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Strategic Deployment in the Presence of Strategic Deployment in the Presence of 
LossyLossy Communication LinksCommunication Links

Jennifer L. Wong, Tom Schoellhammer, Miodrag Potkonjak, Deborah Estrin
CENS UCLA

Introduction: Deployment for sensing may not be efficient for coIntroduction: Deployment for sensing may not be efficient for communication due to mmunication due to lossylossy
communication links in the environment. communication links in the environment. 
Lossy communication links are difficult to predict On-line link prediction is needed for rapid 

link evaluation in deployed network

Strategic Deployment in Observed Environment 
Given: A deployed set of wireless nodes with characterized link data, models, and power model.
Question: Is there k additional positions in the physical environment for placement of k radios such that the lifetime of the network is increased by a 
factor of m?
Related Problems: Removal of nodes, repositioning of nodes, simultaneous sensing and communication

UCLA UCLA –– UCR UCR –– Caltech Caltech –– USC USC –– CSU CSU –– JPL JPL –– UC MercedUC Merced

Center for Embedded Networked SensingCenter for Embedded Networked Sensing

Step 1: Network 
Characterization

Link Quality Estimation

Augmented Floyd-Warshall All Pairs Shortest Path

Step 2: Essential Edge Identification

Step 3: Embedding in k-D Communication Space

Step 5: Node 
Repositioning

Triangle Identification

Non-linear Programming

Problem Description:Problem Description: Strategically deploy, remove, or reposition sensor nodes in the Strategically deploy, remove, or reposition sensor nodes in the existing existing 
network to improve lifetime based on the knowledge of existing cnetwork to improve lifetime based on the knowledge of existing communication link qualities.ommunication link qualities.
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• Input:
– Graph with weighted edges that are used in 

minimum cost paths
• Necessary and sufficient communication edges to 

create APSPs in network
• Output:

– Graph with weighted edges, only edges 
required for APSP  

• Input:
– Euclidean positions of each node
– On-line link estimates for each communication link

• On-line characterization of links
• All-Pairs shortest path with consecutive link effects

– Augmented Floyd-Warshall APSP - O(n3)
– Consider benefits of consecutive links on paths

• Output:
– Graph with weighted edges that are used in 

minimum cost paths
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• Input:
– Graph with weighted edges, only edges 

required for APSP
• NLP formulation for positioning nodes at distances 

relative to F-W communication costs
• Distance is proportional to communication cost
• Output:

– Positions of each node in k-D communication 
space

TOTAL COST: 505.73
Power Expense: TX @ 3.0V = 30.3438W
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Step 4: Delaunay Triangulation

• Input:
– Positions of each node in k-D 

communication space
• Delaunay Triangulation O(n2)
• Output:

– Delaunay Triangulation 
of nodes in communication space
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• Input:

– Delaunay Triangulation of the communication 
positioned nodes

• Identify largest triangle(s) → most expensive 
communication

• In Euclidean space, apply NLP to position around 3 
identified nodes 

• Output:
– Location in Euclidean space for positioning 

additional node

Proposed Solution:Proposed Solution: ForceForce--directed optimization frameworkdirected optimization framework
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Experimental ResultsExperimental Results
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• Deployment typically addresses sensing 
coverage requirements, not 
communication.

• Lifetime of network is dictated by 
communication cost.
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• Maximum Likelihood

• Maximum likelihood from observed 
packet reception.




