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Introductions: Sensor Nodes

Wireless-Integrated Embedded Sensor Device

Micro-computer system
CPU: several to tens of MHz
Memory: several KB
Storage: flash memory: e.g., 128KB

Sensors

Wireless interface

e.g., infrared, acoustic, vibration, barometric, 
humidity, thermoelectrical, photosensitive

IEEE 802.15.4: CSMA
Low-power: tens of meters

Battery: may not be rechargeable or replaceable

Achieve energy-efficiency with limited computational (speed and 
memory capacity) resource
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Introductions: Wireless Sensor Networks

Wireless Sensor Networks (WSNs)
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Introductions: WSN Applications
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Introductions: Topics in This Thesis

Stream the sensor data to the sink

Distribution of temperature 
Intensity of the sunlight
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Network Partitioning (Reducing Redundancy)

Coverage-oriented network partitioning

Part 1: Redundancy Reduction
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Part1: Problem Motivation and Formulation

Network partitioning problem
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Part 1: Problem Illustration
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Part 1: Existing Algorithms

MIPA can find more subsets, but it is much slower

an ungrouped
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Part 1: Intuitions to Problem Solution

These two are the closest 
Their covering areas are similar to 
each other  redundancy!!!

Remove the one farther to the other 
nodes  The rest of the nodes will be 
closer to each other  More nodes 
can be removed later, potentially 
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Part 1: Introducing the Normalized Minimum Distance 

Hence, we adopt the following heuristic
Introduce a node fan-out index

Remove the node so that the rest of 
the nodes achieve maximum 
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Part 1: Property of the Index
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Part 1: Our MAXINE Algorithm
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Part 1: Simulation Studies

Maxine performs much better than GA in terms of the number of subsets found
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Part 1: Simulation Studies

► The number of subsets 
found by MIPA and 
Maxine is comparable

Total sampling points
We use quasi-random sequences to 
select a set of points in the 
network area. The network is 
considered covered if all the points 
are covered

Total in-network node number
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Part 1: Simulation Studies

Maxine's converging time is much shorter than MIPA
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Part 1: Simulation Studies
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Part 1 Contributions
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Network Partitioning (Maximizing Coverage)
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Part 2: Background

Characteristics
Work for a long period of time
Work in an unattended manner
Hence, it needs to conduct some online 
system migrations

Reprogramming, e.g., software upgrade
Re-initialization, e.g., protocol re-initialization
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Part 2: Motivations
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Part 2: Motivations

N: A problem input determined by system maintainers. 
We assume that N ≥2 and N << n (the node number)



Department of Computer Science & Engineering, The Chinese University of Hong Kong 24

Part 2: Problem Formulation

The probability that a sensor detects an event
The probability that a sensor CANNOT detect an event
The probability that all sensors cannot detect an event

At least one sensor in the working division can detect an event located at (x, y)

We name it a working division. 
Subset j is doing migration, the 
rest of the nodes are called 
working division j
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Part 2: Problem Formulation
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Part 2: Baseline Algorithms
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Part 2: Simple Partitioning and Picking (SPP)

N = 2

same or their difference is at most 1
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Part 2: The SPP Algorithm

N = 2
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The underlying idea of SPP is to let each subset 
distributed evenly in the network, so that when 
one ceases to work, it makes a minimum impact 
on the event detection capability. 
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Part 2: Minimum Spanning Tree-based Grouping (MSTBG)

MSTBG tries to group nodes that are close to each other to 
different subsets so as to avoid the close-gathering of the 
nodes in the same subset.



Department of Computer Science & Engineering, The Chinese University of Hong Kong 30

Part 2: Simulation Studies

ceases to work



Department of Computer Science & Engineering, The Chinese University of Hong Kong 31

Part 2: Simulation Studies
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Part 2 Contributions
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Geographic Forwarding
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Geographic Forwarding
Greedy forwarding

Detour-mode forwarding

A node finds out its nearest neighbor to the sink 
If the neighbor is nearer to the sink than the 
node, forward packet via it
Otherwise, ??   (Network holes or barriers)

Planarize the network  planar graph
Route packets along the face of the graph 
towards the sink

Part 3: Background
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Part 3: Geographic Forwarding Illustration

The detour-mode forwarding tends to forward data 
packets along the boundaries of holes. 
 The path from the source to the destination is 
much longer than the optimum. 
 More energy consumption in data collection.
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Part 3: Topological Length

Energy consumption in data forwarding
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Part 3: Waypoints-based Geographic Forwarding

Minimize the unnecessary detours so that the path can 
bypass holes and barriers.
Waypoints: Calculated with a trial-and-error approach
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Part 3: Motivations

Existing schemes may result in suboptimal paths
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Part 3: Geographic Data Reporting Protocol (GDRP)
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Part 3: Acceptable Path
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Part 3: Acceptable Path
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Part 3: Waypoint Calculation

When a path is not an acceptable path

There are holes or barriers in between the source and 
the destination
At least one path segment between a pair of adjacent 
waypoints is not a strongly perfect sequence
The impact of holes or barriers can be modeled as how 
they make the path segment “imperfect”

- Find which parts of the segment make it fail to be 
a strongly perfect sequence
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Part 3: Waypoint Calculation

perfect sequences: 
[w, u1, u2,w’]
[u4, u5, u6,w’]
[u8, u9,w’]

[u2, u3, u4] and [u6, u7, u8] make the whole path 
segment fail to be a strongly perfect sequence



Department of Computer Science & Engineering, The Chinese University of Hong Kong 44

Part 3: Waypoint Calculation

Problem 1: Who should be the potential waypoints

1. The last node in a detour part 
should be a potential waypoint

Reason: The hole or barrier does not 
influence the path any longer from    
the node on

2. The first node in a detour part 
should be a potential waypoint

Reason: The node can avoid
the detour part by forwarding packets 
to another direction
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Part 3: Waypoint Calculation

Hence, the waypoint 
sequence for the next 
round is [w, u2, u8, w’]
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Part 3: Geographic Routing between Waypoints
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Part 3: Simulation Studies
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Part 3: Simulation Studies
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Part 3: Simulation Studies
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Part 3 Contributions
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Part 4: Background
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Motivation: Current WSN contour mapping approaches 
cannot adaptively handle diverse user requests

Map: a set of line enquiries
Line: a map enquiry

Optimized for either contour line or contour map enquiries, 
but not for both

They lack  a scheme for tuning the precision of the line/map 
by controlling the number of working nodes

Such precision tuning is very crucial for energy saving. 
Put some nodes into sleeping mode when low precision is 
acceptable.

Part 4: Motivation

Not energy efficient
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Part 4: Online Active Contour Service (OACS)

The contour mapping requests are broadcasted to the sensor 
nodes. Two kinds of requests are accommodated.

Each grid has a head 
- in charge of the contour mapping computation
- report the results to the sink

Purpose: in-network preprocessing for energy saving.

Divide the network into grids

Initially, only λ%’s nodes are on-duty, the rest are in sleep 
mode to save energy.

Overview of OACS
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Part 4: OACS Overview

Two kinds of enquiries are accommodated.
M-enquiries: contour map enquiry

- parameter p: the proportion of sensor nodes that need to work to 
provide their readings

L-enquiries: contour line enquiry
- parameter p
- parameter cv: the value of the contour line requested 

Overview of OACS

M-enquiry: all the working sensors report their readings
L-enquiry: those with reading close to cv report their readings 

The working sensors report readings to their corresponding heads
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Part 4: OACS Overview

1. Why support vector regression
2. How to select a best set of nodes to open 
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Part 4: OACS Design Considerations
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Part 4: OACS Design Considerations

 not good

 not good
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Part 4: OACS Design Considerations

Regress the requested contour 
line (cv = 20) based on the 
known sensor locations/readings
Estimate the reading of the sleeping 
node based on the regression result
This sleeping node is the closest to 
the estimated contour line. So it is 
turned on to obtain its reading.
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Part 4: OACS Design Considerations

Check who is the farthest to the 
working nodes

This sleeping node is the closest to 
the estimated contour line. So it is 
turned on to obtain its reading.
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Part 4: Simulation Studies

• Algorithm in comparison: Contour Mapping Engine (CME), the most up-to-
date approach in WSN contour mapping
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Contour Mapping
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Contour Mapping



Department of Computer Science & Engineering, The Chinese University of Hong Kong 64

Part 4 Contributions
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Conclusions
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Research Papers
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Research Papers
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Research Papers

Papers in Preparation 
[15] Yangfan Zhou, Jiangchuan Liu, Michael R. Lyu, Guoliang Xing, and Xinyu Chen. 
When Geographic Forwarding Meets Mobility-assisted Wireless Sensor Networks
[16] Yangfan Zhou, Xinyu Chen, Michael R. Lyu, and Jiangchuan Liu. Unveil Sensor 
Network Bugs via Symptom Mining

48 citations in total

> 20 citations
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Q & A

Thank you!!!


