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Mission

» Our mission is to advance smart mobility as a transformative enabler of  sustainable 

development. 

» Our research focuses on the intersection of  AI and mobility systems, services and 

business models.
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Smart Mobility

Existing and emerging smart mobility systems

Existing and emerging smart mobility business models

Existing and emerging smart mobility services

Alaa Khamis and Suzette Malek, òSmart Mobility for Sustainable Development Goals: Enablers and Barriers,ó The IEEE International Conference on Smart Mobility, 2023.
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Ongoing Projects

ÅTitle: Contextual Observability of  Software-

Defined Vehicles

ÅObjective: Develop a testbed for software-

defined vehicle (SDV) contextual observability.

ÅCollaboration: IRC SML and auto OEMs, 

NGOs and Suppliers

SDV CONTEXTUAL 
OBSERVABILITY

</>

ÅTitle: Agentic AI-based 

Framework for SIM

ÅObjective: Develop as a unified 

platform that integrates multimodal 

transportation options.

ÅCollaboration: RCRC, MIT, VTTI

ÅTitle: SmartDispatch: AI-driven Optimization 

for Eco-Efficient Last-Mile Delivery

ÅObjective: Develop an AI-driven routing model 

for eco-efficient last-mile delivery.

ÅCollaboration: IRC SML KFUPM

ÅTitle: Enabling Cybersecurity 

Adaptation in Software Architecture 

Objective: Develop as a unified 

platform that integrates multimodal 

transportation options.

ÅCollaboration: UAB, Chile
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Collaboration & Facilities

https://www.ai4sm.org/ https://github.com/ai4smlab https://www.youtube.com/@AI4SM_lab 

For More information

https://medium.com/ai4sm 
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https://github.com/ai4smlab
https://github.com/ai4smlab
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Automotive AI

Smart 

Mobility

Technology

GovernanceCity Planning

ÅDisruptive Mobility Platforms 

ÅShared Mobility

ÅMobility-as-a-Service (MaaS)

ÅMobility on Demand (MOD)

ÅSeamless Integrated Mobility (SIMS)

ÅLast-mile Delivery

ÅVehicle-as-a-Service (VaaS)

ÅGig Economy and Passenger Economy

ÅIntelligent Infrastructure

ÅConnected Mobility

ÅAutomated Mobility

ÅE-Mobility

ÅPNT and GIS

ÅWireless Communication

ÅMobile Computing

ÅBlockchain
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ÅMicro-mobility

ÅActive, Soft or Zero-impact Mobility

ÅInclusive Mobility

ÅContext Awareness Systems (CAS)

ÅInternet of  Things (IoT)

ÅArtificial Intelligence (AI)

ÅRobotics

ÅElectrification
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Automotive AI

» Market Size

USD 38.45 Billon

USD 18.83 Billon

2025 2030

Source: Research and Markets

Market Forecast to grow at a CAGR of  15.3%

Automotive AI Total Revenue by Segment, World Markets: 2016-2025 [Tractica]
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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/
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Automotive AI

Disposal and Recycling

ÅPredicting Battery Life

ÅReduce Battery Ownership Cost

ÅBattery Recycling and AI-based Sorting

ÅWaste Management and Recycling, etc.
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ÅPredictive Infotainment

ÅDigital Companion

ÅDispatch and Routing

ÅOnline Optimization

ÅSupply Chain Management

ÅFleet Management

ÅCrowd Intelligence

ÅData/Experience Monetization

Operation

ÅPerception

ÅDiagnostics & Prognostics

ÅSDV Observability

ÅLocalization

ÅMapping

ÅBehavioral Control

ÅPlanning

ÅADAS and ADS

Manufacturing

ÅIndustry 4.0, Mass Customization

ÅAdditive Manufacturing

ÅRobotic Process Automation 

(RPC)

ÅQuality Control, Calibration, Test 

Automation, Assembly Line 

Balancing, etc.

Design

ÅGenerative Design

ÅEngine Efficiency

ÅCrash Analysis

ÅNew material discovery and 

characterization

ÅBattery Design, etc.

Feedback and Updates

ÅIntelligent Agent Assistants

ÅSentiment Analysis

ÅCustomer Churn Prediction

ÅAutomated Claims Processing

ÅDynamic Pricing

ÅIncentive Optimization

ÅPersonalized Loyalty

ÅPersonalized Marketing

ÅRetail Support Bots

ÅDemand Planning 

ÅSupply Chain 

Management

ÅLegal Analytics, etc.

Disposal and 

Recycling
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Automotive AI

ÅEdge AI

ÅConnected 

Mobility and HMI

ÅActive Safety

ÅAssisted and 

Automated Driving

ÅSoftware-defined 

Vehicles72 Patents, defensive publications and 

trade secrets 
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https://alaakhamis.org/publications.html
https://alaakhamis.org/publications.html
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Automotive AI

Situational 
Awareness

Automation

Optimization

» The Three Patterns of  AI

ÅPhysical Process Automation

ÅDigital Process Automation

ÅDesign Problems

ÅPlanning Problems

ÅControl Problems

ÅForesight

ÅInsight

ÅOversight

ÅHindsight

ÅProjection

ÅComprehension

ÅPerception

ÅSensing
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Situational Awareness: SA Levels

16

L0: Sensing

Collect Relevant Data

L1: Perception

Identify Situation 

Entities

L2: Comprehension

Relate Situation 

Entities

L3: Projection

Status of  entities in the 

near future and 

possible consequences

ÅVehicle onboard sensors 

(Cameras, LiDAR, etc.)

Å Infrastructure (Camera, LiDAR, 

smart traffic lights, HD map)

ÅVRU (vehicles, pedestrians, cyclists, 

jaywalker, wheelchair, kids)

ÅTraffic signs and pedestrian signs

ÅLane markings, lane layout, 

crosswalks

ÅVRU crossing recognition

ÅOther vehicles maneuvers 

recognition

ÅSignal phase and timing and 

pedestrian flashing sign status

ÅVRU intent (crossing intent, 

adversarial intent recognition, 

bullying behavior) 

ÅNear-misses detection

ÅPredict risk of  collision with VRU

ÅPredict traffic flow

ÅActivate warning signs or 

lights for pedestrians and 

cyclists if  a jaywalker is 

detected.

ÅPre-crash warning

ÅAcross traffic turn 

collision risk warning

ÅRear-end crash 

prevention

ÅRecommends actions to 

the driver, such as 

braking or adjusting 

course to avoid a 

collision.

ÅApply AEB

Decision 

Making/Support
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Situational Awareness: The 4 Lines of  Sight
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Difficulty

Why did it 

happen?What 

happened?

What will 

happen?

Traffic accident data

Most common times for accidents, types of  vehicles involved, or locations/ 

hotspots with the highest accident rates

Root causes of high accident rates at certain intersections (e.g., lighting 

conditions, weather conditions, road quality, traffic signals, or driver behavior.)

Predict the likelihood of  accidents in different areas at 

different times and weather conditions.

Recommending specific 

interventions, such as changing 

traffic light patterns, increasing 

police patrols, or improving road 

conditions in areas predicted to 

have a high risk of  accidents.

What should we do to 

get the best result?

Raw data
Cleaned data

Descriptive Analytics

Diagnostics Analytics

Predictive Analytics

Prescriptive Analytics
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Situational Awareness: VRU Intent Prediction

Foggy weather Rainy weather

Nighttime Clear weather

Pedestrian Crossing Intent Prediction using Vision Transformers 

Inclement Weather Perception

ÅAhmed Elgazwy, Khalid Elgazzar, Alaa Khamis. Predicting Pedestrian Crossing 

Intentions in Adverse Weather with Self-Attention Models. IEEE Transactions on 

Intelligent Transportation Systems (T-ITS), 2025.

ÅAhmed A Elgazwy, Hossameldin Ouda, Ammar Elmoghazy, Ghadeer Abdelkader, 

Austin Page, Alaa Khamis and Khalid Elgazzar, "Image Enhancement for Better 

VRU Detection in Challenging Weather Conditions," ICCSPA'24.
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Consolidated central 

compute for all tasks 

(HPCU)

Zone 

Gateway

End 

Nodes

Zone 

Gateway

End 

Nodes

Zone 

Gateway

End 

Nodes

Zone 

Gateway

End 

Nodes

Situational Awareness: SDV Observability

Safety App 

A

Safety App 

B

Classic AUTOSAR RTE

Basic Software (BSW)

Safe RTOS

Zonal Controller High Performance Compute

Application Processor Safety island

ASIL B OS QM OS

MiddlewareMiddleware

ASIL D RTOS

Container Runtime
Container 

Runtime
Classic AUTOSAR RTE

ASIL B, C, D (ADAS) 

App
ASIL A (V2X)

Shift Left

Safety 

Apps

Safety 

Monitoring

SOA SW Architecture (SOAFEE Compliant)

Backoffice Cloud Services

Cloud Native Development Cloud-to-Vehicle

Hypervisor

Basic Software (BSW)
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Situational Awareness: SDV Observability

» SDV 3.0: Zonal Architecture ð Software-Defined Vehicle: Promises

Faster Time to 

Market

Reduced 

Development CostAgile Approach

Increased 

Scalability

Continuous 

Revenue Streams

ÅWeeks to months 

instead of  3 years.

ÅAccelerating the 

R&D cycle 

through Virtual 

Models, enabling 

early-stage 

innovation and 

development 

(SHIFT LEFT).

SDV supports an agile approach by 

enabling MVP development and 

continuous improvement, replacing 

the traditional First-Time-Right 

model.

SDV enables hardware and 

software platform reuse 

across vehicle model year 

upgrades and segments, 

reducing development effort 

and costs.

SDVs enable 

scalability by allowing 

the same code to be 

used across all car 

models, unlike 

traditional 

architectures that 

require separate code 

for each model.

ÅDigital value stream

ÅPost-sales revenue from 

Feature subscription 

(Feature-as-a-Service 

FaaS)

ÅCustomer data can be 

used to create 

personalized offers that 

increase customer loyalty.
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Situational Awareness: SDV Observability

» SDV 3.0: Zonal Architecture ð Software-Defined Vehicle: Challenges

Increased 

Complexity

High Maintenance 

EffortsSafety and Reliability

Dependency on 

Connectivity

Cybersecurity 

Risks

Numerous 

heterogenous 

distributed software 

components.

With the integration of  software 

into safety-critical systems, thereõs an 

inherent risk that software bugs or 

failures could lead to safety issues.

The maintenance of  SDVs 

involves not just the hardware 

but also continuous software 

updates, patches, and 

debugging. This requires 

specialized knowledge, 

potentially increasing 

operational costs and the 

need for skilled personnel.

SDVs often rely on 

constant or periodic 

internet connectivity 

for updates, real-time 

data processing, and 

functionality like 

OTA (Over-The-Air) 

updates. 

ÅWith more software comes 

greater exposure to cyber 

threats. 

ÅEach component 

represents a potential entry 

point for hackers, which 

can lead to vulnerabilities 

in critical systems like 

braking, steering, or even 

data privacy breaches.
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Situational Awareness: SDV Observability

Software-defined Vehicle (SDV)

Observability Data Collection Contextual Observability

SRE

Continuous 

Monitoring

Causal Inference
Automated Incident 

Response

Detected 

issues/ 

anomalies

Operational 

Dashboard

Underlying causes and 

contributing factors

Developers

Contextual information (SLOs, OTA updates, network 

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

Microservices

Is something 

happening?
Where is it 

happening?

Whatõs 

happening?

Issue/ Anomaly 

Identification

Alaa Khamis and Partha Goswami. Rethinking Vehicle Architecture Through Softwarization and Servitization. IEEE Access, 2025.
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Automation

Physical Process Automation Digital Process Automation

ÅAgentic AI

ÅRobotic Process Automation (RPC)

ÅStreamline content creation

ÅIntelligent agent assistants/ Conversational agents 

(Chatbot such as Retail Support Bots)

ÅQ&A engines

ÅRecommendation engines to generate personalized 

recommendations.

ÅDigital Go-to-Market (online booking and online 

shopping, etc.)

ÅDigital twins

ÅEmbodied/Physical AI

ÅMobility platform manufacturing (robotic welding, 

assembly and painting, automated material 

handling, automated quality inspection)

ÅAutomated public transport

ÅAutomated people movers (APM)

ÅSmart parking systems

ÅSmart intersections

ÅSelf-flying vehicles

ÅSelf-driving vehicles
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Automated Mobility

» Automated Mobility: A Comparison between Aviation and Automotive

Alaa Khamis and Partha Goswami, òAutomated Mobility: A Comparison Between Aviation and Automotiveó, The 2023 IEEE International Conference on Smart Mobility.
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Automation

» The Evolutionary Road To Full Automation
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Automation

» The Evolutionary Road To Full Automation

Warehouse

Least Complex Most Complex

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

Today Tomorrow NEXT Decade?

Farming

Mining/Construction

Alaa Khamis and Partha Goswami, òAutomated Mobility: A Comparison between Aviation 

and Automotive,ó The IEEE International Conference on Smart Mobility, 2023.
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Automation

» Self-driving Platform at KFUPM

Self-driving and Tele-driving Technology Platform
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Automation: Automated Driving

» In-context Learning for Automated Driving Scenarios

An example of  conservative model

An example of  aggressive model

Ziqi Zhou, Jingyue Zhang, Jingyuan Zhang, Boyue Wang, Tianyu Shi, Alaa Khamis. Human-centric Reward Optimization for Reinforcement Learning-based Automated Driving using Large 

Language Models. ITRB Annual Meeting, Washington, D.C. 2026, arXiv:2405.04135, 2024.
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Automation: Speed Control and Traffic Signal Control

» Cooperative Variable Speed Limit Control using MARL

Kaize Lin, Zihe Jia, Peiqi Li, Tianyu Shi, Alaa Khamis, "Cooperative Variable Speed Limit Control using Multi-

agent Reinforcement Learning and Evolution Strategy for Improved Throughput in Mixed Traffic," 2023 

IEEE International Conference on Smart Mobility.

ÅDRL-based Traffic Signal Control

Junyun Ruan, Jinzhuo Tang, Ge Gao, Tianyu Shi, Alaa Khamis, "Deep Reinforcement Learning-based Traffic 

Signal Control," 2023 IEEE International Conference on Smart Mobility.
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