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Node Mobility Based Routing Algorithm in Opportunistic Networks

ZHANG Qi-Fei, GUI Chao, SONG Ying, SUN Bao-Lin, DAI Zhi-Feng

(School of Information and Communication Engineering, Hubei University of Economics, Wuhan 430205, China)

Abstract: Opportunistic networks utilize the contact opportunities created by node movement to forward data between node pairs. Data
is piggybacked during its carrier’s movement, which guarantees node independence while impairs data transmission performance. This
paper designs a routing algorithm for opportunistic networks based on node movement characters. Considering the factors of data
transmission, data content and application demands, a data forwarding priority evaluation model is developed and adopted to determine
the data transmission rules combined with the division of node activity range. A differential message replicas transfer strategy is thus
proposed to achieve a tradeoff between transmission efficiency and system overhead. A node free motion degree function is constructed
according to activity range distribution, centrality degree and energy level to evaluate the node motion level. And then a utility function is
deduced for relaying node selection. The simulation results show that the proposed algorithm achieves higher packet delivery ratio and
less delivery latency while satisfying application demands and restraining network overhead.

Key words: opportunistic routing; data forwarding priority; free degree of motion; utility function
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Fig. 1 Illustration of routing in opportunistic networks
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teT
P ééL%%?” s (15)
l (“ZNi—l"‘”ZNiH) '
a+p=1
u+v=1

222 B RS

A& SR s A I A O Ml AT R TR 7E B R HR B RS T 1 P K@ A A R R Y AT S R A B R AR
L7 A5 AR B R v, U R AR P R A 2 5 R S A B IR AN R T AR (0 A i R N R s s R
e AR 2N 32 B M RAE B 755 . [FT B D T A I A i T AR 1 0 B R AR SR R [R5 g N R R B 5 5 1
B, 58 SO R B 2

U(m,s,i) = F,P, (m,s,1) (16)
ZEA (D). (2)s (15). (16)5:
SIAA
B, mar@, | a2, 1= (ATe |1 -
U(m,s,i) = —f” te? [ > S
wew *
m + ﬁ@ (17)
("ZNiq +UZN7:+1)
a+pB=1
u+v=1

R oR E BR 8 L5 A ST R I B KT R ERE A S R L, SRAE AL i 1 22 5 TR 1 5 Bk S 00 B A I
Ap i, 58 MR B BUEE AR UFI (Utility Function Index) N:

SIAA
aZN[lf(/\T +MT,)]17 i
UFI; = mazG ter Z S (18)
’ J€y €T wEWi

(u) N, + 03 N,

A i e 0 2 B0 I D0 2 =5 18 B0 RO 450328 30 1o A 3 338 Bl R A% A f R 7 A il B LA o
% 18 A G DLRCYT R A A 55 R B2 3t o A4 B Y I S8 0 DA ST I8 B R R A 1 e B R
A B S POl i, T RIS B R, S A O B AT R R AR A B I 38 I L UFTE, 15 204 M UFIHE
AR B8 — 77 1) B8 v ) — 7 e, S O 0l FR) e 2
2.3 BUERITS I

W& GPS SEBLA& () I N, 19 sl AL B O oy R4 i) — A B L R GO 1 Rl L B R S5 A 48—
X R L B S HEAT B SR BUOBUR A TR 20K B AT RE R HESR AT A5, L 75 I s W WU A AT 2
7 B K 4R
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PreRelease Tag| Node ID | Sequence ID [Start Time 1| End Time 1 | Position 1 |Start Time 2 [ End Time 2

Position 2 | ...

End Tag

Fig. 4 Itinerary pre-release message
El4 1TIEMAMHEE

Forp S5 SR TR J& T RT3k X0 A0 SR YT A BR AR UK AR A R 2 i o B TR A AT R o B A B i 2 B 5 g

P BRI, 75 2 3 2l i i 55 4% 4114 S A7 B ST B A S 1 SR

RealTime Update Tag | Node ID |Sequence ID | Current Time | Current Position

Fig. 5 Real time location update message

E5 ZRMIEEIEI

for B AR 55 5% 1 IR B U J2 00 P 910 5 ST A B AS U2 AR T e A W 0 R B A 3 RN L B R

S5 aniR 8] H AR B2 BT A2 B A5 L.

T I8 J5 AL BR) B 81 3R DiffusionVector A% AT JE BA 51 MessageQueue, 28 J5 £ % i &4 & DV

A SR phe e DY ARYEF BB AT W T Ab 3
FOR Vpkte DV DO
IF pkt.target 5= F C. THEN
W pkt I+ M DiffusionVector # fk
ELSE IF pkt.type 4 DataPkt THEN
IF 88BN ActiveMove THEN
i X MessageQueue

1230 B ki pkt.target,iZ s« ActiveMove,pkt.type«DiffusionPkt

endIF
endIF
endFOR

XHEWCH B A MO H RN S msg e MO RIS FLF R AL 56 9 e H AL B AT AR B, 32 1 S e

FOR Vmsge MQ DO

IF msg.target /&£ H . THEN
U msg H: M MessageQueue Bk
Else
IF msg.dfp N EmergencyData THEN
IF 23N ActiveMove THEN
IF msg.target 5123 H {7 —3 THEN
i N\ MessageQueue
ELSE
msg.type«—DataPkt Jf- I\ DiffusionVector
endIF
ELSE IF msg.target i - IAA THEN
S msg.dfp

msg.type<—DataPkt F I\ DiffusionVector
ELSE

i X\ MessageQueue
123)) B br—msg.target, iz 31 A —ActiveMove
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msg.type<DiffusionPkt Il \ DiffusionVector
endIF
ELSE IF msg.dfp 4 PriorityData THEN
IF msg.target il T- RDA THEN
IF 28134 ActiveMove THEN
IF msg.target 5i2 3 Hhx—3 THEN
i N\ MessageQueue
ELSE
msg.type<DiffusionPkt Il \ DiffusionVector
endIF
ELSE
i \ MessageQueue
123)) B br—msg.target,i 15 7. —ActiveMove
endIF
ELSE IF msg.target il - AAA THEN
HH msg.dfp
ffi X\ MessageQueue
183 H br iRz 30 B AR BA S O e 40 & 1K 77
ELSE IF msg.target i T IAA  THEN
IF msg.ufi /N T 1% AR (18) 151 UFI{ THEN
B msg.dfp Al msg.ufi
i X MessageQueue
ELSE
P
endIF
ELSE
i X\ MessageQueue
endIF
ELSE
IF msg.target il T- RAA THEN
fi N\ MessageQueue
ELSE
IF msg.ufi /N T 1B AR (18) 5 UFI{E THEN
B msg.dfp 1 msg.ufi
i N\ MessageQueue
ELSE
P
endIF
endIF
endIF
endIF
endFOR
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3 RERMEETE

{i i ONE (Opportunistic Networking Environment)?” T Bk 4T {7 2 .78 I S A2 3% 3 5 b 35 s 4 DA REAL TR
I, BN [RVRE 2R A 19 R B AN TR J . DA el [X 37 55 R 491, 3 4E 0T 60,465 = 25751 % (Senior Executives). 12
BN 5i(Mid-Level Management) Pl & ¥ i T. A (Workers), H H i & [ S Sedemn, HEE BN IR %
I8 TR S K. el X A A an ] 6 R, B E B X (R4S 7 LEd. SEAE., A~ W), REXEIEET
LAVEIT I, J. %8 gL BB mkX). A= X (EFE A X I~VID PA R A X (BHE FAR % X 1.
11 DA e 8 0 o8 BR) AR AN [R5 R0 B AT 4 2,8 & B U5 1) X 38 5 58 Ik 27w,

- B ~EE \

XN

Fig. 6 Sketch map of industrial park
Ee ERXNHREE

HMERZHIIG BN 3 F PR SEFAE D B9 4. 2 A LA F S HUECE 5 O PP 23 B a0
R, U0 3PS ARYE R 3 7P A e S BfE L e LU B, v SR B A D e S B R A SR R 4.

Table 2 Illustration of visit area definition for park staff

#2 EIRXARGEIXEARER

NV #3 B 1] (X 45 BEHLY i) X 3K BBV i X 35K ARk Yy 1] X I
[ RN RIT I TP A X A% E/EEFEE/EEEH& X RN/ LS x
TREH R AT XA RNS X X A S YN RN x

WL R &/RT/AEX A X/ LIRSS l: HEABEEIAX  WHAH

R T 545 R B R B L D056 Bt A 3l K S L DEP AR IR 73 5 8 [16,8],[4,21M1[1,1/2,1/4]. )
R AT LA W, = 2R 9 B BUBE SR 5 EE DY 0.005:0.125:0.87, 75 & T %5 18 21 AL 5 0 250 187 1 L, B 1748 o 1y
FEAE L AR AR TP OB, BEE N . R AIBUE 209 6=0.4,v=0.6.[F] I 2k B th BN R, 2 a=1,=0. MR 45

F 2 WHHEE RGN EE A~ H Ay B =1 R e =1 R = 0.972 Al S8tk

SenEze ’> MidMng * Workers
SHR.
Table 3  Priority values and occupation ratios
®3 MAERESSHE
A
WiH 4 2 1
T EAR S g Senior Executives (5%) Mid-Level Management (15%) Workers (80%)
ERL Wt Major Information (10%) Important Information (30%) Ordinary Information (60%)

FF ZEAR S % Best Effort Delivery (60%) Urgent Delivery (30%) Critical Delivery (10%)
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Table 4 DFP values and probabilities
#4 DFPBERIMME

DFP & B
16 0.0005
8 0.0045
4 0.0275
2 0.0975
1 0.24
12 0.342
1/4 0.288

Table 5 Experiment parameters

x5 LWEBHE
S8 fH
A 4.5%10°
u 5.5%X10°
Message Size 500 KB
Interface Transmission Speed 250 KB/s
Interface Transmission Range 20 m
TTL 6 hrs
Movement Model Shortest Path Map-Based Movement
Move Speed 0.5-1.5 m/s
Simulation Time 12 hrs

1Y Direct Transmission (DT). Epidemic Routing. Spray and Wait (S&W)EL & PRoPHET,5 MBOR #47 Lt
BRI RE.

(1) Fr 2R # ik 2 i D U ) o3 2R3 B o5 R IE 43 2R 40 B R B A9 5088 9 R0 B G A9 30 % i L o3 4R 4%
AN TR A T RUES BE AT DL — e FERE AR IR A R e M AT I 1 o ZH A B 2 (R R B e A T
Z TR TR T Mtz 5886, Epidemic ¥ 7> 213238 % R AK. 5 HAHLL, DT ¥ 58 AR AL 5 SR 08, S&W 1) 3
73 Bz L BL K PRoPHET (#7771 s AL 1) 153 B8 A7 R8I AR 1) 23 21880 B 3% 45 B Epidemic 1 H 4 & 58 = (1077
Y5738 MBOR 11118 311 %% KA e T8 4 3 CRAIE 43 2EL 1) #5008 R 8 JFE 72 S A ) AS A2 6 SR s e 3 400 2 9 508 1)
FER Bz J7 2HEAT A2 f, (5 b 2 00 A4 o5 BB 0 T B i 2 1 58 2048 MBOR SR B 5% 14 % i SR s 7E
RS E  BREVE Btz 1 R ik £ 30 Ha 3 R RS 58 R B B SR T 08 R Th %

Pucket Generation Rate = 2 phts/min, Buffer Siee = 20 MB

Packet Delivery Ratio

40

60
Node Number

80 100

Fig. 7

Impact of node number on packet delivery ratio

K7 5 30 H X o 2 80E A A R
18] 5 79 50 H B I 2% A7 3RS E 7 3 L% 2R AR I L an B 8PS A B AT LA 8 7 L B I 4%
DRI N, A D A B0E R I BT W R B I K S R B A Y, O L, AT R
([ er:ES
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Node Number = 80, Buffer Sice = 20 MB

—
/ —&—m
t:.t'ﬁg' Epitemic -
N— # - S&W
osh - PRAPHET
; —5— MBOR
2
2. 06 L
Z 05 —
z \_Q\ =0
% 04 | i
&= 0 ~ “‘\SS
i
[ f
.l
0

4
Packet Generation Rate (pkts/min)

Fig. 8 Impact of traffic load on packet delivery ratio
I8 2% A7 BOnS 73 LR 33 A H)  R
(2) ARHHEIR 1 S IR T 5 LR ARIE H AR s P 2 O (B DT B SCRHR T 5 R A % o SR,
TS GAFHE B BE ) H bR R0 7 b gk, H A B S BT AR A A6 A T L BE A T A
TR0, 5 i (AR e 208 22 TR 5 4R B — 26 I SE B AR A, T 1 O s,

Packet Generation Rate = 2 pkts/min, Buffer Size = 20 MB

]2000‘ ‘
0000 | I = &
—8 B - et
S000
3
g
B G000
2 5
4000 1 * R e S
I R M———
2000 ==
ol
20 40 60
Node Number

Fig. 9 Impact of node number on packet delay
KO 1 R 3 H N 23 4R IR R 5

Ty 4T 52 /0 26 P AL BT RZ M A I 107 7 A TET o AT AR B o 0 246 50 8 96 m, 25 40 3800 18 K 1
I T AT SEIR TR T 4 R S AR OB DL  Epidemic BE WS 3RS B 1 AL SN I8 (H 2 B A
ERE N, ZQREME BT, SEBUEER K MBOR  PSGHE 15 51 32 3018 3o Bz A2 d gt 47 24 78, A
GRAD T I A B A AL A Tl AL TR B , MIBOR 14 [+ [ 50308 474 115 ML ) BE 5 78 ORAIE w5 D0 26 Bodie A7 2 B ) i
P& IORE T T AR 1A A i 5 U5, 0 A A 55U 52 32— 20 A1 A% i e .

(3) P T4 =R i e S (0 Bt B R S R B0 1) A B B 1] A B 5 T R e, T Y
T2 B A% 1 PIT 5 A AR BROK, o5 T BRI 22 I 2 S B S8 T B AR IS A B 11T R B R T BLAE
T DT WA 28 Sl B8 ST 48 H AR 9 50, T8 5 ) 45 2 0% 38, A 27 2R BUAh 10 T 4, B8 0k T 4 o
ik Epidemic 4=tz S BUR &% b A KB TU AR 7 41, 808 T8 R BLm 45 MBOR WUl &, B T i ZE3RECT
mfr BAE S A HEAT IS B e e AR W 4 v 77 2 — S AR ) T8 5 0 R I, MIBOR. R HXU P 40 4 s % B SR g 7T
DR TBOTC A% R 190 28 B3 905, S B A% i 8 058 900 — 0 2 P 2 At 0 i 41 8 . HL 2 S A ) A % i SRS A ORI T 8 S
0 15 338 1) [ It 22 3061 T e S SO0 4 2EL TG A% ) L [ I 4 k30 5 0 ) o KT R AT O 1) B R e —
A AR I 2% T 4.
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Node Number = 80, Buffer Size =20 MB
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Fig. 10 Impact of traffic load on packet delay
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Fig. 11 Impact of traffic load on delivery overhead ratio
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Impact of buffer size on packet delivery ratio, delay and delivery overhead ratio
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