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Bio-Inspired Routing Protocol for Mobile Ad Hoc Networks
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ABSTRACT

Bio-inspired routing protocol uses a principle of swarm intelligence, which finds the optimal path to the
destination in a distributed and autonomous way in dynamic environments, so that it can maximize routing
performances, reduce control overhead, and recover a path failure quickly according to the change of network
topology. In this paper, we propose a bio-inspired routing protocol for mobile ad hoc networks. The proposed
scheme uses a function of overhearing via wireless media in order to obtain the routing information without
additional overhead. Through overhearing, the pheromone is diffused around the shortest path between the source
and destination. Based on this diffused pheromone, a probabilistic path exploration is executed and the useful
alternative routes between the source and destination are collected. Therefore, the proposed routing protocol can
ensure the up-to-date routing information while reducing the control overhead. The simulation results show that
the proposed scheme outperforms the typical AODV and AntHocNet protocols in terms of routing performances

and significantly decreases the routing overhead against the AntHocNet.
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Fig. 1. Operation example of the proposed bio-inspired routing protocol
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/‘ Next node that is selected by exploitation ant ‘

Dst | Next | Cost | AntID | Update Time | Pheromone | Status

11 5 10 09:30:00 0.27 ACTIVE
12 6 10 09:30:05 0.28 ACTIVE
15 8 11 09:30:10 0.31 ACTIVE
100 18 6 6 09:27:00 0.021 INACTIVE
20 7 8 09:28:00 0.015 INACTIVE
22 10 D 09:25:45 0.005 INACTIVE

‘ Next node that is likely to be selected by exploration ant with a high probability ‘

T2 2. Ak wAe] 2heE Elo]E AR <A
Fig. 2. Example of routing table information in the
proposed bio-inspired routing protocol

S e A R e e dan

Next: A2 7F5at ok & =0 wisolc} #lah
WA AR T AR eheE RS s
= g 5476 vfsje] ol2] el next 3hE 744 4
c}
Cost: 5AA7IA] d7l& A=t £95]& ¥
4 @2 dehdck Cost ARZE F 5 A 3,
expected transmission time (ETT), expected

»

32

transmission count (ETX), received signal strength
(RSS), signal-to-interference-plus-noise ratio (SINR),
bit error rate (BER), A5& 2] vltgt ghs A
& % ovk

Ant ID: 2418} ant #719] identity (ID) 73 71%=
g} 418k ant H719) ID7} o] Eol AA=o] 9]
o ant ID Hr} 2 A5olRt 33 ARES uo|E
gt

Update Time: 3% 298 A BRI} dlo]EX 4]
7he ARt

Pheromone: Th- & =29 A3 w5 etk
e sl Fhe costel] Wl H|RIT) R A3} A
Rro] A4 o] FAel) I3t W] Afrha weks}
S ER R INE L R R E IR
ANA7F - update time’ ©F AL)Ech kT oA T
B AH AR d2 ks AR g 2z
7= (/) (1/t5) = Aelsiel, oAr1e4 e
cost, t= AT, st fE 7FEAH ASE YERA
c}.

Status: ] Z}ZI(RREQ, RREP, RERR, ant)°l] 2]
3 9e AHH ACTIVEER AAEW, dE7] 9
hello+ wA]#]el] ]3] 3 A H= INACTIVER A
A=l ACTIVE Al ROUTE_TIMEOUT A7k
Floll INACTIVE 4 & #7 =, INACTIVE “J¢)
9] 2}¢-8] AX¥= ROUTE_DELETE A7t Fel| 2H|
). ACTIVE 2h9-8 AR dlo|e] 2 exploitation
ant®] Hol|nt AL8-=|m, INACTIVE 2h-8 AH=
exploration ant®] Fdellat ARS-c)

Faz gy 29 2R HlolEe] el
exploitation ant7} o] ol g 79 AEE=
the s B4 Ao 2hee AR FollA cost B
o] 7B Ak 11¥ =7} r}h w3l forward
exploration ant7} ] ol =23t 79 A=E 35
o] 2 thi k= HIEA Aeie] AH FellA] A=
E gho] 71 2 18W ==y} ek o)} Falwl Ak
A T ARRA] FEellA Adrgdit
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Table 1. Comparison between AntHocNet and the
proposed routing protocol

AntHocNet Proposed routing
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Route setup Flooding-based
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reduced
Transmits exploitation ant
Route
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int "
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stagnation problem
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Data ecides the mex Decides the next node
forwarding node probabilistically
probabilistically
Route .
Uses repair ant Uses RERR
recovery
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Fig. 3. Simulation setup in OPNET
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Table 2. Simulation parameters
Name Value
# of simulated topologies 40
Simulation time 900 s
# of nodes (N) 100
# of sessions 1
Width = Height 1000 m
Communication range (2*width/ v/ /V) 200 m
s Random
Mobility model Waypoint

Speed interval

[0, 10~40] m/s

Pause interval

[0, 30] second

Direction interval [-180, 180]°
ROUTE_TIMEOUT timer 3s
ROUTE_DELETE timer 3s
Period of data packet generation 025 s
Period of hello message generation ls
Period of proactive forward ant gen. ls
Period of forward exploitation ant gen. ls
Period of forward exploration ant gen. ls
TTL of forwarding exploration ant 20

2214

SListn

1% 4% o|%4(Random Waypoint (RWP) 2l
o] Hd )0 bl whet AE Foll SAEA| oF
a3 FAARA] AE= el HFle] vlE-S vet
Wik dlole] AEA] ARe] wdef| 23iA FFle] &
= ik & AlEdle]AdellA= UDPE 7131
dgl o 7101] iste] Tk QS S83HA] &
= AAH o2 ke o)) AR A=
o] Zrlsle A on AdE= dole e v
Fo] Jolxith AODVE = A2 2198 HWOM

it}

4

¢

ujEel] TR - HkAle| n)s)] Afds] Y Szl 2
2 sk, AnHooNetsh st e o1 A2 o5
B e R =2 AYES Held, °1 o] AAF
= Ak Whrle] AntHocNet Hr} o] 2 A58 2=
o} o] Aok 2HE TR EFo| %‘%ﬂ-—‘—?@?‘] Ale]
o] A= ol tiujsle] o EpAQl A HZE 2
7] ootk

1% 5+ RWP 2dle] o & we) Hds

dlelg] szle] »»M B A S moelFc)
AODV?| 73§ o] AASE =7} 25 &l

e

y -\‘\-\\
0.8 \ -—

\ ——AQDV
07

\\‘ —— AntHocMet

06 Proposed
0.5 T T T T 1
5 10 20 30 40

Fraction of delivered data packets

RWP maximum speed (m/s)

T2 4. RWP Aol el mhe ARE dold A7le) ulE
Fig. 4. Fraction of delivered data packets vs. RWP
maximum speed

04

03 Vh_‘h

Ave. end-to-end packet delay (s)

02 ——ADDV
== AntHocMet
o1 Proposed
o T T T T
5 10 20 30 40

RWP maximum speed (m/s)

T2 5. RWP o &iell w2 Tt B A3l Ao
Fig. b. Average end-to-end packet delay vs. RWP
maximum speed

| IP:165.#%%.103.27 | Accessed 2022/02/11 10:31(KST)



=/ ol%F o=

% =2 N9 Ay 99y Z2e

2 Ht ARE thA] 2= 7397 wol whalsle] £t
3 ). AntHocNet2] 73-$-

)
>
rO
fo
KD
o
B 3
ol
é

ALTE g2 AR5 AR 2o} A8t
. Al g8 ZREZL 9
AR ule} ) ALS- F<l HR2| ngo] F
7V =W wlgo] o A2 A ARE A3 =
o] HH #|gle] sl eSS Balck
18 63 7 RWP ile] FHof| Sof wle} Ao
A7l W= B RHojFEoh I3 69 A8EE Al
o] FHFl 4= dloE] 47] shiis Adshed] 4nlE
= Aol ;B AGE veblie, 21 79 8=
Aoy FHZle] nlo]E 37-7]'1: dlole] sfzle] 1 nlo]E
E Adsh=d Zagk Alo] Azle] nle]lE a7]E v
E}‘/HE]- AntHocNet2] 7-$- 25 =7} hello HAIA|
F F7IHeRE A witell eM=st vig- =2
Dlr- AODVE F713 82 sl Alo] #jzle] 13
7] wtel] eHF| =t vl gt o] sAde] SUFs
T2 AHE o] HlWsle] AODVS} AntHocNet2]
73 el =r) E7igic) Aol ukeke] onjsl|= A

I
=]

w
JEE /4_
<
g 30
- — %
© 25
2
2 20 == AODV
=
=5 —B- AntHocNet
- 10 Proposed
g . .
= v
S '___‘____.-—f_'__
g ° : : : : :
5 10 20 20 a0

RWP maximum speed (m/s)

J2 6. RWP Hd| &xel & 2ade Alo] A7
Fig. 6. Overhead in number of packets vs. RWP maximum
speed

16

»
@
§14 4._£r/'r/r/.
512
g
£
s s ——AODV
E 6 —B- AntHocNet
a
.g Proposed
P
0 : : . : :

3 10 20 30 40
RWP maximum speed (m/s)

T2 7. RWP Ht) &el] whe 2esli Alo] A9 ulo]
E Z7]

Fig. 7. Overhead in number of bytes vs. RWP maximum
speed

52 AODVE} AntHocNet Atelel]l $]x|3h] o]EX
o] Zrlsldx A2 o] 2o emjs=r} dA]
TEOZ fAE

F'-?‘-': O_l..

=
fru
.
i
.
rng
o >
y
2 XL
oo
I
o oL
PR
r‘;“rr
o
" 2 o2
E . 12
M W B o

.
o=
5
E‘%
Y

o
A2 7b fr83 WA AEE Rt Al”
A2 418 5] T 2R am A4S B
], exploitation anti= ZUA-FA=] Alo]ellx] 714
F2 2E FHdhs 98-S 311, exploration ant=
FUA-EA2] FHA A 7sdE ARE AlES)
=) A3}, o)) e % Rl EEZ AL &
Z‘]i His]..__ 34 oﬂ/ﬂ ‘o‘]—/ﬂ— o ARE AF%—FL =
Al sllEe, A= AA EAIle] axbA o oA A
= S 5 A slsek AlEdleld A Al”b
AL szl AdE 2 Fgk 7‘]‘1 SHellA] 7]
AODV % AntHocNet Hr} 93 A58 wojal
4] AntHocNet Rt} SHFH =g =4 74470t A
oF 2H ZREFE olFAe] S e W
ALt o] 58 A o]5S Helu® Al 3
743} o] oAl = Exel FAl A
= H=Z WEY e EpH o R A8 7hsdich

05
rO
2L e o Ji

s

References

[1] L. Hanzo and R. Tafazolli, “A survey of QoS
routing solutions for mobile ad hoc networks,”
IEEE Commun. Surveys & Tuts., vol. 9, no. 2,
pp. 50-70, 2007.

[2] H.-H. Choi and J.-R. Lee, “Communication
and networking technologies based on bio-
inspired algorithms,” KICS Inf. and Commun.
Mag., vol. 29, no. 4, pp. 62-71, 2012.

[3] F. Dressler and O. B. Akan, “Bio-inspired
networking: from theory to practice,” IEEE
Commun. Mag., vol. 48, no. 11, pp. 176-183,
2010.

[4] S. Bitam, A. Mellouk, and S. Zeadally,

“Bio-inspired routing algorithms survey for

2215

SAE W | IP:165.#%%.103.27 | Accessed 2022/02/11 10:31(KST)



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

2216

vehicular ad hoc networks,” IEEE Commun.
Surveys & Tuts., vol. 17, no. 2, pp. 843-867,
2015.

Z. Zhang, K. Long, J. Wang, and F. Dressler,
“On swarm intelligence inspired self-organized
networking: Its bionic mechanisms, designing
principles and optimization approaches,” IEEE
Commun. Surveys & Tuts., vol. 16, no. 1, pp.
513-537, 2014.

C. E. Perkins, E. Belding-Royer, and S. Das,
“Ad-hoc on-demand distance vector routing,”
in Proc. IEEE Workshop on Mob. Comput.
Syst. Appl., 1999.

C. E. Perkins, E. Belding-Royer, and S. Das,
“Ad hoc on-demand distance vector (AODV)
routing,” IETF RFC 3561, 2003.

C. E. Perkins and P. Bhagwat, “Highly
dynamic destination-sequenced distance-vector
routing (DSDV) for mobile computers,” in
Proc. ACM SIGCOMM’94 Conf. Commun.

Architectures, Protocols and Appl., pp. 234-
244, Oct. 1994.

G. Di Caro, F. Ducatelle, and L. M.
Gambardella, “AntHocNet: an adaptive

nature-inspired algorithm for routing in mobile
ad hoc networks,” Eur. Trans. Telecommun.
(ETT), vol. 16, no. 5, 2005.

F. Ducatelle, G. Di and L. M.
Gambardella, “Using ant agents to combine

Caro,

reactive and proactive strategies for routing in
mobile ad hoc networks,” IJCIA, vol. 5, no. 2,
2005.

F. Ducatelle,
wireless multi-hop networks,” Ph.D. Dissertation,

“Adaptive routing in ad hoc

Universita della Svizzera italiana,
Switzerland, May 2007.

J. Zhou, H. Xu, Z. Qin, Y. Peng, and C. Lei
“Ad hoc on-demand multipath distance vector

Lugano,

routing protocol based on node state,”
Commun. Netw., pp. 408-413, May 2013.

N. Jaisankar and R. Saravanan, “An extended
AODV protocol for multipath routing in
MANETS,” IACSIT Int. J. Eng. and Technol.,

vol. 2, no. 4, 2010.

SListn

| IP:165.%++.103.27 | Accessed 2022/02/1

[14] T.-H. Kim, S.-H. Chung, S.-Y. Kang, and
Y.-H. Yoo “A node-disjoint multi-path routing
protocol in AODV-based mobile ad-hoc
networks,” J. KICS, vol. 34, no. 12, pp. 1371-
1379, 2009.

[15] H.-H. Choi, H.-G. Lee, and J.-R. Lee, “A new
energy-aware source routing protocol for
maximization of network lifetime in
MANET,” IEICE Trans. Inf. Syst., E97-D(2),
pp. 335-339, Feb. 2014.

[16] M. Woo, “An ant-based routing method using
enhanced path maintenance for MANETS,” J.
KICS, vol. 35, no. 9, pp. 1281-1286, 2010.

# 81 § (Hyun-Ho Choi)

20014 29 :KAIST A7) %
ZApgE £4

. 20034 249 :KAIST A7) 2
AALgsk AaL

20071 29 :KAIST #7] %

Azlg-et} wpat
2007 39~20119 29 : AHA
2] ARl 9]
Lo A P s bt o i

dih
Wl

2011 34~FA] : =3
e i

Tl

<FAlEel AW ol FEAIALE, AHHH FAl
TR e, wWARSAY, TR, AR
dyz|=

= 2 %= (Bongsoo Roh)

200411 2$J : g sk
A7)dE 24
200641 2% :POSTECH 7+

El-geha} Aal E4
20061 49~3A)  tateled
T2 A7

Z1A

1t

El

-

o
<Azl A ol FEAAAY, = 29w
AR FA L S, A0

2], A Gl

110:31(KST)



EE/O)F HEE MEADE 0% ARy by mEg

zl & M (HyungSeok Choi)

19999 29 : wEstn A}
Tt =4

2002 2% wHEdEw zA}
T3} AAt

20141 89 : P HR
FAlEEt what

2002 19~3A) ; Ilafsled
T4 AT

<IlEol A MAC Z2EZ, =94, 91484

0] ® & (Jung-Ryun Lee)

199513 24 : A2y
7 &4

1997 29 Alehstw 438
3} AAL

2006 8% :KAIST #17] 2
A} F& uaf

20083 39~A : FodehEta
AR 7|gs- s

<y Hob AAY FAl Z2EZ, vi4] vESZ,
HES = o] 54, AR 54 5

B
4

ey

2217

SAE W | IP:165.#%%.103.27 | Accessed 2022/02/11 10:31(KST)



	이동 애드혹 네트워크를 위한 생체모방 라우팅 프로토콜
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 기존 연구
	Ⅲ. 제안하는 생체모방 라우팅 프로토콜
	Ⅳ. 결과 및 고찰
	Ⅴ. 결론
	References


