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Hierarchical Network StructureHierarchical Network StructureHierarchical Network StructureHierarchical Network Structure
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ObjectivesObjectivesObjectivesObjectives
Analysis of concurrent controllable mobility and Analysis of concurrent controllable mobility and 
multimulti--hop routing in a multihop routing in a multi--tier networktier network

Base Station

Design and Analysis of MobilityDesign and Analysis of Mobility--aware routing aware routing 

Slide 4

g y yg y y gg
protocolprotocol



MotivationMotivationMotivationMotivation
Lower energy dissipation        Longer lifetime.Lower energy dissipation        Longer lifetime.

Energy consumption for wireless transmission:Energy consumption for wireless transmission:

te d βε = te dε
:  Distance
:  Energy dissipation for transmitting t

d
e
      unit of data over unit of distance

:  Path loss exponent β

•• Hierarchical network structure and multiHierarchical network structure and multi--hop routing hop routing 
lowers energy dissipation.lowers energy dissipation.
•• Mobility brings symmetry in battery depletionMobility brings symmetry in battery depletion
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Bounded Hop Count Routing (BHR)Bounded Hop Count Routing (BHR)Bounded Hop Count Routing (BHR)Bounded Hop Count Routing (BHR)
MultiMulti--hop routing betweenhop routing between EAREAR nodesnodesMultiMulti hop routing between hop routing between EAREAR nodesnodes

Less network delay and smaller storage size Less network delay and smaller storage size 
Shorter distance      Shorter distance      Less transmission powerLess transmission power

Dynamic Hop Count Dynamic Hop Count (DHC)(DHC) vs. Initial Hop Count vs. Initial Hop Count (IHC)(IHC)
mobility mobility 
Routing delaysRouting delays

transmission, propagation and queueingtransmission, propagation and queueing

Bounded number of hopsBounded number of hopsBounded number of hopsBounded number of hops
route if hop count <= HH
Storage delay and energy tradeStorage delay and energy trade--offoff

Slide 6

Storage, delay, and energy tradeStorage, delay, and energy trade--offoff



EAREAR Node Cluster andNode Cluster andEAR EAR Node Cluster and Node Cluster and 
State Transitions in Each CycleState Transitions in Each Cycle
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Queuing Analysis of EachQueuing Analysis of Each EAREAR NodeNodeQueuing Analysis of Each Queuing Analysis of Each EAREAR NodeNode
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Waiting Time in QueuesWaiting Time in QueuesWaiting Time in QueuesWaiting Time in Queues
EAREAR--toto--EAR link delay:EAR link delay:EAREAR toto EAR link delay: EAR link delay: 
ttlink1link1

State durations: TState durations: Tii

1 :linkt Set as a variable

ii

Avg. waiting in each EAR Avg. waiting in each EAR 
node: node: W

link1as a function of tiT
Queueing    analysisQueueing    analysis

link1as a function of tW( )μ= +1 11 /linkt W

System of two equations
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Average Number of HopsAverage Number of HopsAverage Number of Hops Average Number of Hops 
for a Packet Transmission  for a Packet Transmission  

Hop count for packet Hop count for packet 
delivery from an EAR nodedelivery from an EAR node ( )h
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delivery from an EAR node delivery from an EAR node 
to a to a MAIL MAIL node node 

Between 1 to HBetween 1 to H
H

( )ih t

1

H

Temporal average of Temporal average of DHC DHC t1 t3t2 tn=tc c s(c+n ) tΔ

1

p gp g
for a packet deliveryfor a packet delivery

1 1( ) ( ) ( ) ( )Hh H T T T T T T+⎛ ⎞+ + + + +⎜ ⎟

t1 t3t2 tn
Tcyc

tc c s(c ) t

stΔ
c s(n ) tΔ

s(H-1) tΔ s(H-1) tΔ

Slide 10

1 2 4 5 3 6( ) ( ) ( ) ( )
2M

h H T T T T T T
T

⎛ ⎞= ⋅ ⋅ + + + + ⋅ +⎜ ⎟
⎝ ⎠



Network DelayNetwork Delay
Average delay for a packet to reach aAverage delay for a packet to reach a MAILMAILAverage delay for a packet to reach a Average delay for a packet to reach a MAILMAIL
node, node, DDnet net 
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Network LifetimeNetwork LifetimeNetwork LifetimeNetwork Lifetime
Average energy consumption for a packet delivery:

: Avg. energy consumption for EAR-to-EAR communicationEe

( 1) E ME h e e= − ⋅ +
Average energy consumption for a packet delivery:

: Avg. energy consumption for EAR to EAR communication
: Avg. energy consumption for EAR-to-MAIL communication
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Optimization ProblemOptimization ProblemOptimization ProblemOptimization Problem
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Simulation ResultsSimulation ResultsSimulation ResultsSimulation Results
Qi(t) 1μ λ− 1 2λ μ μ+ −

Sample scenario:
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Simulation ResultsSimulation Results ContContSimulation Results Simulation Results –– Cont.Cont.

2

1Lifetime: netT
H

∝
2

1Delay: netD
v M H

∝
⋅ ⋅

Slide 15



C l di R kC l di R kConcluding RemarksConcluding Remarks
Lif ti d d l d l tLifetime and delay aware deployment 
strategy
A bilit lti h ti t lA mobility-aware multi-hop routing protocol 
(Bounded hop count routing (BHR))

To control the trade off between delay bufferTo control the trade off between delay, buffer 
size and lifetime

Analysis of lifetime delay and buffer sizeAnalysis of lifetime, delay, and buffer size
Optimization problem formulation
Packet level simulator
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Packet level simulator


