ICS/SWE graduate seminars

Automotive Al: From Situational
Awareness to Automation and Dr. Alaa Khamis

- = = Dr. Alaa Khamis is an Associate Professor in the Department
O ptl m IZatl 0 n of Industrial and Systems Engineering and Director of the Al
for Smart Mobility Lab at the Interdisciplinary Research Center
for Smart Mobility and Logistics at KFUPM. Before joining
KFUPM, he was the Al and Smart Mobility Technical Leader at
General Motors. He also serves as an Adjunct Professor at
the University of Toronto and Ontario Tech University. Dr.

Al has become a cornerstone of innovation across the automotive ecosystem — from
vehicle design and manufacturing to operation, update, and end-of-life management.
This talk explores how Al technologies are redefining the way vehicles perceive,

d_ecid_e, act, and learn. It highlig_hts three fur]dgme_ntal patte_rns of AI application: e e s ered HrEs hanle £l eEr 50 eclar e
situational awareness, automation, and optimization. The discussion covers how Al papers in refereed journals and conferences, and holds 72
enhances situational awareness through intelligent sensing and perception, enables U.S. patents, trade secrets, and defensive publications. He is
automation across both physical and digital processes, and tackles complex the author of Smart Mobility: Exploring Foundational
optimization problems in mobility, logistics, and infrastructure. The talk concludes by Technologies and Wider Impacts and Optimization Algorithms:
reflecting on the technical, ethical, and operational challenges that must be Al Techniques for Design, Planning, and Control Problems.
addressed to fully unlock Al's potential as a transformative enabler of next-generation His research focuses on the intersection of Al and mobility
mobility systems. systems, services, and business models, addressing

challenges such as seamless integrated mobility, contextual
observability in software-defined vehicles (SDVs), and

I optimization in mobility, logistics, and infrastructure. He is the
aoo ® @ recipient of the 2018 IEEE Member and Geographic Activities
(MGA) Achievement Award, the Best Paper Award at the 2023
November 2-30-3:45 PM 292127 IEEE International Conference on Smart Mobility, the 2022—

2024 GM Ciritical Talent Award, and first place in the 2025
Sustainable Solutions for Pilgrims Challenge.

3, 2025
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I Outline

» About Al for Smart Mobility Lab
» Automotive Al

» Situational Awareness

» Automation

» Optimization

» Potential Barriers




Al for Smart Mobllity
Lab at KFUPM
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Mission
» Our mission is to advansmart mobility as a transformative enablesatainable

development

» Our research focuses on thersection of Al and mobility systems, services and

business models
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Smart Mobility

DIGITAL ECONOMY SERVITIZATION

SHARING ECONOMY

MOBILITY-AS-A-SERVICE SHARED

MOBILITY

FIRST/LAST MILE
TRANSPORTATION

ﬁ FIRST  MIDDLE  LAST
MILE MILE MILE

LAST MILE
DELIVERY

& @ A

INTELLIGENT
TRANSPORTATION SYSTEM
(ITs)

DIGITAL MOBILITY PUBLIC TRANSIT

=

GIG ECONOMY

MICRO
MOBILITY

E-MOBILITY

UNIVERSAL
BASIC MOBILITY

PASSENGER ECONOMY

URBAN AIR MOBILITY WATER TAXI

CONNECTED
MOBILITY

ASSISTED AND
AUTOMATED MOBILITY

Alaa Khamis and Suzette Maé&igart Mobility for Sustainable Development Goals: Enablers and,8&h&HEEE International Conference on Smart Mohb#d23

© Alaa Khamis
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https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=10112562
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I Ongoing Projects

A Title: Contextual Observability of Software ATi tAogee n t-h acs eAd
e Hual Lbservabiity W SEAMLESS INTEGRATED J
Defined Vehicles MOBILITY Framewor k for S|

SDV CONTEXTUA
OBSERVABILITY

A Objective: Develop a testbed for software AObj ecDeweel:op as

defined vehicle (SDV) contextual observabili platform that ir

_ transportation ¢
A Collaboration: IRC SML and auto OEMs,

NGOs and Suppliers

ACol | ab ®RICRtCi, oMl T

LAST MILE A Title: SmartDispatchAl-driven Optimization A Title: Enabling Cybersecurity

DELIVERY for Eco-Efficient LastMile Delivery

A Objective: Develop an Adriven routing model
o for ecoefficient lastmile delivery.
!

Adaptation in Software Architecture
Objective: Develop as a unified
platform that integrates multimodal
transportation options.

A Collaboration: IRC SML KFUPM

A Collaboration: UAB, Chile



I Collaboration & Facilities

Institute of

Technology 9::‘::‘::":1': TRANSPORTATION INSTITUTE

III-- Massachusetts JTL T 1T )))
wﬂwmushmw

UNIVERSITY OF " . ) Universidad
_.a:_ TORONTO OntarioTech @ Andreés Bello-

UNIVERSITY

N cOoXConNn © Pl R/

MAXNERVA CTAG LIDAR i

CAMERA /

For More information

G&b YO“ @0 Medium

https://www.adsm.org/ https://github.com/adsmlab https:// www. y4SuM U bae.hitps/medmA.com/aidsm 8 |



https://www.ai4sm.org/
https://www.ai4sm.org/
https://www.ai4sm.org/
https://www.youtube.com/@AI4SM_lab
https://github.com/ai4smlab
https://github.com/ai4smlab
https://github.com/ai4smlab
https://www.youtube.com/@AI4SM_lab
https://www.youtube.com/@AI4SM_lab
https://www.youtube.com/@AI4SM_lab
https://medium.com/ai4sm
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IAutomotive A |

ADisruptive Mobility Platforms
AShared Mobility
AMobility-asa-ServiceNlaa$
AMobility on Demand (MOD)

AConnected Mobility
AAutomated Mobility
AE-Mobility

Smart
Mobility

APIess

Smart
Mobility

City Planning

Alntelligent Infrastructure AMicro-mobility

Governance

ASeamless Integrated Mobility (SIMS)
AlLastmile Delivery
AVenhicleasaService\(aa$

AGig Economy and Passenger Econo

ptors

AActive, Soft or Zerampact Mobility
Alnclusive Mobility
AContext Awareness Systems (CAS)

J

Technology | pisry
Enablers

Foundational
Technologies
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IAutomotive A |

» Market Size

Market Forecast to grow at a CAGR 015.3%6

USD 18.83Billon

2025

USD 38.45 Billon

2030

SourceResearch and Markets

($ Millions)

$16,000
$14,000
$12,000
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u Software

= Semvices
= Hardware

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Aut omotive Al Tot al Rev ued S5y a S e gt
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https://www.marketsandmarkets.com/Market-Reports/automotive-artificial-intelligence-market-248804391.html
https://www.tractica.com/newsroom/press-releases/automotive-artificial-intelligence-revenue-to-reach-14-billion-by-2025/

I Automotive Al

Manufacturing

A Industry4.Q Mass Customization

A Additive Manufacturing

A Robotic Process Automation
(RPC)

A Quality Control, Calibration, Test
Automation, Assembly Line
Balancing, etc.

Desi gn
AGenerative Design
AEngine Efficiency

ANew materi al
characteri zat.
ABattery Design, etc? NN

S
e
ACrash Analysis
d
i

Disposal and Recycling

A Predicting Battery Life

A Reduce Battery Ownership Cost

A Battery Recycling and-Based Sorting

A Waste Management and Recycling, etc.

”‘ Disposal and
‘ ’ Recycling

2
N O

Operation

A Perception A Predictive Infotainment

A Diagnostics & Prognosticd Digital Companion

A SDV Observability A Dispatch and Routing

A Localization A Online Optimization

A Mapping A Supply Chain Management

A Behavioral Control A Fleet Management

A Planning A Crowd Intelligence

A ADAS and ADS A Data/Experience Monetization

Feedback and Updates

A Intelligent Agent Assistants

A Sentiment Analysis

A Customer Churn Prediction

A Automated Claims Processing
A Dynamic Pricing

A Incentive Optimization

A Personalized Loyalty

A Personalized Marketing

A Retail Support Bots

A Demand Planning

A Supply Chain
Management

A Legal Analytics, etc.

12



© Alaa Khamis
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Automotive Al

US 11827117 B2

A Edge Al

A Connected
Mobility and HMI

A Active Safety

A Assisted and |
Automated Drivin

s 4 s e A Softwaredefined
7Patents., ' Qw-3'§@®ﬂ£”QEHMMS

trade secret.s

13


https://alaakhamis.org/publications.html
https://alaakhamis.org/publications.html
https://alaakhamis.org/publications.html

Automotive Al
» The Three Patterns of Al
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_APhysical Process
"ADigital Process A

A Projection
AComprehension
A Perception
ASensing

A Foresight
Alnsight

A Oversight
AHindsight

A Design Problems
» APlanning Problems
A Control Problems

14



Situational Awareness




| tuati onal Awar eness: SA Lev

2025KFUPM
© Alaa Khamis

e A V(I;RU inte_ntI (crossing inte_n_t, Decision
. Frojecton adversaria mtgnt recognition, Making/Support
e bullying behavior)
Status of entities in the i :

T near future and A Nearmisses detection A Act o
B bossible consequence% Predict risk of collision with VRU IAC:]'tVa]fe Wa:j”'”tg_s'gns ¢
i—1: . . ights for pedestrians an

i Predict traffic flow cyclists if a jaywalker is
= T detected.
| 8 AVRU crossing r ecag hiPrecrash warning
| % L2: Comprehension A ot her vehicles man duieress waffic turn
G Relate Situation recognition collision risk warning
| 5: Entities Asignal phase ang t iAeraﬁe@ldcﬁ‘d%W
- pedestrian fl as |ngpﬁ9vegﬁ@mstatus
g T A Recommends actions tc
] g _ A VRU (vehicles, pedestrians, cyclists, the driver, such as
= L1: Perception jaywalker, wheelchair, kids) braking or adjusting
N Identify Situation A Traffic signs and pedestrian signs course to avoid a
Entities A Lane markings, lane layout, collision.
crosswalks A Apply AEB

A Vehicle onboard sensors
LO: Sensing (Cameras, LiDAR, etc.)

A Infrastructure (Camera, LiDAR,

Collect Relevant Data smart traffic lights, HD map)

16




Value/Competitive Advantage
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I Situational Awareness:

hd Lines of Sight
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What

happened?

e

&

NJ

Descriptive Analytics

Why did it
happen”

What will
happen?

Predi

[
C\

D

» Prescriptive Analytics

What should we do to
get the best result?

Recommending specific
interventionssuch as changing
traffic light patternsncreasing
police patrolsyr improving road
conditions in areas predicted to
have a high risk of accidents.

7
Foresight

ctive

\J
.

Anal ytics

Diagnostics Analytics

13 § § §
1111

Oversight

[\
****************

Predict the likelihood of accidents in different areas at
different times and weather conditions.

v

Cleaned data
Raw data

» Traffic accident data

Root causes of high accident rates at
conditions, weather conditions, road
Most common times for accidents, types of vehicles involved, or locations/
hotspots with the highest accident rates

177

» Difficulty

>




2025KFUPM
© Alaa Khamis

I Situational Awareness: VRU Intent Prediction

Vehicle

speed*® Transformer

Local
context

Vision Transformer
Transformer Encoder

Enhanced Frames

Crossing
0/1

Global
context

Vision Transformer
Transformer Encoder

Pedestrian Crossing Intent Prediction using Vision Transformers

AAhm&d gazwyhal id Elgazzar, Al aa Khar
I ntentions in AdAtreet Wemat Medelws t h
I ntelligent TranB@gPLbati on Systems
AAhme &l §alkovys a Mailddi AamErlamo g h aGhyadeer £
Austin Page, Alaa Khamis and Khal/
VRU Detection in Chall eng@idng Weat h

18

Foggy weather Rainy weather

Nighttime Clear weather

Inclement Weather Perception
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I Situational Awareness: SDV Observability

Backoffice Cloud Services

ft Cloud Native Development Cloudto-Vehicle
SEC
| DEV%o’é 0PS g
ot MoNIToR Upgrading..

SOA SW Architecture (SOAFEE Compliant)

Application Processor Safety island

High Performance Compute I

Zonal Controller

Safety App| | Safety App ASIL B, C, D (ADAS) ASIL A (V2X) Safety Safety
A B App Apps Monitoring
i Container .

End |, Zone : Zone _ | End ; i i ) | AUTOSAR RTE
Nodes © ”  Gateway | Gateway |* A Classic AUTOSAR RTE Container Runtime Runtime Classic AUTOS

A i A

Basic Soft Mi ddI ewa Middleware Basi c
ASIL B OS QM OS
ASIL D RTOS

A v q
= 4 Zone Zone [End Safe RTOS Hypervisor
Nodes ~  Gateway Gateway | Nodes
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I Situational Awareness: SDV Observability

» SDV 3.0 Zonal Architectured SoftwareDefined Vehicle: Promises

Faster Time to Reduced | ncreased Continuous
Market Agile Approach Development Cost Scal abi | i tRevenue Streams
SEC. g S ., %
v.
DEV Vé'a OPS \ $
?, 0 " \\
%
qest MONITOR
|
AWeeks to months SDV supports an agile approach by SDV enables hardware anLl SDVs enable ADigital value stream
instead of 3 years. enabling MVP development and software platform reuse scalability by allowing
_ _ _ . APostsales revenue from
AAccelerating the continuous improvement, replacing across vehicle model year the same code to be Feature subscription
R&D cycle the traditional FirstimeRight upgrades and segments, used across all car (Featureasa-Service
through Virtual model. reducing development effort models, unlike Faa$
Models, enabling and costs. traditional Ac g o
. ustomer data can be
earlystage architectures that Used to create
innovation and i
require separate code :
development C: hp del personalized offers that
(SHIET LEET). Oor each model. increase customer loyalty

20
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I Situational Awareness: SDV Observability
» SDV 3.0: Zonal Architectured SoftwareDefined Vehicle: Challenges

Increased High Maintenance Dependency on Cybersecurity
Complexity Safety and Reliability Efforts Connectivity Risks
g ™ o S al

Gl

e 6o 59

i @ *%k%k%*
| | | | |
Numer ous With the integration of software The maintenance of SDVs SDVs often rely on AWith more software comes
het er og e n oiate safetycritical systems, thé&an involves not just the hardware constant or periodic greater exposure to cyber
di stri but ed imherdntriskahatesoftware bugs or but also continuous software internet connectivity, threats.
component s .failures could lead to safety issues. updates, patches, and for updates, rga'me AEach component
debugging. This requires data processing, and represents a potential entry

functionality like
OTA (OverTheAir)
updates.

specialized knowledge, point for hackers, which
potentially increasing can lead to vulnerabilities
operational costs and the in critical systems like

need for skilled personnel braking, steering, or even
data privacy breaches.

21



I Situational Awareness: SDV Observability

E\\—\? ﬁ ! :

Developers Microservices

Sof t-dvafriened Ve i+ ¢cic (SDV)
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© Alaa Khamis

SRE

Operati onal

Dashboar d

A

Observability Data Collection

Is something Where is it What
happening? happening? happening?

Contextual information (SLOs, OTA updates, network

A4

Contextual Observability

Continuous

Monitoring

conditions, peak loads, service deployment zone, etc.)

A 4

Automated Incident |

Response

| ssue/ AN o me
|l denti ficat

A 4

Detected
issues/
anomalies

Causal Inference

Underlying causes and

contributing factors

Alaa Khamis and Partha Goswami. Rethinking Vehicle Architecture Through Softwarization and Servitization. IEEESAccess,

22
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Automation

Physical Process Automation

A Embodied/Physical Al

(@\ Digital Process /

A Agentic Al

A Mobility platform manufacturing (robotic welding, A Robotic Process Automation (RPC)

assembly and painting, automated material
handling, automated quality inspection)

A Automated public transport

A Automated people movers (APM)
A Smart parking systems

A Smart intersections

A Selfflying vehicles

A Selfdriving vehicles

A Streamline content creation

A Intelligent agent assistants/ Conversational agent:
(Chatbot such as Retail Support Bots)

A Q&A engines

A Recommendation engines to generate personaliz:
recommendations.

A Digital Goto-Market (online booking and online
shopping, etc.)

A Digital twins &



Automated Mobility

» Automated Mobility: A Comparison between Aviation and Automotive

Self-driving

Self-flying

Alaa Khamis and Partha Goswariiitomated Mobility: A Comparison Between Aviation and Autoddtive2023IEEE International Conference on Smart Mobility.

20XK%UPM
E Al aa K
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Automation

» The Evolutionary Road To Full Automation
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Automation

» The Evolutionary Road To Full Automation

By & & & & W

0
s €
g s
L
53

<<
R o

DRIVER FEET-OFF HANDS-OFF EYES-OFF MIND-OFF PASSENGER
L east C om p I @ X Noassistance Assisted Partially Highly Fully Autonomous Most Complex
Automated Automated Automated

Today Tomorrow NEXT Decade

Mining/Agriculture/Warehouse First/Middle/Last Mile Delivery/Logistics  Robotaxi /People mover  Personally Owned AV & Tailored Spaces

= == -0 \ (i 28
Alaa Khamis and Partha Goswarhijtomated Mobility: A Comparison between Aviation ‘ > Y ‘ L |
and Automotiv@® The IEEE International Conference on Smart Mob2l23
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Automation
» Seltdriving Platform at KFUPM

8
=
[}

<

B4
g
<
©

=
o
=)
L
=z
n
I
=]
N

i s \ \ i
‘ ‘. - CAMERA

LIDAR

Sedrfi vi ngdrainwdi nfel Teechnol ogy

29



E Alaa H

=
o
=)
)
&
o
o~

I Automation: Automated Driving

» In-context Learning for Automated Driving Scenarios
An example of conservative model

Human Driving
Instruction Prompt

Task
Description (1) (2) 3)
pl LLM a Acion . Reward Signal RL Agent
(GPT-35)  /
F e g L
User & '."' o See -
Objective \‘ Action o - >
p2 \ °® \
</ Action -"'
Last
Outcome
P ) @
Index Mean Reward  Lane Change  Speed Up
DQN baseline 0.82824 0.30681 0.42045
Aggressive 0.83888 0.02326 0.83721
Conservative 0.71391 0.01333 0.00666
Base 0.80140 0.10345 0.10345

Zigi Zhou,Jingyu&hang, Jingyuan ZhampyueWang, Tianyu Shi, Alaa Khamis. Hueeamtric Reward Optimization for Reinforcement Leab@sgd Automated Driving using Large 30
Language Models. ITRB Annual Meeting, Washingtor2(@2€arXiv2405.04132024
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Automation: Speed Control and Traffic Signal Control
» Cooperative Variable Speed Limit Control using MARL

ADRL -based Traffic Signal Control

KaizeLin, Zihe Jia,PeiqiLi, TianyuShi, Alaa Khamis, "Cooperative Variable Speed Limit Control using Multi JunyurRuanJinzhuoTang, Ge GadlianyuShi, Alaa Khamis, "Deep Reinforcement Leahiingd Traffic 31
agent Reinforcement Learning and Evolution Strategy for Improved Throughput in Mixed?0gHfic," Signal Control 2023IEEE International Conference on Smart Mobility.
IEEE International Conference on Smart Mobility.



