
Example of an Initial Starting Goal for the Finished ?,::2‘::::,;?::
Pointof Development Development s Validation strategy
Key o : v
1 known safe scenarios (Area 1 < N Validation
( ) __ ~ A of
2 ] known unsafe scenarios (Area 2) ' the
3 unknown unsafe scenarios (Area 3)
4 unknown safe scenarios (Area 4) e
Methodology and
Criteria for SOTIF
Release '




ISO/SAE 21434 Cybersecurity Standard

| 4. General considerations |

5. Organizational cybersecurity management
5.4.1 5.4.2 543 5.4.4 5.4.5 5.4.6 5.4.7
Cybersecurity Cybersecurity Information Management Tool Information Organizational
governance culture sharing systems management security cybersecurity
management audit
6. Project dependent cybersecurity management
6.4.1 6.4.2 6.4.3 6.4.4 6.4.5 6.4.6 6.4.7 6.4.8 6.4.9
Cybersecurity | |Cybersecurity Tailoring Reuse Component Off-the-shelf | |Cybersecurity| |Cybersecurity Release for
responsibi- planning out-of-context component case assessment post-
lities development
7. Distributed cybersecurity activities
7.4.1 7.4.2 7.4.3
Supplier capability Request for quotation Alignment of responsibilities
8. Continual cybersecurity activities
8.3 8.4 8.5 8.6
Cybersecurity Cybersecurity Vulnerability Vulnerability
monitoring event evaluation analysis management
Concept phase Product development phase Post-development phases
9. Concept 10. Product development 12. Production
9.3 10.4.1 13. Operations and maintenance
Item definition Design
13.3 13.4
9.4 10.4.2 Cybersecurity Updates
Cybersecurity goals Integration and verification incident response
9'_5 11. 14. End of cybersecurity
Cybersecurity concept Cybersecurity validation support and decomissioning
15. Threat analysis and risk assessment methods
15.3 15.4 15.5 15.6 15.7 15.8 15.9
Asset Threat scenario Impact Attack path Attack feasibility Risk value Risk treatment
identification identification rating analysis rating determination decision




AUTOSAR
= (<)

| Internet
Backend Systems ETSI
Road-Side Infrastructure -

Classic
AUTOSAR

Adaptive
AUTO SAR

IVI/ COTS
(Non-AUTOSAR)




Classic AUTOSAR

Application Layer

Runtime Environment

System Services Memory Crypto Off-board Communication
Services Services Communication Services
Services
Microcontroller Memory Crypto Drivers Wireless Communication /O Drivers
Drivers Drivers Communication Drivers
Drivers

Microcontroller




Adaptive AUTOSAR

p

User Application

Application

' AUTOSAR Runtime for Adaptive applications - ARA

POSIX Platform Foundation Functional Clusters (FCs)
PSE51/

C++ STL S () ()

Operating ) )
System Communication Execution Management Diagnostic Intrusion Detection
Interface Management ara:.exec Management System Manager

ara::com ara::diag ara:idsm
¥ ¥y ________________§ _________________|
Network Management Persistency Time Synchronization Cryptography
ara::nm ara::per ara:tsync ara::crypto
“\-- - /" v’\ ,/‘ - >
EEEsm s
Raw Data Stream Platform Health Log and Trace
ara::rds Management ara::log
ara::phm
A y y € A
¥ |
Firewall Core _
ara::fw ara::core .
-
\ \ VN

Platform Service FCs

Update and Config
Management
ara::ucm service

State Management
ara::sm service

Standardized
Appl/interface FCs

Sensor Interfaces
ara:adi::sensoritf service

>

Vehicle Service FCs

Vehicle Update and
Config Management
ara::vucm service

Base Software

POSIX OS




MISRA-C 4
| Secion | Title _______|#ofdirs

MISRA C:2012

7.1 The Implementation 1
7.2 Compilation and build 1
7.3 Requirements traceability 1
Code design
R R R
rules rules
A standard C environment 8.12 Expressions
8.2 Unused code 7 8.13 Side effects 6
8.3 Comments 2 8.14 Control statement expressions 4
8.4 Character sets and lexical conventions 2 8.15 Control flow 7
8.5 |dentifiers 9 8.16 Switch statements 7
8.6 Types 2 8.17 Functions 8
8.7 Literals and constants 4 8.18 Pointers and arrays 8
8.8 Declarations and definitions 14 8.19 Overlapping storage 2
8.9 Initialization 5 8.20 Preprocessing directives 14
8.10 The essential type model 8 8.21 Standard libraries 12

8.11 Pointer type conversions 9 8.22 Resources 6



AUTOSAR C++ Guideline

) Guidelines for the use of the
Document Title | C++14 language in critical and
safety-related systems

Document Owner AUTOSAR

Document Responsibility AUTOSAR

Document Identification No 839

Document Status Final

Part of AUTOSAR Standard Adaptive Platform

Part of Standard Release 17-10




E/E Architecture

CONVERGENCE INTO CAR NETWORK ARCHITECTURE

TODAY: = TOMORROW: - AFTER TOMOR
FLAT Logice DOMAINS ZONES

restructuri

Connectivity

Drivetrain |  Domain Infotainment
, Controller
'3 | ] l T-

Domain 4- “‘ Contral

Controller Brain{s)

oL,

Controller

— I—I

. <«

e

I—'._.
=4

Body & Comfort ADAS -> Autonomy : =l
o &
it

ROV

Logical: independent functions & SW Logical: system hierarchy, specific OSes Logical: multi-system server(s), one OS
Physical: ad-hoc connect [+GW hub] Physical: system hard separation Physical: function-independent rewire

SINDACO - NXP - PUBLIC

NXO




Organizations and Groups

« ARTOP: AUTOSAR User Group for Tooling

« COMASSO: AUTOSAR User Group for Reference Implementation
« COVESA: Connected Car Alliance

» SOAFEE: Open Architecture for Software Defined Vehicles

* Eclipse SDV: Open-Source Projects for Software Defined Vehicles




Truck Platooning

 Trucks maintain very close gap (e.g., 12.5 m at 90kph)
* LV is driven by a human driver
« FVs are autonomous

PLATOONING

Saves 10~15% of fuel consumption due to improved aerodynamics from reduced air resisicnee
Increases safety indeng-haul operations by reducing driversfatigte inthefoliowing vehicles




Perception in Truck Platooning

V2V module
antenna

* Lane Detection
» Target Tracking
* Sensor Fusion

” 7
e
Controller

(MicroAutoBox Il)

Sensors Our perception system Decision & control Actuators

Longitudinal distance to the target vehicle

Lane detection with dynamic ROI

N .
Camera — Dynamic ROl — Lane detection — Target vehicle
identification

T L Decision —p Control

Object detection and tracking

—>  Steering

— Acceleration

Radar % Object detection —p Object tracking ——— Sensor fusion

L—)  Braking

T




Lane Detection

» Determines the ROI (Region Of Interest) based on the dynamic
distance to the front truck, which is acquired by the radar sensor

Dynamic ROI Static ROI

N




Target Tracking




Real-World Truck Platooning (2020)

o
HppPering in the we

This video includes directing forthgpiatooning technology
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» Scale truck platooning testbed
— We can no longer access the real trucks

— We want to test crazy (dangerous) scenarios not possible with real trucks

Hyeongyu Lee, Jaegeun Park, Changjin Koo, Jong-Chan Kim, and Yongsoon Eun, Cyclops: Open Platform for Scale
Truck Platooning, IEEE International Conference on Robotics and Automation (ICRA 2022), May 2022.
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https://arxiv.org/abs/2202.05385
https://arxiv.org/abs/2202.05385

Virtual Track Design O

RoadRunner
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Carla-based Virtual Track Simulation




eal-World Pavement Construction
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Proving Ground
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Virtual Track vs. Real Track




Truck Development

« Sensors: Lidar, Camera, and Encoder

« Computers: High-level controller and low-level controller
 Actuators: Steering motor and driving motor
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Overall Architecture

 High-level Controller (Nvidia Jetson AGX Xavier)
— Perception and lane keeping control

 Low-level Controller
— Gap control and velocity control
— Motor control (PWM controls)

Lv Perception FV1 Control FV2
Sensors High-level Controller Low-level Controller Actuators
e e Tl T
Image,_ Lane curvature, | Lane Keeping | steering | Steering pwm | Steering
Camera > . > Angle * g
: Detection Control | ? Motor Control : Motor
| f Current Gap Distance [ |
Reference Velocity, Lidar Points Obstacle Current Gap Distance ! | Gap I Reference Velocity,
IOt Cop RS %) | |__Detection | Control | | _Target Gap Distance 2))
Ly l : * Reference Velocity
Current Velocit Velocit i
Encoder urrent Velocity ( : 5 Yy |
| Control |
| * Throttle Value |
V2V V2V LV's Reference Velocity, Target Gap Distance : Driving Motor | pwm " Driving V2V
I Control l Motor

Target Velocity, Target Gap Distance

( Control Center



Lane Detection

 Use the conventional histogram method
— The track lanes are relatively easy to perceive

« Lidar-based dynamic ROI setting
— For reducing noises by the preceding trailer

« It had to be optimized for various lighting conditions







Lane Keeping Control

» Determine the desired path by observing lanes
 Control the steering angle to follow the desired path

[ a; b,’ Ci

0 —1.1446 x 10— | 0.048278 —47.94

1 —2.0975%x 107> | 0.08152 —76.87

2 —1.0444 x 1073 0.043253 —42.3682

—_—K ||
eq l 0.15 Ky
0.1F
: 0.05 : : : : : :

Desired Path 0 0.2 04 0.6 0.8 1 1.2 14

Velocity [m/s]

. e, = Lateral Position Error l;
| : . e, ~eq — (LpX(37))
. e, = Preview Distance Error Iy

. 0 = Steering Angle 6 ~ (—Kyxey) + (—K;xeq)



Gap Control

* FF (Feed Forward) + PD (Proportional-Differential) controller

_______________________________________________________________________________________________________________

; FF PD  Kgp, (diCk) — dike — 1)) ;
v Up, l(k) = [vrl 1(k)] KGP idi(k) - T i
: S I
g LY A i =0(LV),1(FV1),2(FV2) |
| di(k) = dr;(k) — di(k) v,; = velocity reference :
: K¢pi Kgp i = control parameters :
! max . max GP,i» R GD,i p ,
! Vr ! lf Uri = Vr d; = current gap distance :
i Sati(v,ﬂ,l-) = 0, ifv,; <0 d,; = target gap distance |
! Vy i, otherwise d;, =gap tr_ackir_lg error i
: ’ T, = sampling time -
. Gap
Gap Distance — Control
Target Gap Distance, Target Velocity — Reference Velocity
Current Velocity — \g:zfr'g — Velocity control input




Velocity Control

* FF (Feed Forward) + AWPI (Anti-Windup-Proportional-Integral)
controller

_______________________________________________________________________________________________________________

i FF j<k=1 AWPI j=k
i uv,c,i(k) = [KF,ivr,i(k)] + KA,i (av,c,i(i) _ uv,c,i(j)) _ KP,iﬁi (k) o Z KI,iﬁi (j)Ts
i j=0 j=0
- (k) = vy (k) — vi(k) i = O(LV),1(FV1),2(FV2) '
! u, .; = velocity control input
VI, if ug, e = VT Kri Kpi K Kp :
: . " = control parameters ;
. sat; (uv,c,i) = 0, if Up,ci = 0 v; = current velocity !
! Uy cir otherwise v,; = reference velocity ;
! v; = velocity tracking error
''''''''''''''''''''''''''''''''''''' é""'""""""""Ts'E&h’rﬁ’ﬁl’ih’jiiﬁié""""""""'

Gap Distance ——»* Cor?trr)ol

Target Gap Distance, Target Velocity —— + Reference Velocity
Velocity

Current Velocity — — Velocity control input

Control




Scale Truck Platooning (ICRA 2022)

Cyclops: Open Platform for
Scale Truck Platooning

Hyeongyu Lee', Jaegeun Park®, Changjin Koo', Jong-Chan Kim', and Yongsoon Eun®

'Kookmin University, Graduate School of Automotive Engineering
2DGIST, Department of Information and Communication Engineering

ZoICye[m DGV

KOOKMIN UNIVERSITY 3=1ED =3




DESIGN, AUTOMATION & TEST IN EUROPE

17 — 19 April 2023 - Antwerp, Belgium

The European Event for Electronic
System Design & Test

Phalanx: Faillure-Resilient Truck
Platooning System

Changjin Koo! , Jaegeun Park? , Taewook Ahnl, Hongsuk Kim! , Jong-Chan Kim! , Yongsoon EunZ

1IKookmin University, Republic of Korea
2DGIST, Republic of Korea
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System Model

« One LV and two FVs (FV1 and FV2)
 Four sensors in each truck

(1) Lidar Forward object detection and gap measurement —

(2) Encoder Measurement of the vehicle's current velocity L Three essential
(3) Front-facing camera | ane detection and lateral control B Sensors

(4) Rear-facing camera

Rear view monitoring — Non-essential in normal driving




Sensor Failure Scenarios

« Six single and dual sensor failure scenarios are considered

3 Lidar failure

" Encoder failure —  Single sensor failures

a Camera failure

J \

e Lidar + Encoder failure

=  Encoder + Camera failure —  Dual sensor failures

3 Lidar + Camera failure

1l
COPODG

+ + +

@PW




Experiments

« Implementation
*  1/14 scale trucks = Computing platforms

v" High-level controller
- Front-facing camera

: NVIDIA jetson Xavier
Qe

@ v Low-level controller
 Encoder | : OpenCR 1.0

=  Proving ground

= = Software platforms

Iﬂ #ROS GO
Moy S e roads OpenCV

Source: H. Lee, J. Park, C. Koo, J. -C. Kim and Y. Eun, "Cyclops: Open Platform for Scale Truck Platooning," 2022 International Conference on Robotics and Automation (ICRA), 2022, pp. 8971-

N\™7T™7
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System Architecture (Normal)

LY 2)

- Control Fv 1

Front-facing

Lane Lane curvature
Detection

Camera

Rear-facing

Camera
(for Fva)

LV reference velocity

V2V receiver

A

e Reference gap
e LV reference velocity

Lane-keeping
Control

Sensors Reference gap
i ¥ Obstacle Gap Gap .
Lidar Detection Measurement Gap
| Control
- . v Reference velocity 'EI r— i\ EtEa_tO_rE —n
Encoder Velocity Velocity
Measurement 1 Velocity PWM »|  Driving Motor
Control

PWM

» Steering Motor

V2V sender

e Reference gap
¢ Reference velocity

Normal Situation

A 4
[m]
J/




System Architecture

LY 4))

(@)

0
Sensors Reference gap
e e Obstade |Obstades ,|  Gap Gap ‘ ¥
|‘ Failure » Detection Measurement > Gap
I I Actuators
Velocity Velocity y -  rEe==m===— a
I '

[ e T vy o | oo |
| | Control I
| |
|| Front-facing L Lane curvature _ WM |

Detection Lane-keeping I . I
| camera | Control Steering Motor |
I N e [ AR ) Su—————— 3
| B
Il Rear-facing ||
| camera |
| (for FV3) I )
e m— X LV reference velocity IE‘

V2V receiver V2V sender
A
¢ »e
Reference gap Reference gap
LV reference velocity
\.

Lidar Failure Situation




System Architecture ((®)

LY )

Perception
- Backup Sornte 1 N\ : Failure % : Failure Protection Module
N
]
Sensors Reference gap

el s Obstacle |Obstades Ga :

| = | > o >

|‘ Failure | Q‘ » Detection Measurement o Gap

| | ap | Control

| | ! ,

| | - . H < Reference velocity EI -— A EtEa_tO_rE —

| Encoder | Velocity Velocity : ) oM | |

| I Measurement : Velocity t»| Driving Motor | |

| | i Control | I

! | |
| I I
|| Front-facing I Lane curvature ! ) | |
H Lane-keeping PWM | Steering Mot |

| camera | : Control > eering Motor |

| | = e .

|| Rearfacing || | | t2M@9 , Gap Estimation |

[ camera I i (t(grafil,?r) i

| (for FV2) | _

 p————— i LV reference velocity RN A H E

V2V receiver V2V sender
A
. < A F V
Reference gap Reference gap ))> 2
LV reference velocity Reference velocity
N v,
Lidar Failure Situation Lv? T v 'J
O ( @@ OO0



Gap Estimation for ®

« Estimate gap distance in case of lidar failure @
(1) Bounding box detection through 2D object detection
(2) Bird's-eye view (BEV) transformation
(3) Count the number of vertical pixels to the preceding trailer
(4) Convert the number of vertical pixels to distance (ratio = 490 pixels : 1m)




Gap Estimation for ®

« Estimate gap distance in case of lidar failure g [fl%‘”_@@i
(1) Bounding box detection through 2D object detection

(2) Bird's-eye view (BEV) transformation
(3) Count the number of vertical pixels to the preceding trailer
(4) Convert the number of vertical pixels to distance (ratio = 490 pixels : 1m)

.82 m
0.83 m




System Architecture (Normal)

LY 2)

- Control Fv 1

Front-facing

Lane Lane curvature
Detection

Camera

Rear-facing

Camera
(for Fva)

LV reference velocity

V2V receiver

A

e Reference gap
e LV reference velocity

Lane-keeping
Control

Sensors Reference gap
i ¥ Obstacle Gap Gap .
Lidar Detection Measurement Gap
| Control
- . v Reference velocity 'EI r— i\ EtEa_tO_rE —n
Encoder Velocity Velocity
Measurement 1 Velocity PWM »|  Driving Motor
Control

PWM

» Steering Motor

V2V sender

e Reference gap
¢ Reference velocity

Normal Situation

A 4
[m]
J/




System Architecture

LY )

i

- Control 1 N\ : Failure
N
5
Sensors Reference gap
i- ______ -i Obstacle Gap Gap -
| Lidar I Detection Measurement Gap
| | | Control
| | >
I . | ® Velod ¥ Reference velocity EI -— A EtEa_tO_rE —_
I Fa'l&ure -l% > Measurement > Vd(x:-ty PWM ! > i l
I | Control t»  Driving Motor | |
| I I I
| | Lane Lane curvature I I
|| Front-facing [ - urvatur ) oM
Detection Lane-keeping L] Steering Mot I
I camera I Control | eering Motor |
| | b~ -
|| Rearfacing ||
| camera |
fi
!_ — _(OL}ZZ)_ — _! LV reference velocity E
V2V receiver V2V sender
A
® »e | ) FV
Reference gap Reference gap ))> 2
LV reference velocity Reference velocity
\ _J
Encoder Failure Situation a7 l
O =00 OOO



System Architecture (@)

O
Sensors Reference gap
i_ -i Obstacle Gap Gap ;
| Lidar I Detection Measurement [ 1 Gap
| | ! B Control
I I | >N
| R I (F) Velod ! v Reference velocity D F— A EtEa_tO_rE —n
o thy 1
I Fa'“ure I 3& v Measurement H X Ve|0city PWM !k .. l
| | i I f»| Driving Motor | |
I ! Control
| | : elocity I I
| I I :
|| Frontfacing ! Lane curvature i ) PWM | |
Detection ! ' Lane-keeping s Steering Motor | |
I camera | : i Control | g |
| | ! i L 4
| | 1 tcurvature, Y ° @3 T T
Il Rear-facing || d ]
I camera | ! :
for FV '
!_ — _(OL _2)_ — _! LV reference velocity i SO : i |E|
LV Ve|oc]ty v= -’: Ve|0C|ty Est|mat|0n :--‘I
A n_ 0%
1
1
V2V receiver | V2V sender
A
cv ) | | ) 7
v )) Reference gap Reference gap )) 2
LV reference velocity Reference velocity
LV velocity
\ _J

Encoder Failure Situation ﬂ e [
O

meie; OOCJ



Velocity Estimation for @

« Estimate velocity in case of encoder failure
(1) Predict velocity through gap distance and velocity of preceding truck

— d;(k)—d; (k-
T = via (k) == CRNCED.

v;(k) : Estimated velocity

T : Sampling time

Encoder;_4

(2) Remove noise by applying the first low-pass filter to the predicted velocity

:
(r x D,(k = 1)) + (T, x B;(k) )

T + T
KEi(k); if k=0 p;(k) : Filtered estimated velocity

C ifk>0

.\

D; (k)




System Architecture (Normal)

LY 2)

- Control Fv 1

Front-facing

Lane Lane curvature
Detection

Camera

Rear-facing

Camera
(for Fva)

LV reference velocity

V2V receiver

A

e Reference gap
e LV reference velocity

Lane-keeping
Control

Sensors Reference gap
i ¥ Obstacle Gap Gap .
Lidar Detection Measurement Gap
| Control
- . v Reference velocity 'EI r— i\ EtEa_tO_rE —n
Encoder Velocity Velocity
Measurement 1 Velocity PWM »|  Driving Motor
Control

PWM

» Steering Motor

V2V sender

e Reference gap
¢ Reference velocity

Normal Situation

A 4
[m]
J/




System Architecture
 pennon.

LY 4))

Sensors

Control

C

N\ : Failure

=

Encoder

Failure

Rear-facing

Camera
(for Fva)

Obstacle
Detection

Lane

V2V receiver

A

Reference gap

LV reference velocity

\ 4

Gap
Measurement

Velocity
Measurement

y

Reference gap

v

Gap
Control

Reference velocity

)

Actuators

LV reference velocity

Velocity A 2 i- ________
\éelot? |t;|/ PWM p» Driving Motor
ontro I
Lane curvature | I
| angeeping all L Steering Motor
g

V2V sender

e Reference gap
¢ Reference velocity

Camera Failure Situation




System Architecture (@

>l
Sensors Reference gap L]
i_ -i Obstacle Gap -
Lidar Detection Measurement Gap
I I | Control
| | >
| | - . v Reference velocity EI — A EtEa_tO_rE —
1 a4 .
| | Measurement \éilrc:if:g t»| Driving Motor | |
| | . I I
| s | @ ! | |
I F . | Lane . Lane curvature R | |
-'% > - »  Lane-keeping PWM | :
| aﬂgﬁa‘“@ | Detection ! I»{ Steering Motor | |
| i Control H | |
| | i : b= -
| Rear-facing || i i
I camera I ! i
for FV

!_ — _(OL _2)_ — _! LV reference velocity i PWM E

: i H

1 1

: P e = b :

| Target locaton o TargetTracking |

1 L.
V2V receiver | _______________ L Lvrearfacing cameraimage R %””0' ' V2V sender
7'y e e —— o
LY . ) o e | o ) FY
v )) Reference gap Reference gap )) 2
LV reference velocity Reference velocity
\_ LV rear-facing camera image °)

Camera Failure Situation ﬂ
O



Target Tracking Control for ®

»  Control mode change from lane-keeping to target tracking ! Ml— 1
@~ 0 OO0

DO

g

Lane-keeping control Target tracking control



Target Tracking Control for ®

« Issue: off-tracking phenomenon of semi-trailer trucks

- = lidar plane
® Trailer's center point
® Lane’s center point

H Trajectory of the steering axle of tractor
\

------ Trajectory of the rear bumper of trailer

Low-speed
D¢ . Offtracking

Off-tracking phenomenon of semi-trailer truck Target tracking control considering off-tracking problem

Source: Y. Lee, T. Ahn, C. Lee, S. Kim, and K. Park, “A novel path planning algorithm for truck platooning using V2V communication,” Sensors, vol. 20, no. 24, p. 7022, Dec. 2020.



Target Tracking Control for ®

« Solution: offset correction by utilizing LV's rear-facing camera
(1) Reverse lane detection from LV’s rear-facing camera
(2) Offset calculation between trailer's center and lane's center
(3) Following the lane’s center (instead of trailer’s center) by applying the offset

LV rear-facing camera’s image FV1 front-facing camera’s image

® Trailer’s center point
e Lane’s center point
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Lane & Gap Estimation for ® + ®

= Lane estimation
(1) Calculate the heading angle of the ego tractor
(2) Align and detection lanes

= (Gap estimation (to tractor)
(1) Calculate the distance (same as the gap estimation method in G)




Lane & Gap Estimation for ® + ®

= Lane estimation
(1) Calculate the heading angle of the ego tractor
(2) Align and detection lanes

= (Gap estimation (to tractor)
(1) Calculate the distance (same as the gap estimation method in G)




Evaluation: Six Failure Scenarios
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Conclusion

« Presented failure-resilient truck platooning architecture without sensor
redundancy using the unique driving pattern of platooning trucks

« Six failure scenarios are considered including three single sensor failures
and three dual sensor failures

« Mitigation methods for each scenario is actually implemented and
evaluated on our 1/14 scale truck testbed



Virtual Truck Platooning

Emergency Stop
Target Velocity
Target Distance

Mode v Mode FV1 Mode FV2
Target Velocity e | 40 m/s Target Velocity s 40 km/h Target Velocity f 40 km/h

Current Velocity [N 39.57 km/h  Current Velocity [N 39.87 km/h Current Velocity [ 40.07 km/h

Target Distance m—— ~  14m Target Distance = = 14 m Target Distance === = 14 m

Current Distance 0m Current Distance _ 13.99 m Current Distance _ 1417 m

ithub.com/Aveesl ab/carla-virtual-platoon



https://github.com/AveesLab/carla-virtual-platoon

Emergency Braking Scenario




Cut-in and Cut-out Scenario




Emergency Lane Change Scenario
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