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ABSTRACT 

With the advancement in wireless technologies WMN has become key component of the next generation wireless network technologies. Due 
to the dynamically changing network conditions finding paths in the networks have become a challenging issue for their implementation. In this 
paper we propose a nature inspire swarm intelligence based soft computing technique called Termite Colony Optimization, for solving network 
path optimization problems. TCO takes its inspiration from natural termite’s mound building behaviour based on the pheromone gradient. It is 
a meta-heuristic technique. TCO is effective at calculating minimum cost path when run for definite iterations, thus optimizes network 
performance.  

Keywords: Soft Computing, Stigmergy, Swarm Intelligence (SI), Termite Colony Optimization (TCO), Wireless Mesh Network (WMN.) 

INTRODUCTION 
Wireless Mesh Network is a multi-hop network incorporating 

features of rapidly deployable, self-organizing,self-
configuring,self-balancing, healing and self-aware network. It is a 
superset of the existing wireless network topologies. The nodes 
are key structural and functional units of these networks. The 
nodes can be static or dynamic, individually have the capability to 
automatically establish connection to create network by sensing 
and connecting to nodes having similar capabilities within their 
radio range.  

The nodes work both as a host as well as router and forward 
packets between any two nodes within their radio range. They 
comprise of both mesh routers and mesh clients. These features 
provide advantage of reliable service coverage with robustness, 
low upfront cost, easy network maintenance and help in providing 
connectivity anytime and anywhere to the internet. Based on the 
functionality of nodes the network is categorised in three types: (i) 
Client mesh, (ii) Infrastructure mesh and (iii) Hybrid mesh.1 

The highly dynamic topology of WMN has made routing to be 
one of the most critical issue. To cope with these routing issues a 
large number of routing protocols and routing metrics are 
designed in literature by research fraternity. Also routing 
algorithms are designed which take these matrices in 
consideration for finding optimal path.  

A routing metric is formed by assigning a value to each route or 
path. It is used by the routing algorithm to select one or more 
paths out of the subset of paths discovered by the routing protocol. 
Generally, the value reflect the cost of using a particular path with 
respect to some optimization objectives and account as indicator 
of network performance. A comparison of the existing routing 
metric and protocols in WMNs is done in.2 In WMN high quality 
routes in due time are desired, Quality aware routing (QAR)3 is 
one such approach another approach Interference Aware  Routing 
using Ant Colony Optimization (AMIR) deals with interference 
issues.4 

For the formulation of routing algorithm in changing 
environment, it is required to have complete knowledge of the 
traffic flow between each node. This pretends to be an extremely 
difficult task, so suboptimal routing solutions are calculated using 
policies based on heuristics. Heuristic approach is followed by 
stochastic algorithms and is effective at generating good solutions 
by taking computational efforts into consideration. Traditional 
approaches are well suited for generating paths in small sized 
networks. For solving the above mentioned problem in trend soft 
computing techniques especially nature inspired swarm 
intelligence (SI) based evolutionary algorithms are designed and 
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implemented. These algorithmic approaches are gaining 
popularity for finding solutions to computationally hard problems. 

In this paper, we propose a nature inspired swarm intelligence 
based soft computing technique, Termite Colony Optimization. It 
is a probabilistic, meta heuristic and hybrid algorithmic approach. 
TCO takes its inspiration from the natural eusocial termite’s 
mound building behaviour. In colony an organism modulates 
directly or indirectly the availability of resources for other 
organisms, stigmergy is the name given to this term in 
engineering.5 The SI principles are significantly applied by 
termites in WMN framework to find optimal path based on the 
cost function. The termites are artificial agents which iteratively 
build probabilistic solutions by taking into account pheromone 
trails and local heuristic information available at a node. TCO is 
applied to evaluate shortest path in configured client WMNs. 

Related Work 
A large number of nature inspired soft computing techniques 

are present in literature to mention a few, Big bang and big crunch 
(BB-BC),9 Biogeography based optimization (BBO),7 Artificial 
bee colony,8 Ant colony optimization (ACO),9 firefly algorithm10 
etc. The best features of the nature are incorporated in these 
algorithms which have evolved over decades.  

BeeAdHoc is a hybrid algorithm inspired by the foraging 
behavior of honey bees and applied to Ad Hoc networks,11 
AntHocNet another hybrid routing algorithm based on the self 
organising behaviour of ant colonies for finding shortest path is 
related to optimize the performance of the network.12 Another 
efficient probabilistic reactive algorithm is Termite uses the 
concept of stigmergy to maximize throughput of network.13 A 
survey of various routing algorithm Ad Hoc networks and mesh 
network is mentioned in literature.14 

In field of WMNs novel work is done by applying hybrid 
routing approaches using soft computing based techniques 
AntMeshNet, ACO, BBO, Firefly algorithm and BB-BC.15-18 

TERMITE COLONY OPTIMIZATION 
TCO is inspired by the intelligent behaviour shown by eventual 

discovery of the shortest path during the termites mound structure 
building process. Initially the termites arbitrarily search for soil 
pallets and after finding it they deposit it on the destined mound. 
This behaviour shown as a result of depositing chemical trail 
pheromone on the path returning after depositing soil pallets on 
the termite mound. The pheromone acts as attractive stimulus to 
other members of the colony to follow paths with higher 
intensities. This is a volatile chemical and evaporates eventually 
leading to higher intensities at smaller path, marked as the path 
followed by majority of termites upon independent quest and 
experience of each termite locally modifying the environment. 
This act is called stigmergy5 and is observed in ants and termites 
colonies. In case study termites (isoptera) with genus macrotermes 
this act is called ecosystem engineering. The benefit of this 
behaviour facilitates acquiring of resources, habitats 
heterogeneity, population dynamics of organisms thus results in 
emergent properties at the community level and stability.19 These 
properties are incorporated in the wireless networks for sharing 
information, connecting, configuring nodes, dynamically self 
organising and stabilising network. 

A. Termite Colony Optimization Algorithm 
In this section we formulate the network model and apply the 

TCO algorithm on it. We consider a client mesh network 
G(N,L)operating in a fixed geographical region. N is a set of 
wireless nodes i.e. randomly arranged routers and L being the set 
of communication links.  

These links are established in such a way that𝑁𝑁𝑖𝑖 , the 
neighbouring nodes automatically senses the similar capability 
nodes within its radio range and connects with them. on a link L, 
the transfer of information to the neighboring nodes is only 
possible when they have a common channel interface. The 
assignment of channels is beyond the scope of this paper.  

More formally, G(N,L)is an absolutely connected and directed 
graph topology formed by randomly generated nodes. Using 
Cartesian coordinate distance formula the distance d(i, j) between 
the every 𝑖𝑖𝑡𝑡ℎ  and 𝑗𝑗𝑡𝑡ℎ   nodes with coordinates (𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑖𝑖) and (𝑥𝑥𝑗𝑗 ,𝑦𝑦𝑗𝑗 ) is 
calculated, given as, 

𝑑𝑑(𝑖𝑖, 𝑗𝑗) =  √(�𝑥𝑥𝑖𝑖 − 𝑥𝑥𝑗𝑗 �
2 + (𝑦𝑦𝑖𝑖 − 𝑦𝑦𝑗𝑗 )2) (1) 

A connectivity matrix is formulated assigning unity elements 
on the links to the neighbouring nodes within the predefined radio 
range R. A random link cost matrix is generated which appends 
the connected links with a random weight called the cost. The 
TCO algorithm for selecting the shortest path between source and 
destination node in a network is as follows:  

Initially a constant amount of pheromone 𝜏𝜏𝑖𝑖𝑖𝑖   is deposited 
between the all the nodes on the link /edge from node ito node j on 
the graph. At a node i, for each termite kthe probability of 
selecting j with pheromone trail 𝜏𝜏𝑖𝑖𝑖𝑖  is computed by, 

𝑝𝑝𝑖𝑖𝑖𝑖𝑘𝑘 = �
(𝜏𝜏𝑖𝑖𝑖𝑖  + 𝐾𝐾)𝐹𝐹

∑ (𝜏𝜏𝑖𝑖𝑖𝑖  +𝐾𝐾)𝐹𝐹
𝑙𝑙∊𝑁𝑁𝑖𝑖

𝑘𝑘
, 𝑖𝑖𝑖𝑖 𝑗𝑗 ∈ 𝑁𝑁𝑖𝑖𝑘𝑘

0     , 𝑖𝑖𝑖𝑖 𝑗𝑗 ∉ 𝑁𝑁𝑖𝑖𝑘𝑘
�  (2) 

K is the threshold factor, determines the sensitivity of 
probability calculation to small amounts of pheromone. Its value 
can be taken K ≥ 0, many values are given in literature.20 F is 
sensitivity factor modulates the differences in the pheromone 
amounts, its value ranges from 0≤F≤ 2.𝑁𝑁𝑖𝑖𝑘𝑘 , are the nodes in the 
neighbourhood of termite 𝑘𝑘  at node 𝑖𝑖. The parameters K and F  
help in regulation of adaptation to new routing information. 

Each termite 𝑘𝑘 randomly hops from node to node by checking 
the stochastic decision criteria until the terminal node is reached 
and drops a soil pallet to the destination node, this termite is called 
forward termite. After reaching the terminal node the forward 
termite is converted into a backward termite to retrace the 
traversed path. On way it updates the information table at each 
node by eliminating the loops on the path and increments the 
pheromone deposited on the edge (i, j) as 

𝜏𝜏𝑖𝑖𝑖𝑖 ← 𝜏𝜏𝑖𝑖𝑖𝑖 +γ               (3) 

γ is pheromone deposition factor.  

The termites are guided by updation of the pheromone and 
plays essential role in the convergence of the algorithm to a 
suboptimal route. On the edge (i, j) the updation of the pheromone 
trail is governed by the equation as 
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𝜌𝜌 is decay factor, decides the rate of evaporation of the 
pheromone and value is taken 𝜌𝜌 ≥ 0. The forward termites 
explore for new paths and the backward termites are responsible 
for exploitation of the obtained paths. The best shortest path can 
be obtained if and only if time permits the search to be continued 
till the termination criterion is satisfied.  

As a metaphor to the networks the amount of pheromone ϱ, is 
deposited on a path conveyed by equation, 

𝜚𝜚 = 1
𝐶𝐶(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 )

(5) 

For simple computation in our paper the link cost is computed 
by cumulative link cost of the path between the source and 
destination node and is given as, 

𝐶𝐶(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ) =  ∑ ∑ 𝐶𝐶(𝑖𝑖 ,𝑗𝑗 )
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑗𝑗=1

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑖𝑖=1 (6) 

And the objective function includes the minimization of the 
total link cost mentioned as 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�𝐶𝐶(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  𝑙𝑙𝑙𝑙𝑙𝑙𝑘𝑘  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 )�                (7) 

The values of parameters used in algorithm are K=0.4, F=2, 
𝜌𝜌=0.03 and γ=1.In this way optimal route based upon the link 
cost is obtained using TCO.    

Pseudo Code for TCO Algorithm in WMN 

Figure 1. Pseudo code of the TCO based routing algorithm applied in 
WMN 

B. Steps of the TCO Algorithm 

Step1: Initialize parameters: source node terminal node, no. of 
termites, and initial pheromone on edges. 
Step2:Build paths from source to terminal node using connectivity 
matrix and assigning link cost to each edge. 

Step 3: Randomly generate population of ‘k’ forward termites on 
paths starting from source node, stochastically choose next hop 
using transition probability. 
Step 4: Evaluate summation of pheromone strength on each path. 
Step 5: Backward termite, while backtracking from terminal to 
source node:  deposit pheromone, remove paths with loops and 
update pheromone. 
Step 6: Obtain loop free viable paths. 

If, 

Step7:  Termination criterion is satisfied;  
Step 8: Sort and store the no. Of paths mentioned during 
initialization with total cost in elapsed time, the best shortest path 
is computed if and only if time permits. 

Else,  

Go to: Step 3.   

End. 

SYSTEM MODEL 
Simulation of the network is done in artificial environment 

using MATLAB for analysis and optimization of the routing 
algorithm. The system model gives description of the architectural 
and simulation parameters of the network. We consider 10, 30, 50 
and 100 node network for client WMNs. The networks are placed 
within a 500m X 500m, 1000m X 1000m and 2000m X 2000m 
area. The nodes in the network area are randomly distributed. A 
two ray ground reflection propagation model isused with log 
normal shadow fading. The radio transmission range of the nodes 
is varied from 200 meters to 400 meters. In all the network models 
node number 1 acts as the source node and transmits data packets 
to the last node which acts as the destination node. Random wave 
point mobility model is considered with the nodes having Omni 
directional antenna and can transmit data at a constant bit rate for 
e.g. 1 packet/sec, resulting in CBR traffic model. Table.1 depicts 
the architectural details of the used client WMNs. 

 
Table 1. Architectural details of Client WMNs 
 

Client WMNs 

No. of 
Nodes 

Area(m × m) Radio Range of a node 
(meters) 

10 500 × 500 200 

30 1000 × 1000 300 

50 1000 × 1000 300 

100 2000 × 2000 400 

The network architecture for 10, 30, 50 and 100 nodes are 
shown in figure 2 (a-d) respectively; clearly displaying the source 
and destination nodes. 50, 100, 150, 200 and 500 iterations were 
executed for each set for difference client WMN configurations. 

Table 2: demonstrates the results for 10, 30, 50 and 100 node 
client WMNs. The link costs are obtained by performing 50,100, 
150, 200 and 500 iterations of TCO. The runtime for cited 

begin 
/TCO Parameter Initialization/  
Define source node, Terminal node, Number of Termites, Initial 
pheromone bound, Number of paths, Number of Iterations, Number 
and location of nodes. 
/end of TCO Parameter Initialization/ 
 while(t< Max Generation or Termination criteria not met) 
 For i=1: n 
         For j=1: n 
                             If distance (i, j) <= R (radio range of node) 
Connectivity_matrix (i, j) =1           /routing table maintenance/ 
Integrated_link_cost (i, j) = cost metric 
 endif  
endfor j 
endfori 
/Build paths between source and terminal node/ 
   Random generation of initial termite population of k paths 
            Compute cost of all candidate solutions 
            Compute the shortest path using S-TCO 
Update pheromone trails  
end while  
Postprocess results and visualization; 
end 
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iterations and is documented along with the link cost of the best 
path computed.  

(a) 

(b) 

(c) 

(d) 
Figure  2. Network architecture (a, b, c, d) for 10, 30, 50 and 100 
node client WMN. 

The link cost versus number of iterations is plotted in figure 3 
(a-d) for 10, 30, 50 and 100 node client WMNs correspondingly. 
It is clearly observed that for a 10 node network the TCO based 
approach started with a link cost of 2.2045 in 50 iterations and 
selected best path within a link cost of 1.6750 in 150 iterations 
and continued to the same cost and path till 500 iterations. It 
started at a time of 0.075446 seconds and found the shortest path 
1-9-6-8-10 in 0.080658 second in 150 iterations. Similarly for 30, 
50 and 100 node client WMN configurations the details are 
mentioned in table 2. 

The TCO based approach successfully enumerated the minimal 
cost path within 200 iterations for 10, 30, 50 nodes and for 100 
nodes networks it is able to compute best path in 500 iteration. 
This is because 100 node clientWMN has more number of 
possible paths.  

 

3(a) 

0 50 100 150 200 250 300 350 400 450 500
0

50

100

150

200

250

300

350

400

450

500

X co-ordinates

Y
 c

o-
or

di
na

te
s

Dynamic Positioning of 10 Nodes in Client WMN

1

2

3 4

5

6
7

8
9

10

Source

Destination

0 100 200 300 400 500 600 700 800 900 1000
0

100

200

300

400

500

600

700

800

900

1000

X co-ordinates

Y
 c

o-
or

di
na

te
s

Dynamic Positioning of 30 Nodes in Client WMN

1
2

3
4

5

6

7

8

9

1011

12

13

14

15

16

17
18

19

20

21

22

23

24

25
26

27

28

29
30

Source

Destination

0 100 200 300 400 500 600 700 800 900 1000
0

100

200

300

400

500

600

700

800

900

1000

X co-ordinates

Y
 c

o-
or

di
na

te
s

Dynamic Positioning of 50 Nodes in Client WMN

1

2

3

4 5

6

7
8

9

10

11

12

1314

15

16

17
18

19

20

21

22

23

24

25
26

27
28

29

30

31
32

33
34

35

36

37
38

39

40

41

42

43

44

45

46

47
48

49

50
Destination

Source

0 200 400 600 800 1000 1200 1400 1600 1800 2000
0

200

400

600

800

1000

1200

1400

1600

1800

2000

X co-ordinates

Y
 c

o-
or

di
na

te
s

Dynamic Positioning of 100 Nodes in Client WMN

1

2

3

4

5

6
7

8

9

10

11

12

13

14

15

16
17

18

19

20

21

22

23

24

25

26

27

28

29

30

31
32

33

34

35

36

37

38

39

40

41

42

43

44
45

46

47

48

49

50

51

52

53

54

55

56

57

58

59
60

61

62

63
64

65

66

67

68

69

70

71

72
73

74

75

76

77

78

79

80

81

8283

84

85

86

87

88

89

90

91

92

93

94

95

96

97
98

99

100

Source

Destination

50 100 150 200 250 300 350 400 450 500
1.6

1.7

1.8

1.9

2

2.1

2.2

Iterations

Li
nk

 C
os

t o
f t

he
 P

at
h

Iterations Vs Link Cost for 10 Nodes Client WMN

 

 
TCO
BestPath

Integrated Research Advances Integr. Res. Adv., 2016, 3(2), 56-61              59 



 

3b) 

 

 

3(c) 
50 100 150 200 250 300 350 400 450 500

2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

Iterations

Li
nk

 C
os

t o
f t

he
 P

at
h

Iterations Vs Link Cost for 30 Nodes Client WMN

 

 
TCO
BestPath

50 100 150 200 250 300 350 400 450 500

1.5

2

2.5

3

3.5

4

4.5

5

Iterations

Li
nk

 C
os

t o
f t

he
 P

at
h

Iterations Vs Link Cost for 50 Nodes Client WMN

 

 
TCO
BestPath

Table 2. Results for Client WMNs (20 trails for each set is conducted) 

No. Of 
Nodes 

Iterations Client WMN 
Parameters 

Link Cost of Best 
Path 

  Link Cost Time (Seconds) Path  
 

1.6750 
(Best Path: 1- 9- 

6- 8- 10) 

 
 
 

10 

50 2.2045 0.075446 1-7-9-8-10 

100 1.6945 0.078511 1-9-8-10 

150 1.6750 0.080658 1-9-6-8-10 

200 1.6750 0.081852 1-9-6-8-10 

500 1.6750 0.0852314 1-9-6-8-10 

 
 
 

30 

50 3.7837 0.076880 1-17-11-25-9-30  
2.0531 

(Best Path: 1-28-
21-19-30) 

100 3.4925 0.078344 1-4-28-11-19-30 

150 2.9890 0.080817 1-18-28-11-19-30 

200 2.0531 0.083589 1-28-21-19-30 

500 2.0531 0.089495 1-28-21-19-30 

 
 

 
50 

50 5.1856 0.085290 1-40-4-7-5-39-32-8-21-38-50  
 

1.4038 
(Best Path: 1-29-

27-42-50) 

100 3.1877 0.088758 1-17-34-47-38-50 

150 2.5260 0.089331 1-34-46-8-50 

200 1.4038 0.090103 1-29-27-42-50 

500 1.4038 0.092689 1-29-27-42-50 

 
 
 
 

100 

50 9.7259 0.090458 1-46-22-14-9-88-19-41-26-95-28-
61-84-6-90-77-100 

 
 

3.1760 
(Best Path: 1-98-
86-52-84-90-77-

100) 

100 7.5310 0.092745 1-67-98-14-7-52-84-66-53-78-64-
77-58-72-100 

150 6.4756 0.094328 1-67-7-19-61-66-57-78-81-97-63-
100 

200 5.8772 0.096217 1-3-67-33-52-84-24-90-64-85-100 

500 3.1760 0.099189 1-98-86-52-84-90-77-100 
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2(d) 

Figure 3. Iteration v/s Link cost of path (a, b, c, d) for 10, 30, 50 and 
100 node client WMN. 

RESULTS AND CONCLUSION 
A novel routing approach is proposed based on termite’s 

intelligence. The performance of termite colony optimization 
based approach is computed. The link cost of the route is the 
criteria of performance evaluation of this nature inspired routing 
approach. The link cost of the route is considered to be the 
distance between the source and the destination nodes. The 
objective of the approach is to find the shortest path between a 
source and a destination node in terms of link cost. 

The approach is applied to 10, 30, 50 and 100 node client 
WMNs. For each scenario the approach was simulated for 50, 
100, 150, 200 and 500 iterations and corresponding link cost was 
computed for 20 trials of each set. After comprehensive rounds of 
simulation it has been witnessed that the proposed termite’s 
intelligence based approach for routing in WMN was capable to 
converge to the best path in all the network scenarios for different 
iterations. TCO based routing approach is a competent solution to 
find the shortest /best source and destination nodes in dynamic 
WMNs. Future improvements with respect to TCO can be done to 
improve the protocol to make it suitable for IOT (Internet of 
things). 
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