
Energy Consumption of Swarm Intelligence inspired  

Routing Algorithms in MANETs 
 

Jin Wang, Brian J. d'Auriol, Xiaoling Wu, Young-Koo Lee, Sungyoung Lee* 

Department of Computer Engineering,  
Kyung Hee University, Korea 

{wangjin, dauriol, xiaoling, sylee}@oslab.khu.ac.kr 
{yklee}@khu.ac.kr 

 
Abstract 

Swarm Intelligence (SI) inspired routing algorithms 
have become a research focus in recent years due to 
their self-organizing nature, which is very suitable to 
the routing problems in Mobile Ad hoc Networks 
(MANETs). The network information can be collected 
and updated in a decentralized and dynamic way 
through the localized cooperation among these swarm 
agents. In this paper, we, for the first time, provide a 
comprehensive comparison about current SI inspired 
routing algorithms in MANETs in the aspects of 
network metrics and simulation environment. Then, we 
make a detailed study about the energy consumption of 
the SI inspired routing problem in MANETs. Based on 
this study, we present the selection criterion of the 
intermediate nodes so as to be energy efficient. 
Experimental results are provided with reasonable 
verification. 
Keywords: MANETs, Swarm Intelligence, Routing, 

Energy Consumption. 
 
1. Introduction 

Unlike traditional wired networks or wireless 
infrastructure based networks, Mobile Ad-hoc 
Networks (MANETs) consist of a collection of mobile 
devices which form a network without the support 
from any fixed infrastructure. In MANETs, the devices 
can serve either as a base station or an intermediate 
node to forward the packets via multi-hop routing 
mechanisms. Due to the inherent processing and 
communication constraints within the mobile devices 
as well as the dynamic nature of topology, the research 
about routing algorithms is still a challenging task in 
the realm of MANETs.  
_______________ 
* Professor Sungyoung Lee is the corresponding author. 

Different from the traditional routing protocols, the 
SI inspired algorithms are self-organizing and 
localized in nature. By adopting the concept of 
stigmergy, which means an indirect communication 
among different ant agents, the network information 
can be collected and updated in a local, decentralized 
and dynamic way.  

Up to now, a great deal of work has been done in the 
field of SI inspired routing algorithms in MANETs. In 
the next section, we will give a diagrammatic 
comparison about those representative algorithms. 
Then, we will present our study about the energy 
consumption problem of routing in MANETs, which 
has not yet been carefully studied. Based on one of the 
energy consumption models, we will give a suitable 
routing selection criterion about the intermediate nodes 
in MANETs. Finally, some of the preliminary 
experimental results are provided so as to validate our 
conclusion.  
 
2. Comparison of SI inspired Routing 
Algorithms in MANETs 

Swarm Intelligence inspired routing algorithms have 
being a research focus in recent years due to their self-
organizing nature [1], which is very suitable to the 
routing problems in MANETs. Among these 
algorithms, [2] is a routing algorithm for MANETs 
which is based on the concept of SI and especially on 
the ant colony based metaheuristic. In [3], a probability 
based routing selection model is proposed so as to 
avoid traffic congestion and make load-balancing. The 
authors in [4] extend their rich experience about the SI 
inspired routing from wired network to MANETs and 
provide us comprehensive simulation results about the 
network performance. As important as [4], the authors 

2007 International Conference on Multimedia and Ubiquitous Engineering(MUE'07)
0-7695-2777-9/07 $20.00  © 2007



of [5] also have long research history about the SI 
inspired routing mechanism. The minor difference is 
that this kind of biological inspired algorithm draws 
some inspiration from bees rather than ants. As one of 
the latest SI inspired routing algorithms in MANETs, 
[6] is a hybrid routing protocol. For the first time, the 
authors applied ANSI to both pure and hybrid ad hoc 
network and achieved satisfactory results. 

After our comparative study about all these SI 
inspired algorithms mentioned above, we present a 
diagrammatic study about these algorithms in both 
network parameter and environment, as is shown in 
Table 1 and 2 respectively. From these tables, we can 
see different network parameters are studied under 
various environments in these algorithms. It is worth 
noting that energy consumption is mentioned as the 
future work by many of the authors. So, it motivates 
this paper. 
TABLE 1. COMPARISON OF VARIOUS SI INSPIRED ROUTING 
ALGORITHMS 

Algorithm 
Name 

Simulation 
Tool 

Packet 
delivery 

ratio 

Delay Routing 
Overhead 

ARA[2] NS-2 YES  YES 
PERA[3] NS-2 YES YES  

AntHocNet[4] QualNet YES YES YES 
BeeAdHoc[5] NS-2 YES YES YES 

ANSI [6] QualNet YES YES YES 
Algorithm 

Name 
Delay 
Jitter 

Goodput Throughput 

ARA[2]    
PERA[3]  YES YES 

AntHocNet[4] YES   
BeeAdHoc[5]    

ANSI [6] YES YES YES 
 
TABLE 2. COMPARISON OF VARIOUS SI INSPIRED ROUTING 
ALGORITHMS 
Algorithm [X,Y] 

(m2) 
N R 

(m) 
Vmax 
(m/s) 

Pause 
Time(s) 

ARA 1500 
*300 

50 250 10 0,30,60, 
120,300 

PERA 500 
*500 

20 250 20 50, 
100 

AntHocNet 3000 
*1000 

100 300 20 [0,480] 

BeeAdHoc 2400 
*800 

50 250 [1,20] 60 

ANSI [1100^2] 
[2460^2] 

[50, 
25] 

250 20 10 

Algorithm Time (s) Conn 
Num. 

Packet 
Size(Byte

) 

Packet 
Rate(p/s) 

ARA 900 10 [64,1024] 4 
PERA 900 4 * 1 

AntHocNet 900 20 64 1 
BeeAdHoc 1000 1 64 10 

ANSI 300 N/2 64 1 
 

3. Swarm Intelligence inspired Routing in 
MANETs 

The Swarm Intelligence inspired routing phase can 
be divided into three sub-phases, which are route set-
up, route maintenance and link failure handling phase, 
as stated in most of the representative algorithms. 
During the route setup phase, the ant agents are 
periodically sent out to collect network information. 
Once there is a route request and the destination node 
is not available, the source node will initiate a route 
setup phase. Different from the other representative 
algorithms, we plan to associate the probability of 
choosing next hop node with the remaining energy and 
others, like the hop number and timestamp etc. So, the 
study of energy consumption is essential to our future 
research. The route maintenance phase and link failure 
handling phase are similar to the other parameters and 
here we mainly focus on the study of energy 
consumption as the first step.  

As we mentioned earlier, since most of the current 
research work about SI inspired routing in MANETs 
have not yet studied the performance of energy 
consumption, we take it as our primary research 
motivation here. 
3.1 Energy Consumption Model 

Here, we use one of the energy consumption model 
from [7] as below. The energy needed to transmit, 
receive and forward bn  bits of packets are calculated 
in (1), (2) and (3) respectively. 

)( αdEEnE ampelecbT ×+=              (1) 

elecbR EnE ×=                             (2) 

)2( αdEEnEEE ampelecbTRF ×+=+=        (3) 

Here, ,/50 bitnJEelec = =α  2 or 4. If the 

distance d  is smaller than a distance threshold Td , a 

free space fading ( 2d  power loss) model is adopted 
and .//10 2mbitpJE fsamp == ε Or else, a 

multipath fading ( 4d  power loss) model is adopted 
and .//0013.0 4mbitpJE mpamp == ε Here, we 

let: 
.42 dd mpfs ⋅=⋅ εε                            (4) 

So, we can get the distance threshold ( Td ) as 87.7 
meters. 

 
3.2 Study of Energy Consumption 
   Now, we will study the factors which influence the 
energy consumption from source node to the 
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destination node. Taking Fig. 1 as an example, there 
are N=30 nodes randomly deployed in a [1000, 1000] 
m2 area. Let Ad AB = , BdBC = , Cd AC =  and 

CBA <≤  (also it could be CAB <≤  since A 
and B are replaceable here). We simply put bn  as one 
bit and we can easily calculate the bit number 
according to the traffic model in real situation. 

 
Fig. 1. 30 nodes deployment 

First, we will study the one hop instance, where the 
relationship between BA EE +  and CE  is studied. 
Then, we can extend it to multi-hop circumstances. We 
average our simulation results for 10 times and here, 
we simply provide one instance so as to make it 
intuitively easy to understand, as is shown in Table 3.  

Table 3.  Comparison of one hop energy consumption (J) 

Case 1: C<dT 
A, B< dT 

E(2,15)= 1.79*10-7 

E(2,14)+E(14,15) =2.78*10-7 

Case 2: C>dT 
A, B> dT 

E(11,12)=9.42*10-6 

E(11,21)+E(21,12) =2.17*10-6 

Case 3: C>dT 
A, B< dT  

E(7,5)= 2.64*10-7 

E(7,1)+E(1,5) =2.82*10-7 

Case 4: C>dT 
      A< dT<B 

E(3,27)=2.88*10-6 

E(3,23)+E(23,27) =2.38*10-6 

 
Table 3 lists 4 cases about the energy consumption 

between  BA EE +  and CE  according to their special 
position of node A, B and C. In Case 1, the distance 
between node A and C is smaller than the distance 
threshold dT. It is an ideal situation since we can 
simply communicate from node A to node C without 

the help of any intermediate nodes. The energy 
consumption is in the order of 10-7 and it is also less 
than the summation from multi-hop nodes. In Case 2, 
the distance between Node 11 and Node 12 is C=291 
meters, and A=159 meters, B=172 meters. From 
equations (1)-(3), we obtain CE = 9.4*10-6, which is 

about four times larger than BA EE + . It is worth 
noting that the energy consumption is in the order of 
10-6 to transmit only one bit data.  

We can see that if A and B are both smaller than the 
distance threshold ,Td  the difference between 

BA EE +  and CE  is small. Usually, we can neglect it 
and take either of the instances. If one of the 
intermediate distance is larger than Td , the difference 

between BA EE +  and CE  is larger than the first 
case. The difference degree is about ten times larger. 
And if all the distances are larger than Td , the 
difference is the largest among all the cases. In Case 3, 
C is larger than Td  while A and B are both smaller 

than Td . We can see that CE  is smaller than 

BA EE +  and  the difference between them is also 
small. Finally, in Case 4, we observe that there are 
situations when A<dT<<B, it could be better to 
transmit the data through multi-hop nodes rather than 
to transmit the data through one-hop.  

So, here, we can draw one conclusion that the 
difference between BA EE +  and CE  will not be 
very large if A and B are not much larger than the 
distance threshold. However, if one of the distance or 
both A and B are larger than the threshold, it is a wise 
choice to use multi-hop transmission. Now, we can 
extend this conclusion to the multi-hop instance and 
try to validate it.  
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Fig. 2. 50 nodes deployment 

Next, we will increase the network connectivity and 
introduce 50 nodes deployment in a similar way as Fig. 
1, which is shown in Fig. 2. We will compare the 
energy consumption in the context of multi-hop 
routing during one communication traffic. 

From Table 4, we can draw a similar conclusion as 
in Table 3, which is that the energy consumption will 
not be too large if the communication distance is not 
much larger than the distance threshold. In other words, 
if we choose those nodes with communication distance 
smaller or a little larger than the distance threshold, the 
energy consumption is reasonably acceptable. So, we 
are willing to save much energy at the cost of a few 
more hop numbers. Once again, it validates our 
selection criterion about the intermediate nodes during 
the routing phase. 

Table 4.  Comparison of multi-hop energy consumption (J) 

Case 1: C>dT 
A, B..<dT 

E(20,29)+E(29,22)= 2.47*10-7 

E(20,31)+E(31,30)+E(30,29)+E(29,2
2) =5.35*10-7 

Case 2: C>dT 
A< ..< dT<B 

E(26,42)+E(42,46)= 4.14*10-6 

E(26,24)+E(24,7)+E(7,30)+E(30,29
)+E(29,46)=1.14*10-6 

Case 3: C>dT 
A, B..>dT 

E(43, 36)+E(36, 16)= 1.60*10-5 

E(43,11)+E(11,15)+E(15, 36)+ 
E(36,41)+E(41, 16)=4.95*10-6 

 
4. Conclusion and Future Work 

For the first time, we make a comprehensive 
comparison of various SI inspired routing algorithms 
in MANETs in the aspects of network parameters and 
simulation environment. The energy consumption 
about SI inspired routing algorithms is studied 
afterward based on one famous energy model. From 
the experiments of both one hop and multi-hop 

instances, we provide an intermediate node selection 
criterion which is quite energy-efficient. 

In the near future, we plan to incorporate this node 
selection criterion into the routing phase so as to make 
our routing algorithm energy efficient.  
 
Acknowledgements 

This research was supported by the MIC(Ministry of 
Information and Communication), Korea, under the 
ITRC(Information Technology Research Center) 
support program supervised by the IITA (Institute of 
Information Technology Advancement)" (IITA-2006-
C1090-0602-0002) 
 
References 
1. E. Bonabeau, M. Dorigo, G. Theraulaz, “Swarm 

Intelligence: From Natural to Artificial Systems”, Oxford 
University Press, New York, 1999.  

2. M. Gunes, U. Sorges, I. Bouazizi, “ARA - The Ant-Colony 
Based Routing Algorithm for MANETs”, Proceedings of 
the ICPP Workshop on Ad Hoc Networks (IWAHN 
2002), IEEE Computer Society Press, pp. 79-85, 2002. 

3. J.S. Baras, H. Mehta, “A Probabilistic Emergent Routing 
Algorithm for Mobile Ad hoc Networks”, in: WiOpt’03: 
Modeling and Optimization in Mobile, Ad Hoc and 
Wireless Networks, Mar. 2003. 

4. G. Di Caro, F. Ducatelle and L.M. Gambardella, 
“AntHocNet: An Ant-based Hybrid Routing Algorithm 
for Mobile Ad hoc Networks”, in Proceedings of Parallel 
Problem Solving from Nature (PPSN VIII), vol. 3242, pp. 
461–470, Springer-Verlag, 2004. 

5. H. Wedde and M. Farooq, “The Wisdom of the Hive 
Applied to Mobile Ad-Hoc Networks”, in Proceedings of 
the IEEE Swarm Intelligence Symposium (SIS), pp. 341-
348, June 2005. 

6. Sundaram Rajagopalan, Chien-Chung Shen, “ANSI: A 
Swarm Intelligence-based Unicast Routing Protocol for 
Hybrid Ad hoc Networks”, Journal of Systems 
Architecture, Special Issue on Nature Inspired Applied 
Systems, pp. 485-504, 2006. 

7. Wendi B. Heinzelman, Anantha P. Chandrakasan, and 
Hari Balakrishnan: An Application-Specific Protocol 
Architecture for Wireless Microsensor Networks. IEEE 
Transactions on Wireless Communications, Vol. 1, No. 4, 
pp. 660-670, 2002. 

2007 International Conference on Multimedia and Ubiquitous Engineering(MUE'07)
0-7695-2777-9/07 $20.00  © 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for IEEE Xplore. Created 15 December 2003.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


