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ABSTRACT

Since the existing protocols separated mobility management part and routing protocol part in their design and
used a flooding, they suffer from the high control overhead, thereby limiting performance. In this paper, we use
a tree-based mobility management method and present a simple and efficient routing protocol that exploits the
topology information which is built additionally through mobility management. Thus, the mobility management
and the routing protocol closely cooperate to optimize control overhead. Furthermore, we use a progressive path
discovery method to alleviate traffic congestion around IG and a unicast-based broadcast method to increase the
reliability of message delivery and to judge link validity promptly. The proposed protocol reduces control
overhead greatly and works in a stable manner even with the large number of nodes and high mobility. This

was proven by comparing with the AODV protocol that employs the hybrid mobility management protocol.
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- Registration along tree paths
- Topology information construction and
M update
M | - No flooding
- Quicker and more accurate management
of link information using uBroadcast
- Acquire a path reactively using topology
information that is built additionally in
R mobility management
- Update topology information through
T topology management and maintenance
process
- No flooding
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At src x that wants to find dst z:
set PC—RES—timer; //to wait for a response
send PC—REQ to its IG;
wait for PC—RES until PC—RES—timer expires;
IF PC—RES—timer expired THEN return; ENDIF
IF PC—RES arrives THEN

initiate packet transmission with the path;

ENDIF

At an IG y that receives PC—REQ:
calculate a path from y. TG by using the SP algorithm;
IF path is found THEN
reply PC—RES with path = (src, -+-, dst) to src;
ENDIF

3% 3. SPER A2 B gl
Fig. 3. SP discovery algorithm
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3.2.2. PP (MEIN Z2) 2o Y|

At src x that wants to find dst z
calculate a path from x.TG by using the SP algorithm
IF x fails to find a path THEN
IF x is not a root THEN
//to wait for a response
set PC—RES—timer;
send PC—REQ to its parent;
wait for PC—RES until PC—RES—timer expires;
IF PC—RES—timer expired THEN
return;
ENDIF
IF PC—RES arrives THEN
initiate packet transmission with the path;
ENDIF
ELSE
return;
ENDIF
ELSE
initiate packet transmission with the path;
ENDIF

At a node y that receives PC—REQ:
Calculate a path from y.TG by using the SP algorithm;
IF y fails to find a path THEN

IF y is not a root THEN

send PC—REQ to its parent;

ELSE return; ENDIF
ELSE

send PC—RES with path = (sr¢, +-+, dst) to src
ENDIF

T2 4. PRI A2 B daefE
Fig. 4. PP discovery algorithm

SP ERHFAlel| 4= PC-REQ H|AA|7} 34k IG7+
2] Ad=]7] vl Alxdo] wolxH 1G F9]dl &3t
Fafo] HhAslH A2 35 x|odx|7le] Aoz} o]

efah BAS AT AT 5 gl P AR

www.dbpia.co.kr



R E s

7|k o] o= UEYIE 918 <IEYl Alo|ESe] TS HaMH 2heE ZREF

Z g5 A old] 2AF Rt Eo] Telslw 9=
nE veZ a2z HRE 83 o)l A-TolA]
IG7H] AR Aol Sl 2AwEE2 o] FAl
REeA YuE A7 9lew, 1G] 77He eeel
% 6 B wEeA 4R bie sl

2E oA sl MRE IG7HA] HZAKE
= ?QXJZL& 3 Whes = We PP 24
(Progressive Path Discovery: %1% 7= gh4) kA
olg}a Wty 1 o Advd=le] 9l
o} vl Wi 229 TGE AME3le] AH2E
21, AFEh= 7390l PC-REQE Rz =eollA A
Foto] AE AR gAY} Frrce AR
sz 54 PC-RESE Al tollA] Bl a, 234
9o PC-REQ7} IGel| =t wj7bx] Flgh #4

Original path= (src, 3, 4, dst)
Salvage path=(3, 2, dst)
New path=(src. 1. 2, dst)

<=
R-ERR
J%l 5. ARET 34
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Fig. 7. Basic deployment scenario
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Table 2. Simulation parameters and values

Parameter Value

Mobility Pattern Random Waypoint

Pause Time 30
nNodes 1 fixed IG, variable nodes
Dimension 1000 x 1000 (m’)
Transmission 250 m
range
Bandwidth 2 Mbps
Traffic pattern CBR

15 (1 packet/sec)
(all sessions are alive until
simulation ends)

nSessions and
data rate

Packet size 512 bytes

600 seconds

Simulation time

ekt Be] 2715 a#dhr] Slete] 11 74"
IG2] 9JAoll wE Al 74 Alve]&E ARSI
S1, S2, S3+= IG7} 2, Zehaksh, Zujel] $1x/5k=
A7) Ave] 25 veldich QualNet ¥1A 3.9 A&
sflem, & 2% AR Jetele} ghs fofRich

AlEH o2 =2 5 (nNodes), :=E=9] i<
X (mSpeed), Alv}2] L S1, S2, S35 WAHA|7HA]
=8Y3}9c}. Hello "WA|A] A% 7] (Hello_Interval),
LU-REQ "A|A] #4% 57| (LU-Interval):= 3%2} 5
%7 747+ AA =gl LDR dae|&ex] =z

4.2.2. A2 "ot

2 3. A0 54 %7}
Table 3. Evaluation of key scenario properties

Sct(tlslgﬁO nNodes m?r‘rlgxg%f nl?r;ilzl‘ge()f
i children IG-Subtrees
50 9.5 52
s 75 14 5.3
100 17 5.8
50 5.5 8.7
2 75 78 9.5
100 11 8.6
50 3.3 15.2
$3 75 4.8 14.6
100 5.8 16.3

3 3¢ Al el] Wt tiste] 1G] Hat 24
yro] 4 9 37 IG-Subtreed = HolECh
IG-Subtree2] =7]+= S1, S2, S3 &A1& 718l IG
o] AP =] = R FhAgic) o) = wiEIgE
W3} HElS Wolpn, ARSE AU s R EFO
vkt SAS WKt 5 s AR el &

- et
4.3. Algzfojd Zxt

4.3.1. Broadcast?} uBroadcast

| ~UBDesignated —=-UB B |
100 N .
90
£ e
70 - ——
60
50
a0
0
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Reception ratio

10 15 20
Number of sessions

a2 8. Al 49 W3lel| w2 Broadcast?} uBroadcast2]
Hello <4143-8 (nNodes = 100, mSpeed = 0 m/s)

Fig. 8. Hello reception rate of Broadcast and uBroadcast
with the varying number of sessions (nNodes = 100,
mSpeed = Om/s)
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ok wfebd, ACKS W] R3hd 57t i g=v) o)
EFgirka PRk 4 Qiek wE e e
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4.3.2. ZE2EA Yol E =2 ZO|

E 4. 3 AR ZHo] (507 kX)
Table 4. A Average path length (50 nodes)
Secenario S1 2 S3
Method
PP discovery 2.27 2.34 2.32
SP discovery 2.23 2.22 2.25

TLSRe| PP} SP 514 ubilS Algd o =] 2
ol wlasteiek. gle] F aollAl AlAlshe nhsl 7o)
PPE 53 729} SPR 53 2o Holi= o]
7], —6]_1;},_7-]0 01—/‘\011;], PP E}—/Q]J ll%u
EERAYRE Al ARE P52
T 358 Ao dolrt Hubrle] Al wla 2
2Jo)7} glth= AL oF 2= gJrk Sp BRI ukAlo] Rl
A FhE st ERRANe 2o & ke
g aefsh PPRka) Whlo] Hgstela waidt

oIk

e

_{

4.3.3. HMo{ojAIx|e] 2B{3=

ol 54 I (BEEZEA I 2 k= 559} g%
eal PalE o= B8] 9lste] Alg o
2] 7}2] wAR] Sl gt dlolEl S skl & 4
9} 50 AAE Ao ZH S30|4 TLSR-PP7} 242
o] Alojw| A= o] v]AgAFH]] S71E Btk 3004
£ Eg] w7} 7] wjiel] soper} aRile] F=
ol 7}sisk 7sAde] =t ufebA, F=ot Ay

868

=7

tlo

olvghe},

F 5. Aue] Lol uhE 2her Ale] wiAA] £ (505)
Table 5. Analysis of routing control messages according
to_scenarios

Routing Overhead
initiated(l) or relayed(R) messages
S Mgl ® ol ol ® |
PC- |PC-R|PC-R|PC-R| R- |R-ER |(KB)
REQ| EQ | ES | ES | ERR | R
(©) 1365 569| 1278 576 903| 1008| 2.2
S1 |@ | 1365| seo| 1278] 576] 903| 1008 22 |
(@ | 1573] 706] 1as6] 732 1100| 1226] 256 |
(@) 897 765 783 759 680 792| 1.8
s2 |@ | 32| 05| s4s| e25] sa1] 00| 1.6 |
(@ | 1950] 2342 1708] 2260 1251| 1405] 42 |
(©) 1784 7901| 1234 910 1238 1392| 5.0
S3 |@ | se9| s3] s10] sa1| s74|  es4] 15 ]
(@ | 1735| 3187] 1a71] 3024 1268| 1409] 456 |

* M(Method): @ TLSR-PP @TLSR-PP-LDR (3) TLSR-SP-LDR

6. Aue] ool up o]gA W] (BEEA W2 E 55
Alef wlAIA] 4 (50 =)

Table 6. Mobility control (topology management and
registration) message analysis according to scenarios (50
nodes)

Mobility management overhead
topology management + registration)
S; | M* | __initiated(l) or relayed(R) messages
Hetto g |CRo [DEC- | (LU | Total)
@ | 10477) 770 9| 6141 | 2770 4.2
st [@ | 10847] 749 | 2| 6147 2ma|  42]
@ | 10849] 760 | 8| e1as| 2739 44
10449| 1374 34| 6120 8652 6.7
s2 [@ | 1016 1380 | 45| 6124 | 8492 |  65]
'@ | 11023] 1513 83| 619 8390  69]
| @) | 10361) 2897 | 447 | 6037 | 27808 | 131
S3 11057| 1476 | 25| 6087 | 11404 7.7
'@ | 10935] 1590 | 86| 6090 | 11316  80]

* M(Method): D TLSR-PP @TLSR-PP-LDR 3 TLSR-SP-LDR

E 5 Ae] Lol wEba 2R Aot AA|2] 1l
T2 kit TLSR-PP7}  ARgEE 79l
(DPC-REQ?| = IG-Subtree®] Z7|7} 7hadh wf
gt} o]AL v 2 Elo) £3F fx s 2
o] TGRHE FA4AE t] & 45 = 7] wstolth
3125k, $36l14] TLSR-PP7} AH8-2 w] (I)PC-REQ<]
7o STk AR A5 wAAE IGE FElA 7
Tl whefiele Fore] A wstell AR FS50]
A= Afsl7] wfite|ok S3¢l4 TLSR-PP7} A4
o (R)PC-REQs®] HIA 4] F7h= FZ tjollA] 1k
55 AF wltolrh
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Fig. 9. Control overhead with different scenarios
(nNodes = 50, mSpeed =10 m/s)
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Fig. 10. delivery ratio with different scenarios
(nNodes = 50, mSpeed =10 m/s)
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Fig. 11. Delay with different scenarios (nNodes =
50, mSpeed =10 m/s)
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Fig. 12. Jitter with different scenarios (nNodes =
50, mSpeed =10 m/s)
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Fig. 13. Control overhead with variation of mSpeed
(S3, nNodes = 50)
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Fig. 14. Delivery rate with variation of mSpeed (S3,
nNodes = 50)
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Fig. 15. Delay with variation of mSpeed (S3, nNodes
= 50)
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Fig. 16. Jitter with variation of mSpeed (S3, nNodes =
50)
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Fig. 17. Control overhead with variation of nNodes
(S3, mSpeed = 10 m/s)
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Fig. 18. Delivery rate with variation of nNodes (S3,
mSpeed = 10 m/s)
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# 7. AODV-HybridS $13+ sj=}lve} gt
Table 7. Parmeter values for AODV-Hybrid

Parameter value remarks
Transmission hop
count of registration K=2 K = TTL
message

Transmission hop K increases by 2
count of Response _ if a node fails to
K=2 .
request message find a registered
node or an IG

Transmission interval
of response request 5 sec
message

Advertize message

interval 2 sec

TTL increases by
RREQ transmission TTL=> | 2 if a node fails

hop count to find IG or
destination
E 8. #FE 2 55 2¥3= (50 nodes)
Table 8. Routing and Registration overhead (50 noes)
Routing Registration
Si Protocol overhead overhead
(KB) (KB)

s TLSR-PP-LDR 2.2 4.9
AODV-Hybrid 11.9 20.0
© TLSR-PP-LDR 1.6 7.3
AODV-Hybrid 22.4 67.1
3 TLSR-PP-LDR 1.5 8.6
AODV-Hybrid 26.4 83.7

| ~+~TLSR-PP-LDR -8 AODV-Hybrid

L
2

B
L=

1

Control overhead (KB)
& 38

51 52 53
Scenario
T8 21, A= o2 Ade] el tigk Ale] enjE=
(nNodes = 50, mSpeed = 10 m/s)

Fig. 21. Control overhead with different scenarios
(nNodes = 50, mSpeed = 10 m/s)
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2
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2
- 20
o
0
51 52 53
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J7 22, AR oE Ave] Lol gk H543-8 (nNodes
= 50, mSpeed = 10 m/s)

Fig. 22. Delivery rate with different scenarios (nNodes =
50, mSpeed = 10 m/s)
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Fig. 23. Delay with different scenarios (nNodes = 50,
mSpeed = 10 m/s)
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Fig. 24. Jitter with different scenarios (nNodes = 50,
mSpeed = 10 m/s)
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(R)PC-REQ #%). ©|71¢] TLSR-PP-LDR?] =< 7
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| —=TLSR-PF-LOR -l-M'JDU-H-.rlxid|
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=

1

Control overhead (KB)

1 5 0 20 30 40 50
mSpeed (m/s)
T2 25. mSpeed W7ol wpE A|o] LW = (S3, nNodes
= 50)

Fig. 25. Control overhead with variation of mSpeed
(S3, nNodes = 50)
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Fig. 26. Delivery rate with variation of mSpeed (S3,
nNodes = 50)
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Fig. 27. Delay with variation of mSpeed (S3, nNodes
= 50)
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Fig. 28. Jitter with variation of mSpeed (S3,
nNodes = 50)
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Fig. 30. Delivery rate with variation of nNodes (S1,
mSpeed = 10 m/s)
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