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1. Introduction
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Mobicast

[]
routing protocol in the wireless sensornets

e A spatiotemporal variant of multicast called a
“mobicast” were designed to support a forwarding
zone that moves at a constant velocity, v, In
sensornets.

® This spatiotemporal multicast protocol provides
sensing applications that need to transfer the
multicast message to the “right” place at t
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Mobicast framework

Forwarding Zone
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Our Mobile-Sink Implementation
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C%ﬂEAZDOT Multi-Sensor Module
(MTS510)




. 0 & Bzt ( ARTESS
S 1 E NTPU, Department of Computer Science and Information Engineering

MICAz - 2.4 GHz IEEE
804.15.4/ZigBee™ Compliant Mote
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CE%FMOCA— Micro Climate Multi-
Sensor Node
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Gateway & Network Interface Modules

al Jale = A =:l:,‘v!‘

Board Computer




@B IBEww.xbow.com/Proatet Gt

sdetalls.aspx?s1d=3

WMote-WIEW Charts

Ethemet —
Cell Phone e
% orWiFi
A o)t ( o "“*'Huuuﬂd‘u
_ Intemet .. ; "N
Stargate (Q*%—-a_f - _IZZ“'{ ﬂ'ﬂ'j"ﬂl%
Base Station =

Mote-VIEW Remote

Environmental Sensors Access & Data Display
Radio Meash Netwaorks

| . . .
Xhesh Metworking Xserve erver MOTE-VIEW Client
[MICAZ, z] (PC Server or Stargate) Or 3rd Party Cliant

T















“CS'E

F Az e (EATERR

NTPU, Department of Computer Science and Information Engineering

Mobicast framework

Forwarding Zone
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2. Related works
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Related Works

= Multicast

e IEEE INFOCOM “MSWiM “WCN IEEE
GLOBECOM (2003).

- ﬁg
e Ko et al.,*“Geocasting in Mobile Ad Hoc Networks: Location-Based

Multicast Algorithms” WMCSA (IEEE Workshop on Mobile Computing
System & Applications), 1999.

= Mobicasting

® Huang et al.,“Design and Analysis of Spatiotemporal Multicast Protoge
Telecommunication System, Aug. 2004. >

e Huang et al., “Spatiotemporal Multicast in Sensor Networks;™ (
Nov, 2003.

®rHuang et al., “Reliable Mobicast via Face AWJ_'“" |
{WMN/ INFOCOM, March 2004 =
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Location-Based Multicast Algorithms” WMCSA,
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I  Telecommunication System (SCIE),

— Aug. 2004.

sensornets

® A new multicast routing protocol
¢ Multicast message be disseminated to the “right-place” at
the “right-time”
® A special class of spatiotemporal multicast

¢ Mobicast routing protocol

m A delivery zone that translates through a 2-D space at some
constant velocity =—Ab

m Centralized Algorithm
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= Hold-and-Forward

® Only nodes on the path of the delivery zone will
participate.

® Delivery-Zone-constrained (DZC) protocol
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DZC Protocol Cannot Guarantee Deliverv

DZC protocol fails the
- delivery to node X

-l-ll -
Delivery Zone ﬁf
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Problem : how to determine who should
knowing the detail of the global network C
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A Reliable Mobicat Protocl

= Forward-Zone Constrained (FZC)

® Only nodes In the path of the forwarding zone will
participate in the mobicast forwarding.

- -
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Huang et al., “Spatiotemporal Multicast in Sensor
Networks,” ACM SenSys, Nov, 2003.

local environment

® Local compactness

® Reduce message overhead

@ Distributed algorithm but is un-reliable

2
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Huang et al., “Reliable Mobicast via Face Aware
Routing”, IEEE INFOCOM, March 2004.

= Reach reliable mobicast delivery
e Using information form a sensor node’s immediate spatial

neighborhood

e Forwarding schedule depends on local topology information.
4 Right-hand neighborhood discovery protocol

e Face-Aware Routing (FAR)

¢ Greedy Forwarding
m Forwards a packet in an “as-soon-as-possible”
¢ Timed Forwarding
m Forwarding decision based on the “relative
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Face-Aware forwarding using greedy and timed
forwarding schemes

Greedy forwarding Q__ B

Tlmed forwardlng
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3. ur -MODICaSt routing pProtoco
1. ACM Wireless Network, 2006
2. IEEE ICC, Korea, 2005
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VE-Mobicast: A Variant-Egg-Based

Mobicast Routing Protocol in Sensornets

Yuh-Shyan Chen and Shin-Y1 Ann

Department of Computer Science and Information Engineering
National Chung Cheng University, Taiwan, R.O.C.
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Motivation

et s f . | vari :
multicast system were designed to support a forwarding

Aalara a aara a ala a Aalvra a ala [ ara
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= To consider the path of a mobile entity which includes
turns, this work mainly develops a new mobicast routing
protocol, called the variant-egg-based mobicast (VE-
mobicast) routing protocol, by utilizing the adaptive _

variant-egg shape of the forwarding zone to ach ﬁ)/
predictive accuracy. |
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Delivery zone Z][t], Z[t + 1] and forwarding zone Ft

+ 1] at time t and t+1
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Spatiotemporal multicast and VE-
mobicast
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Application example of the VE-mobicast

o o °© Soldier o o
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iracking
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Intruder moving area of
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System Model

. Tl I ilities of all es. including f

mobile physical entities (or mobile sink node), in our

by using GPS (Global Positioning System) or other
location information-aided devices
e Our approach adaptively determines the forwarding zone

based on the location information. Without the location
Information, the exact forwarding zone cannot be accurate
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Cont.

m This paper Is assumed that all nodes are synchronized.

When nodes are not synchronized, the predictive
mechanism of our VE-mobicast protocol cannot be

correctly performed.

e This leads to predict the incorrect size and shape of the
forwarding zone, and it causes power to be needlessly
consumed.

= All sensor nodes are homogeneously and randomly _
deployed in a monitoring area by a random network. 1“ :
This paper is only concerned with a statigrang-irregular |
topology, i.e., all sensor node Iocatioiﬁéréﬁx’gﬂ 'é..rqd ¥t

<WME'},regular. il =5z J —— s
Gl J -Ez;‘:ﬂ V_ﬂ — _ N P :
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. Tl . .  \/E-Mobi g ed on
control packets to determine the right forwarding zone

' a distributed fashion. Therefore. thi .

Investigated the robust problem when VE-Mobicast
operation losses of control packets.
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Contribution

—m To simultaneously consider the factorsof

moving speed an direction

® This paper mainly investigates a new mobicast

routing protocol, called variant-egg-based mobicast
(VE-mobicast) routing protocol, by

® To utilize the variant-egg shape of the forwarding

zone to achieve mobicast forwarding with high
predictive accuracy.
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Our basic 1dea

® A distributed and adaptive mechanism to provide a
dynamic shape of variant-egg
¢ Dynamically adjust the shape and size of variant-egg

¢ Variant-egg-based scheme offer the result of high
predicted accuracy

OMaintaining the same number of wake- -Up sensor node /

this work
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% \';arlant Egg- Based Mobicast
Routlng Protocol In Sensornets

variant-egg forwardlng Zone

= Two phases

<

D

D

0

nase |: Egg estimation phase
nase |1: Distributed variant-egg-based mobicast

1aS€E
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Phase |I: Egg estimation phase

Fyelt]

A

Fyli+1]1=(x" )26 (x*+y)=0  Z£L/] / | H[{] Foglt+1]

T

The oval of Cassini
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Phase |I: Egg estimation phase

ot e § ' 1)

® Based on Cassini Oval

J. J.
e e

[(px)? + (qv)*]* = 2¢*[(px)* — (gv)*] = 0, where tan® = ¢/pand p x g = 1.

= Sensor nodes P In H[t] estimate the shape and
size of next variant-egg Fg[t+1]

®  H[tI=FetINFRelt+1]

<
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Example of phase |




P%ase [1: Distributed variant-egg-

based mobicast phase
= Control packet E N
e 1 Isusedto limi oackejtjf(.[)‘rwarding,
where initial value of H is the estimated hop number
(from phase I) and initial value of h is 0.

o Ifﬁ =1, stop the message forwarding
® Ny;, Nypy, ..., Nyjdenotes the traversed-path history
® P, - packet Is allowed to be re-forwarded at time t;

® New P, packet Is forwardeg
t,=t,+d+backoff_time

P..(2/4, X,B)t,

<
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h LSO IR .
mLet = L= jfPisinregion ]
Hmerge 1<i<m Ih
Mi .
Moerge _ atiem .. .
m Let H ~min 1, IfPIsiInregion 2
merge 1<i<m =
h Max b
merge __ _i<i<m
min H- 1P IS In reglo f

‘ H merge 1<i<m
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S%ﬁample of merglng operation

P..(2/4, Z,B)t,

(a) Region 1 (d) Region 1 I

Rl 1 T B |
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SEiB«Emple of merging operatlon
(Reglon 2)

h
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Pr(3/5, X, Y, A,
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¥
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@ (b) Region 2 (¢) Region 2 mN
Zond Fan T =
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Reouon 3)
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(c) Region 3
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Region 3

P..(3/5,X,Y,A)t,
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Scenario of the no ”hole” problem
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Performance analysis

predictive accuracy and energy efficiency of our

algorithm, and perform an analysis of our
algorithm in terms of the number of messages

used and running time.
= The simulation results are then analyzed.

2
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Mathematical analysis

a1y +c; = 0 and Fyg[t + 1], P' is the intersection point of line b1x — a1y + ¢y = 0 with Z[t + 1], Ry

is the radius of the delivery zone Z|t|, Fry1 is the focus of Fyg(t + 1], and Z; 11 is the point closest to

Fi.
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Low Bound of Predictive Accuracy

y
A

pr FVE[H'l ] z(x2+y2)2_262 (xz_yz)




@A%’Jtﬁ?‘ h ﬂ‘ﬂIF’@—f*

D0
CSTE o
Low Bound of Predictive Accuracy

y
A

pr Fyft+1]=032)2-2¢2 (x2-2)

— R4 [low_bound

area of Z|t-+1]Narea of Fyr|t+1]
area of Zygp(t+1]

| / Ri?—x2dx

TCRd

Zt+1]

R |PP’

I
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Lemma 2.

Lemma 2 77e low bound of energy consumption of the VE-mobicast protocol from time t tot + 1 is
Niotal X (B 4+ (d — 1) P+ Pyyyizein B Where Nyora s the total number of sensor nodes in Fyg|t+ 1), d is
 the average degree of all sensor nodes, P, is the power consumption cost of one data transmission
operation, P, is the power consumption cost of one data reception operation, and Ps;tcj, is the power

consumption cost of a switching operation to switch a sensor node from the sleep mode to the active

mode.

-
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Low Bound of Energy Consumption

Farea = 0 2e(x2 +y2)2 — 2(32()62 _yz)dXdy

?
A
Fy,
Niotal = ﬁ;ga
Transmission Ye, 2 2\ ~2,0 2
range _ Jo T HyT)T - 2en (7 ) ) dxdy

The low bound of energy consumption

]me/
z (Pt + (dPa — 1)])} +Pswitch)
o=1 \ > ' (
Degree of sensor node P,
WMN ~ Motal X (B —'_ (dil )Bﬁ +PSWlfCh) Eﬂaj :;‘;‘if Cr%
\ﬁ/ y Average degree of sensor nodes 3
}wm ! LN
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— Lemma 3 The total munber of mobicast messages of the VE-mobicast profocol from time t to t + 1

i Nioral X (d — 1) jwhere N, is the total number of sensor nodes in Fyg[t+ 1| and d is the average

~ degree of all sensor nodes.




Iﬂ;.%it;‘:.? h ﬁ‘RIF$+

D0
CSTE o
Total Number of Mobicast Messages

Farea = f() 2e(x2 _'_y2)2 _ 2(32()62 _yz)dXdy

X
A
_ Fy,
N total — R;ga pr Fpft+11=0242)2-2¢2 (x2-?)
Transmission
\/_ 2e 202 2\ g+
range . (x* )2 —=2e% (x* —)*)dxdy

Rt?

Total Number of Mobicast Messages

Average degree of sensor nodes |' \ : ;
|
Niotal

>, (dp, = 1) = Nigrar < (d = 1) ]
WMN Degree of sensor node P, EF‘G
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- Lemma 4 The running time of the VE-mobicast protocol from time t to 1 + 1 is '*’re — 1) x ((d—

1) T, + Ty ) where V;—f is the diameter of the Fyg|[t+ 1|, d is the average degree of all sensor nodes,

— T, is the time cost of data transmission, and Ty, is the random backoff time. —

oy
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The Running Time

Time cost of data transmission
\/_e 1

Total running time = dp, — 1)1+ 1j

Random backoff time

(‘f‘f
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Simulation result

e Our paper presents a variant-egg-based mobicast protocol. To

evaluate our VE-mobicast protocol (VE-mobicast), Huang et
al.’s mobicast protocol (mobicast) [10], and the FAR protocol

AN\ T2

(FAR) [12],
% all these protocols are mainly implemented using the NCTUns 2.0
simulator and emulator [28].
e The simulation environment
¢ 1000 x 800 m?area with 800 sensor nodes which are setting by random
4 The communication radius of sensor node is 35 meters
¢ The delivery zone is a circular delivery zone
m velocity is 45 m/sec and radius is 45 meters —=F
4 Consumption of power is denoted as n = W@vaf), ES!#?
® n =1, sensor node in sleeping mode g =

WMN ®m n =5, sensor node in active mode _.J_-ngﬁf *"f“/_yf ,r ”"72 -~
_M/ = n = 10, sensor node transmits the message- o 8“7 s B |
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%%eE Initial estimated shape of the
variable-egg

| ot efined
GPA(p,q) = PA simar PA, Where PA_ , denotes

the predictive accuracy (PA) under given values
of p and g, where p xg=1.

J. J.
e e

[(px)* + (qv)*]* — 2¢*[(px)* — (gv)*] =0, where tan6 = g/pand p x g = 1.

<
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ance of the average predictive accuracy gap
GPA(p,q) vs. (a) the rotation angle (10% <RF <100%), (b)
the rotation frequency (6 <ND <20 nodes/m?2

—4— RA=50" —— RF=100 %

—l— RA=45° —8— RF=90%
= —h— RA=40° = —tr— RF=80 %
g —&—RA-35° 3 —A— RF=70%
L;ﬂ —¥— RA=30° ; —#— RF=60%
B —8—RA=25° 3 —&— RF=50%
A —+— RA=20° —t— RF=40%

—6— RA=15° —6— RF=30%

—8— RA=10° —8— RF=20%

—o— RA=5° —o— RF=10%
(p,q)=(1/5,5)(1/4,4) (U33)(12.2) (L1) (2,12)(3,13) (4,114) (5.,1/5) (p,g)=(1/5,5)(Li44) (13,3)(12.2) (L1) (2,112) (3,1/3)(4,1/4) (5,115)

(10 = RF < 100) (6 = ND = 20 nodes/m”)
(a) (b)
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Performance of the average predictive accuracy gap
GPA(p,q) vs. (c) the network density (10% <RF <100%).

24
. —— ND=6
20 el ND=8
=g
& —&— ND=10
o 16
- : —A— ND=12
= 14
= 12 4 —%— ND=14
-

—8— ND=16

—e— ND=20
(p.g)= (15,50 1/4,4) (1/3,3) (12.2) (L1) (2,1/2)(3,1/3) (4,14) (5,1/5)
(10 = RF = 100)
(c)
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Performance Metrics

[]
sensor nodes located in both Z[t +1] and F, ¢[t+1] (or

Z[t+1], 1.e., PA =100% if all nodes in Z[t +1] are
located In Fg[t +1] (or F[t+1]).

= The packet overhead ratio (POR) Is the total number of
packets that all sensor nodes transmlt mcludlng the

minimum number of packets used In ogg
rotocol. 7"*’

2 [ L »-'ﬂ . L
T Y v
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~m The throughput (TP) Is the total number of data
packets the mobile entity receives from sensor
nodes In Z[t+1] per second.

= The power consumption ratio (PCR) is the total
power consumption of all sensor nodes divided
by the minimum power consumption of our VE-
mobicast protocol.
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Simulation result

ne pnredictive a 2 D A) IS the percentaqge

- iy \J A S AN Y - " NJ \J T \J

of sensor nodes located In both Z[t +1] and

- Fye[t+1] (or Ft+ ivided by the total number
of sensor nodes in Z[t+1], i.e., PA =100% Iif all

nodes In Z[t +1] are located Iin F, [t +1] (or
F[t+1]).
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nce of the predicitive accuracy vs. the rotation

angle, where (a) the rotation frequency = 10%, (b) the
rotation frequency = 50.
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eijfﬂrEance of the predicitive accuracy vs. the rotation”
angle, where (c) the rotation frequency = 100%, and (d)
10% <'the rotation frequency <100%.
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Cﬁoﬂnﬁnce of the predicitive accuracy vs. the rotation
frequency, where (a) the network density = 6 nodes/m?, (b)

the network density = 12 nodes/m?
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(;§olngnce of the predictive accuracy vs. the network
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density, when (c) the rotation angle =50, and (d) 5° <
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Simulation result

| | head ratio (POR) is t |
number of packets that all sensor nodes transmit,
Including the control and mobicast messages,
divided by the minimum number of packets used
In our VE-mobicast protocol.
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of average packet overhead ratio (POR) vs.

(a) rotation angle (RA), (b) rotation frequency (RF), and
(c) network density (ND)

Average packet overhead ratio

A Mobicast
—&— FAR
—{1— VE

5% 10° 15° 20° 25° 30° 35° 40° 45° 50°

RA (0% < RF < 100%)

(a)

Average packet overhead ratio

A— Mobicast
+ FAR ......................
—{— VE

AAAAAANAAANAS

L A AAAAAANAAAALNNNEAR

0 10 20 30 40 50 60 70 80 90 100

RF (6 =< ND = 20 nodes/m?’)

(b)

Average packet overhead ratio

A Mobicast
+ F AR ......................

8 10 12 14 16 18 20
ND (5° < RA < 509




- _*’. -
F Az ERXB(GEATESRR
NTPU, Department of Computer Science and Information Engineering

~ o
CSITE
Simulation result
~m The throughput (TP) Is the total number of data
packets the mobile entity receives from sensor
nodes In Z[t+1] per second.

<



F Az g re ((*EATESSR

)
Cérﬂoﬁwance of the average throughput (TP) vs. (a)
rotation angle (RA), (b) rotation frequency (RF), and (c)
network density (ND)
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Simulation result

I . 0 (PCR) s t I

power consumption of all sensor nodes divided
by the minimum power consumption of our VE-
mobicast protocol.
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wer consumption

ratio (PCR) vs. (a) rotation angle (RA), (b) rotation
frequency (RF), and (c) network density (ND)

Average power consumption
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Conclusion

m In this paper, we present a new ’spatiotemporal multicast”
protocol for supporting applications which require
. | ination |

= To consider the path of a mobile entity which includes
turns, in this paper, we develop a new mobicast routing
protocol, called the variant egg-based mobicast (VE-
mobicast) routing protocol, by utilizing an adaptive

variant-egg shape for the forwarding zone 10 acmf,
predictive accuracy. -
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4. Our HVE-mobicast routing protocol
1. IEEE WCNC, USA, 2006




A
NTPU, Department of Computer Science and Information Engineering

0 GF Az i r2 (EATESR
CCUC S 1 E " B2 ==

Extended result

= Yuh-Shyan Chen and Yi-Jiun Liao, "HVE-Mobicast: A

Hierarchical-Variant-Egg-Based Mobicast Routing Protocol for
Sensornets,"

e |EEE Wireless Communications and Networking
Conference (WCNC 2006), Las Vegas, NV, USA, 3-6 April
2006.
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HVE-mobicast routing protocl
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5. Conclusion
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Conclusion

" « devel b .

protocol for WSN (wireless sensor network)

= Future work
e multi-sinks mobicast routing protocol.
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Homework #12:

oell 0 E Az g xR (G EATESSR
CSIE E

1. What’s mobicast routing protocol in WSNs ?




