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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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11 5 10 09:30:00 0.27 ACTIVE
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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 ‘
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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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AR A Axp= 3 Tof|A] Hlog] FFlo] whAl
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2=}, 7| BA o7 Aglele 2leE 2R TS wE
7AE AAS 918l AODV e} w3t Seid WAE
uhErt mep] FRA| == RREQE WIESA A
o Z2lds}r, o5 4l3k S4#] k== RREPZ
SRRl S -IJI' RREPE Aoy &
Ao|A FHA| 2] AE A2/} A=) Reactive
WAl o 2 Al *Fﬂﬂ Foll= FA-=|7A 0] A=
£ 2] 319 Route Request (RREQ) timeout©] B

Ayale] v AEslc)

3.2.3 dd=7|

vESZS] BE ks WS FHA R 3] o
= forward 2 backward exploitation ant |- S+
ok o) fafo] 7} i 2429 BaA] Favt
W Zlo] ohtizie A9IAIF R 28 BAgh o
=715 B3] APile] ofmdh FUA]-FA| ﬂi"ﬂ
dafo] 15 0% emalA] opdAlE AT 5 9
g, 22 FEA-SHA] el ol forward&}
backward exploitation ant Z|Z1-S LA A7} el &
o} FAIBRE AT 15 o =R AAE 1] 0]
£ =58 952 HBls A3 SRR
H|-8- AR5 AXkste] eh9-8] Hlo| &l Ak A
2 gd|o|E == cost 3 CU =c; +07—4 Ale o}
Bk 5 = ilA jE S8k S d= ke AA

cost %k(c e v ol B g2 7 o Pk

= j Al cost(c)e]

l

cost Zq_"'L(c yoll == jollA]
o7 A=)

3.2.4 H=z2 it

A WA A 2R k2 GET7]E S o]Felx
o b slzEe] F7b i 95l 1§ o8
T3 hello wlAA] el 2}Alo] i&a]s a9 HARA R
7t 7P & W2 E AR E FI13F hello+ H|A]A]
= F7|1AH o & vke3lt) Hello+ WAIX S AR 5
W eE5e o] ARE olgale] AAZ A1 cost
ARE o =l + /= qJulo|Eit) o]9} 7] <
=719 hello+ #AA|9] WlEo R b F| 2R
ant FFlo] SHX-EAz] 7ke] AR AloA] HA A
& Auh oply] wel Wl AzEoe AwE
o}
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Eelw, Nz e ol 47 d2 2 o 4=

£ AL % sk bk w=9) Aate Al 4

o4 Aot U= HZE 7 Tin & cost %,\(cm)g]. 7431}
A]Zl’(tlc-ln)cﬂl winlEEle, 71 A ) Bell <4

AloJ¥lt}.  Forward exploration ant:= E3 2ol =t
& uj7px] AA & k= ARE Feel] AAshEA &
AA7RA AdEch BAR]exE forward
exploration antE FAIBPH  o]o] w3t FHo®
backward exploration antE ®HAJAIZIv}. Backward
exploration ant+= forward exploration ant”} % 73
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X 12 ok vtk 2leE ZREZO 771K 75
o w} Atels AR 2 2 RS U)E
AntHocNet3He] A4l wlalg Mool 298

HolE 3] 9ol Algt Wk statuse} update

I 1. AntHocNet¥} Al¢t 248 Z2EF9| v
Table 1. Comparison between AntHocNet and the
proposed routing protocol

AntHocNet Proposed routing
Routing Manages regular | Adds status and update
table and virtual time, Consider
management pheromones evaporation of pheromone

Reactive routing,
Flooding-based

Reactive routing,

Route setup Flooding-based

Used, Decides one-hop

Not
ot used neighbor nodes

Overhearing

Only one-hop neighbor
Pheromone | All nodes transmit | nodes transmits hello+

diffisuion | hello+ message message, Overhead is
reduced
Transmits exploitation ant
Route

Transmits proactive| and exploration ant,

int "
mamceenanan ant Mitigates the route
stagnation problem
Decides  th t
Data ecides the mex Decides the next node
forwarding node probabilistically
probabilistically
Route .
Uses repair ant Uses RERR
recovery

timeS F7lsld, 282 AAHA HZEo] Al7lel] u}
2} Fo]== Sl evaporation)S 13} =3k Sl&
7] 7158 Aok wkolo Mt AL E = 183 75
2 o]F 3l 2Hd= §lo] 1-F o] kx=F AAF
s olrk FlZ=E #h4ke] 79 AntHocNetol A= BE
=7} hello+ WARS ALslo] ons=r) & ub
i, Aok Wk 1-3F ]9 Tl hello+ HAAE A
F3MHA HhEe] SHEEE FolwA 83t Al 7

25 wk2A x5 glck AR 7] SHellA] Al
o vk F F57-2] exploitation ant Y exploration
ants TR AFFo I At HZ A=l of
A A= %"*—'.473: A on g} olo} e 7
Z579 antZ E83H= Al AntHocNetoll4] gk
AR S1FE A ARt AEE He A EAE A
A7k A= AR, dlole A, A= 37 S
A= AntHocNet3} Algh Z2EZE fARE W&
ARg-gHt

4.1 Algaold &
3% %7V2 $151] OPNET AlEelolel s A-ah
ek 2198 wAE sk 98] 2710 B0A-%

A2 7F ok AR F 57} 3F o)ate] HE= AL
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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
R
Mobility model andom
‘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
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