
Embarrassingly Connected 
Society

regional

metropolitan area

campus-based

in-house 

But, there always exists a 
corner that communication 
infrastructure does not or 
is costly to reach

“Multi-hopping”



Wireless Mesh Networks

• Users connect to an AP

• A few APs connect to Internet (Gateways)

• APs/GWs form a MANET

• WLANs for users (802.11b/g)

• MANET for backbone (802.11a)

MetroFi in Portland, OR
Google in Mountain 
View, CA

Sink

Task 
Manager 
Node

Internet

Wireless Sensor Networks

� Monitoring Spaces
� Environ. monitoring, Conservation 

biology, ...

� Precision agriculture, 

� Alarms, security, surveillance, ...

� Monitoring Things
� Disaster management

� Civil infrastructure
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Research Agenda #1 
“Communication parameter adaptation ”

Nodes are not 
uniformly 
distributed

Developed mobility 
model and TX 
power adaptation 
protocol

IEEE JSAC, 2004

High TX power         Low TX power          The proposed

Power-stepped protocol

Carrier-sense 
MAC protocol is 
not optimized for 
MANETs

Adjust CS 
threshold to 
improve 
performance

Ad Hoc Networks 
Journal, 2008

i

TRi TRj

CSi CPj

j

S
D

S
D

S
D

A
B

X
Y

MANET routing 
protocols typically 
demand “overhearing”
and thus not energy-
efficient

The proposed Rcast
protocol integrates 
DSR and 802.11 PSM 
to conserve energy

IEEE TMC, 2009



Research Agenda #1 
“Communication parameter adaptation ”

Multirate control or 
modulation scheme 
adaptation

- 802.11a/g supports up to 
54Mbps (108Mbps available)

- A more sophisticated 
modulation scheme requires a 
higher SNIR resulting in less 
transmit distance and more 
hop count for the same node 
pair (more chance to break)

Source

Destination

6Mbps link
12Mbps link
24Mbps link

Path-centric Rate

Adaptation Protocol

““LowLow--latency multihop wireless latency multihop wireless 
networkingnetworking””

Early warning mechanism for Early warning mechanism for 
vehicle safety on highways as vehicle safety on highways as 
well as in wireless mesh well as in wireless mesh 
networks and wireless sensor networks and wireless sensor 
networksnetworks

Currently supported Currently supported 

by by NSF (NSF (NeTSNeTS program)program)



Research Agenda #1 
“Communication parameter adaptation ”

Multirate control or 
modulation scheme 
adaptation
- In the mixture of low- and high-
rate radios, opportunistic 
transmission over multiple hops are 
possible at high rates.

CP1

TR0 CS0

CP2 CP3 CP4

0 1 2 3 4

A

B

CP1

TR0 CS0

CP2 CP3 CP4

0 1 2 3 4

A

B

����������	
���
	�������������
	����
�	���

�����������	
����������
�
�����������
������
���	���
��

���� ����

���� ���� ������� ��� ���

����

	 ���� 
 
 ���� � � ���� �

���� ����
����
�

�������

����
����
�

������� ����

����
�

�������

���� ���� ������� ��� ���

����

	 ���� 
 �����
����
���� �����
����
����

����
�

�������

Multihop Opportunistic

Communication Protocol



Research Agenda #1 
“Communication parameter adaptation ”

Research agenda
- Service-oriented protocol/algorithm 
design (latency, throughput, or power)

- Adaptable to future tech. (e.g. GENI)

Technical approaches

- Cross-layer adaptation
- Multi-user cooperation/diversity
- Cognitive protocols/radio

Methodologies

- Geared to experimental designs
- Particularly, GNU Radio and USRP 
(Python), Emulab/GENI, iPAQ PDAs

Impact on education
- GNU Radio/USRP contains most of 
CE educational components (FPGA, 
comm., software, architecture, etc.)
- Single platform across the curriculum

A software-defined radio (SDR) system is a radio
communication system which can tune to any 
frequency band and receive any modulation across 
a large frequency spectrum by means of 
programmable hardware which is controlled by 
software.

GNU Radio implements signal processing blocks 
as C++ modules. Python script language is used to 
connect a processing flow graph.

USRP from Ettus
USRP2 – stand-alone

Anten
na
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FPGA-DSPADC/DAC



Research Agenda #2 
“Multiuser cooperation (diversity)”

Nodes in the 
proximity are not 
always adversaries

Use one of its 
neighbors’ radio to 
construct a “virtual 
MIMO” system

IEEE ICC, 2007

Nodes in the 
proximity are not 
always adversaries

Use them as 
communication 
partner

IEEE TMC, 2007
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Salvation army
for i-j communication

DATA

SACK

SDATA
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device
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Research Agenda #3 
“Uncertainty in Sensor Networks”

Subframe 1

Subframe 2

Subframe 0

Subframe 1

Subframe 2

Subframe 0

43

137

Epistemic 
uncertainty
(e.g. how 
often to 
sense)

Resource constraints
(e.g. energy, 
bandwidth)

Multi-parameter filtering 
problem can be 
addressed using 
dominance-based rough 
set approaches to reduce 
redundancy in data 
sampling

Ontological 
uncertainty
(e.g. what 
to sense)

Adaptive clustering 
algorithm and multi-
level evaluations of 
criticality (of events) 
help reduce the 
epistemic uncertainty 
while conserving 
resources

Categorization 
of security 
attacks in 
uncertainty-
abound 
sensornets
helps discern 
and develop 
counter 
measures

Resource constraints – Energy
TDMA-based Medium access: MOSS

Anonymous MAC

Uncertainty-aware sensornets
(UASN): sensed information is 
incomplete, imprecise, fragmentary, 
and ambiguous

Ontological uncertainty: What to sense

Epistemic uncertainty: Where to sense 
and how critical it is

EPANET

Decision

Data 
Synthesi

s

Data 
Stream

“Truth”

NS2

Data Collection & Management

H2O Data Generation
Sensor Data 
Generation

Information 
Generation

Decision Making Synthesis –
Performance 

analysis

Error Model

Transient/Anomaly 
Model/Generator

Stress/Threat 
Scenarios

Bayesian Updating 
SFCME

Data Mining

QA/QC  error 
checking

DATA ftp site

Archive – other?

Error Model

Transient/Anomaly 
Model/Generator

Stress/Threat 
Scenarios

Redundancy

Decision Rules, Chance 
constraints

Risk Analysis, MO DM

Distributions 
Oriented Measures: 
Resolution, 
discrimination, etc.

ROC – POD/FA 
tradeoffs

Many-to-one Sensornet Protocol WaterSense

IJMC (Inderscience), 2009

IEEE TMC (submitted)



Research Agenda #4 
“Network Science, User Behavior/Mobility, 
and Surviving Stressful Networks”

Motivation: Mobile networks are vulnerable to the presence of extreme conditions such as network
partitions (due to high node speeds) and strong interference (in urban environments). It is critically 
important to know whether a mobile network is still a dependable subnet under such situations. 

Goal: Investigate the performance of mobile wireless networks in highly stressed environment and 
seek novel methods to survive the stress and achieve a reasonable performance. 

Objectives:
•Develop a stress model in terms of mobility and interference

•Develop an emulation method of the stress in the context of the proposed computing infrastructure. 
Mobility and the corresponding topology changes can be emulated by altering routing tables of 
mobile nodes through wired connections, which are also used to monitor how they react.

•Develop novel methods to overcome the stress and achieve the performance goal.

Currently supported by NSF (MRI program)


