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iRoad: Intelligent Road

Objective: Investigating the enabling technologies that transform 

the streets of a city into a hybrid transportation/communication 

system, called the Intelligent Road (iRoad). 

Wireless Solution

smart device

Embed a wireless mesh network in the streets of a city

Internet Gateway

Advantages?
 Easy Deployment

 Extensibility

Data Center

 High Speed

 Robustness

Transportation Applications

 Real-time traffic map

 Online best-route query

 Intelligent fuel-efficient vehicle

 Coordinated traffic signal control

 Remote incident management 

 Emergence response

Other Applications

 Pervasive Internet access

 Voice calls

 Data/video

 New online services
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iRoad Requirements

 Real-time data transfer

 Throughput assurance

Multiple service classes

 Quantitative bandwidth distribution

 Security and robustness

 Engineering framework for transportation 
applications

Technical Challenges
 Limited bandwidth and growing demand

 Wireless contention and bandwidth sharing

 Multi-rate anomaly

 Location-dependent interference

 Dynamic link capacity

 Unknown contending traffic

 Open nature of wireless communication

 Anonymous requirement

 Multi-service classes and differentiated traffic engineering

 Common framework for diverse transportation functions

Research Components

 Sub-project 1: Quantitative bandwidth distribution 
among wireless links in iRoad,

 Sub-project 2: Rate and delay assurance in iRoad,

 Sub-project 3: Security and robustness in iRoad, 

 Sub-project 4: An iRoad-based self-learning 
framework for intelligent transportation systems.

Sub-project 1: Quantitative Bandwidth 
Distribution among Wireless Links in iRoad

 Objective: Develop fully distributed protocols that 
flexibly adjust bandwidth distribution (with channel 
spatial reuse) among contending wireless links on the 
fly

 Tool: Weighted bandwidth (or time) allocation ɀ
change bandwidth distribution simply by dynamically 
ÍÏÄÉÆÙÉÎÇ ÔÈÅ ÌÉÎËÓȭ ×ÅÉÇÈÔ ÖÁÌÕÅÓ  

Challenge: Transmission/carrier-Sensing Disparity

Traditional overhearing-based solutions
do not work well. Among 24 iRoad
nodes whose transmissions will
interfere with (a, b), the sender a can
only overhear transmissions from just
four nodes, due to the disparity
between transmission range and
carrier-sensing range.

Weighted fairness:

r i,j(t) = r i,j(t-1) * (1 ïɓ) , if the channel is congested

r i,j(t) = r i,j(t-1) + wi,j*Ŭ, otherwise

wa,b= 3

wc,d = 1

PISD: Proportional Increase Synchronized 
Multiplicative Decrease

MAC

Repository
r(t)

AIMD queue

802.11 DCF

Wireless 
Channel
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Proportional Fairness

Queue spreading is a technique that ensures all nodes in 
a congested group are informed about the congestion, 
while nodes in overlapped groups are not affected. 

Proportional Packet Scheduling (PPS)

 Each MAC flow maintains a counter.

 Counter advances at a rate proportional to flow weight. 

 Flow with the smallest counter transmits

 Equalizing counters Ąweighted bandwidth allocation

Sub-project 2: Rate and Delay Assurance 
in iRoad

 Objective: Develop fully decentralized protocols that 
provide prioritized rate/delay assurance for end-to-end 
data flows in transportation applications

 Tool: Dynamic weight adaptation under a multi-class 
service framework ɀadapt the weights of flows such 
that data of high priorities are always supported, 
transparent to channel and traffic dynamics 

Challenge: Resource Reservation and 
Admission Control?

 Wired Networks
 Resource Reservation 
 Admission Control

 Assumptions
 Capacity of each link 

is fixed and known. 
 Sender of a link has 

information about all 
flows that compete 
on the link.

 Wireless Networks
 No fixed link or channel 

Capacity 
 Partial knowledge about 

contending flows

 Admission Control
 Not possible 

 Resource reservation 
 Very complicated

a b c d
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Dynamic Weight Adaptation 

Â ABR service for end-to-end flows

Ç Multiple classes of QoS flows.

Ç Each class is assigned a different priority.

Ç Each QoS flow has a minimum rate requirement.

Â physical link Ą multiple MAC flows

Ç Each MAC flow carries all end-to-end flows of one class.

Â Adapting Weights of the MAC flows

Ç Ceiling and Floor 

Â Two Levels of Bandwidth Allocation

Ç First, allocate bandwidth to MAC flows

Ç Second, within each MAC flow, allocate bandwidth to end-to-end 
flows

Prioritized Rate Assurance

 For a MAC flow f i,j
k  ,

 Ceiling:

 Floor:

 Weight Adaptation:

Â Prioritized Rate Assurance

Â Differentiated Bandwidth 
Allocation

Â No Starvation and Maximum 
Utilization
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Prioritized Delay Assurance

 Delay Assurance

 Still dynamic weight adaptation, but set minimum 
contention window in proportion to weight, and model 
each wireless link as a set of MAC flow groups, each of 
which corresponds to a certain target delay.

 Both Delay and Rate Assurance

 QoS Routing to find a wireless path that satisfies the 
rate or delay requirement of a new data flow

Sub-project 3: Security and Robustness 
in iRoad

 Objective: Develop security and privacy protocols that 
protect communications in iRoad, defend against 
ÍÁÌÉÃÉÏÕÓ ÁÔÔÁÃËÓȟ ÁÎÄ ÐÒÏÔÅÃÔ ÄÒÉÖÅÒÓȭ ÐÒÉÖÁÃÙ

 Tool: Authentication and encryption techniques for 
multi-layer trust and location-dependent credentials, 
and integration of defense mechanisms against cyber-
attacks in an open environment

Privacy Preserving Authentication

Collect information from vehicles 
(such as origin-destination flow data) 
without revealing the identities of the 
vehicles or their drivers

Sub-project 4: An Engineering Framework 
for Intelligent Transportation Systems

 Objective: A robust self-learning framework for 
transportation engineering, which leverages the É2ÏÁÄȭÓ
capacity for real-time data collection

 Components

1. System identification: delivering a complete image of 
traffic conditions and transportation system 
performance based on limited traffic information of 
varying quality

2. Robust decision-making: ensuring stable application 
performance without severely compromising 
optimality, even during disruptive events

Transportation Applications and iRoad

 Bi-objective optimization model for determining 
traffic signal timings to minimize traffic delay and risk 
associated with human exposure to traffic emissions

 Ȭ3ÅÌÅÃÔ ÚÏÎÅ ÁÎÁÌÙÓÉÓΈ ÐÒÏÃÅÄÕÒÅ ÉÎ ÔÒÁÆÆÉÃ ÉÍÐÁÃÔ 
studies, using iRoad to identify flow distributions

 Sensor location problem in traffic impact studies: how 
to deploy a minimal number of sensors across an 
urban road network to fully capture the origin-
destination distribution of the vehicular flows on the 
network

Prototype

 Protocols for quantitative bandwidth distribution and 
rate assurance

 Self-learning framework for intelligent transportation 
system

 Several applications such as real-time traffic map


