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Abstract-Routing problem in wireless sensor network (WSN) is 

challenging because WSN has distributed feature, transmission 

requirement, data redundancy and energy restriction. The idea 

of ant colony optimization (ACO) has been used in design of 

routing algorithms for WSN. However, ant colony routing 

algorithms (ACRs) generally have a serious problem of slow 

routing discovery so far. In this paper, a feedback-enhanced ant 

colony routing algorithm (FACR) making use of timed-out 

forward ants and backward broadcasting ants is proposed to 

accelerate the routing process. This algorithm is simulated on 

NS2 and is compared to traditional ant colony routing algorithm 

(TACR). The results indicate that FACR achieves lower packet 

loss rate than T ACR under the same experimental conditions. 

Moreover, FACR shows a shorter end to end delay and higher 

residual energy rate. 
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I. INTRODUCTION 

WSN [1] is a group of sensor nodes that exchange 
information intermittently by means of wireless transmission. 
Due to physical features and techniques adopted, WSN can 
acquire a large amount of detailed and authentic environmental 
information under many domains like national defense, 
environmental monitoring, traffic management, etc. 

A routing algorithm with high performance is crucial for 
WSN because it contributes more effective information for 
longer time. In this paper, we propose two improvements on 
T ACR to achieve lower loss rate of sensed data with shorter 
end to end delay and less energy consumption. 

Over the last few years, researchers on large scale multi
hop WSN have paid attention to self-configuring and self
healing algorithms, and ACO is among them. Inspiration of 
ACO comes from ants' behavior in searching for the optimal 
path to food and sharing information through stigmergy [2]. 
Ants lay a chemical substance called "pheromone" on their 
paths and tend to crawl to places where concentration of 
pheromone is high. When applied to solve scientific problems, 
biological ants are typically modeled as artificial ones [3]. In 
WSN routing field, ACRs which are based on ACO have been 
proposed. 

ACRs regard particular packets used for routing formation 
as artificial ants, which are further divided into forward and 
backward ants by function. Generally, each WSN node 
maintains a pheromone table, which is used to calculate 
probabilities of neighbor nodes selected as relay. A typical 
process for ACRs is as follows. Forward ants search for paths 
according to the table at each node and gather WSN status 
information used to update the pheromone values along their 
paths. When they arrive at the sink node, to which WSN nodes 
should send all their sensed data, backward ants are generated 
and begin to backtrack. Along the reverse paths, they use the 
information obtained from forward ants to implement the 
update operation. 

Based on the process, every ACR has its own 
improvements. Some ACRs [4, 5] construct a novel model 
combining several evaluation indicators to update pheromone 
values. Other algorithms [6, 7] establish multipath to distribute 
load within WSN and provide alternative paths in case of 
optimal path failure. Still some cluster-based versions [8, 9] 
generally design two schemes to solve intra-cluster and inter
cluster routing problems separately. Compared with traditional 
solutions to the general problem of fmding the shortest path 
within a graph, ACRs needn't know the network topology. 
Therefore, ACRs have great advantage over those algorithms 
when applied in WSN. TACR, the basic process of ACRs will 
be described in detail in section II. 

However, the routing discovery speed of ACRs is very slow, 
which is a serious disadvantage faced by ACRs so far. Because 
of the problem, many sensed data packets are discarded due to 
routing failure. Moreover, successful routing to the sink node 
often spends longer time before the formation of stable optimal 
paths. All these lead to a waste of node energy and finally 
result in shortening ofWSN lifetime. According to our research, 
the idea of accelerating routing discovery through feedback 
enhancement is not considered in existent ACRs. For such 
reasons two improvements are proposed in F ACR to achieve 
better performance: 

• A timed-out forward ant is utilized rather than just be 
discarded to indicate the undesirability of its travel path. 

• Backward ants not only backtrack but are broadcast 
along the reverse path upon a forward ant successfully 
reaching the sink node. 
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The rest of this paper is organized as follows. First, T ACR, 
the core of ACRs, is described in detail, and then two 
improvements in F ACR are proposed in section II. Then 
comparisons between the performance of F ACR and T ACR are 
made in section III. Finally, conclusions are drawn and some 
future studies are suggested in section N. 

II. DESCRIPTION OF F ACR 

In ant network models [2, 3] presented in the past, a 
pheromone table <I> is maintained on each network node. When 
ACO is applied in WSN routing field, two types of packets, 
named as forward ants and backward ants separately, are taken 
as artificial ants. Forward ants are used to search for paths, 
while backward ants backtrack and update pheromone tables. 

A. TACR[lO} 
T ACR is among early ACRs and is the prototype of later 

ACRs. It can be informally summarized as follows: 

• A forward ant k is launched by a WSN node towards 
the sink node when there's a need to search for paths. 

• At each node i, ant k selects a neighbor node j as the 
next hop to the sink node under a probability p(ij) 
calculated according to (1). 

• 

(1) 

otherwise 

where ((J(ij) is the amount of pheromone on link (ij) 
recorded in cfJ, f/(iJ) is a priori desirability of the move 
from i to j computed through heuristics using (2), tabUk 
is a list of nodes within vicinity of node i never visited 
by ant k so far, a and fJ are respectively the relative 
importance of ((J(ij) and f/(ij). 

(2) 

In (2), ej is the residual energy of node j and N; is the 
neighborhood of node i. 

Ant k is discarded when it reaches the sink node or it is 
timed-out. The routing discovery process is over in the 
second case. And in the first case, a backward ant r is 
generated and sent back along the reverse path of ant k. 
Ant r considers the source node address of ant k as its 
destination and an increment, which is used to update 
the pheromone table at every node along the path, can 
be obtained through the following formula. 

I1rp(i,j) = Q / Lk (3) 

where Q is used to adjust accuracy according to the 
total number of nodes in WSN, and Lk is the path 
length. 

• During this back process, when a node i receives ant r 
from one of its neighbor nodes j, pheromone value ((J(iJ) 
is updated in the following manner. 

rp(i,j) = (1- p)x rp( i,j) + px I1rp(i,j) (4) 

where p is used to control the relative importance of 
previous pheromone amount versus the incremental 
value, while I-p represents the evaporation of 
pheromone since the recent update time. 

• Ant r is discarded on reaching its destination. 

B. Additional Feedback in FACR 
In previous improved ACRs, no attention is paid to solve 

the problem of slow routing discovery through making extra 
use of forward and backward ants. In F ACR, the basic idea of 
improvements implemented is to bring more feedback to an 
original ACR. Two specific methods are described as follows. 

1) Timed-out forward ants: Forward ants will be discarded 
whenever they're timed out without any feedback before. In 
other words, sending and receiving of timed-out forward ants 
consume node energy but contribute nothing to routing 
establishment. Moreover, the invalid paths these ants travelled 
through will quite possibly be chosen again especially during 
routing initialization phase. 

To address this issue, timed-out forward ants should be 
made use of rather than just being discarded. In fact, these ants 
may indicate that their paths should be given lower pheromone 
values so that future forward ants have a smaller chance of 
choosing these unsatisfied paths. Similar indications can 
contribute to routing formation through modifying pheromone 
values along the paths of timed-out forward ants. The specific 
method can be described that a corresponding backward ant is 
generated and sent along the reverse path when a node receives 
a timed-out forward ant. However, when such a backward ant 
arrives at a node, different update formula is used to recalculate 
the pheromone table. 

There exist two types of nodes on the reverse path. Type I 
nodes ever receive backward ants from the sink node, while 
type II nodes do not. 

For type I nodes, although the forward ant failed to find 
the sink node this turn, future forward ants are still more likely 
to reach there because discovered paths exist. This moment 
pheromone information should be updated according to an 
existent optimal path. Each type I node keeps P node to denote 
the shortest path length from current node to the sink node and 
each backward ant carries Proute with it, which records the 
minimum hop number towards sink calculated from values of 
Pnode along the reverse path. Formula (5) and (6) are used to 
calculate P node and P route of current node and backward ant 
respectively. 



{ -too 
m =O 

P = node mine P"ode , P'Ollle (1), ... , P'ollte (m )) m � I (5) 

where m represents the number of backward ants current node 
has ever received, P route(i) I g:Sm is the P route value the ilh ant 
carries. 

n = O, k E BAt 

n = O, k E BA2 

n � I 
(6) 

where n represents the number of nodes current backward ant k 
has travelled, Pnade(i) Ig:Sn is the Pnade value the ilh node has, 
BA 1 is a set of backward ants sent after forward ants reached 
the sink node, and BA2 is a set of backward ants sent after 
forward ants timed out. 

When a backward ant belonging to BA2 arrives at a node, 
pheromone infonnation on the node is modified using the same 
fonn as (4). However, 11<p(iJ) is calculated in a different way as 
follows. 

where Rhead is the rest path length for the backward ant. 

(7) 

For type II nodes, the pheromone value should decrease to 
indicate that current node is a bad forwarding candidate 
towards the sink node, and pheromone infonnation is updated 
using (8). 

rp(i,j) = R,ail xrp(i,j)/ R'en (8) 

where R'en represents total path length of the backward ant, and 
R/ail is the number of nodes the backward ant has passed. 

Fig. I is used to make a better explanation here. A 
backward ant is sent after a forward ant with sink node d as its 
destination timed out at i. When the ant reaches m , pheromone 
amount on link (m ,n) will decrease because there was no path 
ever discovered from n to d. When the ant arrives at i, 
pheromone variation on link (i,j) is calculated considering P2 
instead of PI as the potential optimal path. 

When the backward ant reaches s, a single-cast request with 
a longer TTL (Time to Live) is sent to begin an extra routing 
discovery process if all the three following conditions are 
satisfied: 

• No path to the sink node of the timed-out forward ant 
is ever found. 

• A time span IS exceeded since recent sending of 
request. 

• The new TTL is below a predetennined maximum 
value of TTL. 

Figure I. Backward ants backtrack after forward ants timed out 

2) Backward broadcasting ants: When a forward ant 
finally arrives at the sink node after an arduous journey, an 
effective path is found. In the return process of the backward 
ant, improvement can be taken against the newly discovered 
path, and additional contribution can be made to guide future 
routing of packets sent by non-path nodes. 

The specific approach adopted is to broadcast backward 
ants along the reverse path. A random delay is added to each 
transmission and the process can be stopped in order to avoid 
flooding WSN when pheromone distribution is good enough 
for data packets to reach the sink node. On receiving a 
broadcasting backward ant, pheromone amount is updated 
according to (3) and (4) with an extra process of detennining Lk 
value. 

The method has two main advantages. One is that when 
nodes receive broadcasting backward ants sent from the sink 
node, they can accumulate some priori infonnation of routing 
towards the sink node in case new routing discovery requests 
arrive. Value of Lk is calculated through the method below. 

Lk = min(R,ai/ (1) + T"rd (1),"', R,ail (n) + T"rd (n)) (9) 

The other advantage is that a better path is established when 
a non-path node receives broadcasting backward ants sent from 
two path nodes and non-path distance between them is shorter 
than path distance. This moment, Lk is calculated using the 
following fonnula. 

In (9) and (10), n is the number of broadcasting backward 
ants sent from the sink node in one tum, RheaJCi) and Rial)) 
Ig:Sn are respectively the Rhead and R/ail value of the path node 
that sent the ilh broadcasting backward ant, Tbrd (i) I g:Sn is the 
number of non-path nodes the ith broadcasting ant has passed. 
Rhead and Rlail are defmed in the same way as before. 

A specific example is illustrated in Fig. 2. A path from 
source s to sink node d marked by solid line is already 
established, and backward ants are broadcast along the reverse 



path. Node k is within the communication ranges, represented 
by dashed circle, of both i andj. (k,j,d) is the shortest path from 
node k to d in this tum of backward ant broadcasting, so the 
pheromone amount qJ(j,k) should be updated using path length 
calculated by (9). Moreover, (i,k,j) denotes part of a potential 
shorter path than current one marked by dot dash line, so the 
pheromone amount on link (i,k) and (k,j) should increase with 
path length calculated from (10). 

Figure 2. Broadcasting backward ants discover potential better paths 

III. SIMULATION EXPERIMENTS 

A. System Settings 
To prove that F ACR outperforms T ACR, we use NS2 

simulator to test the two algorithms. In the experiments, the 
size of simulated area is 600 X 600 m2• Nodes, the number of 
which varies from 60 to 15 0, are deployed randomly to 
simulate realistic scenario where the network topology is 
unknown. No location information except that of neighbor 
nodes is needed by a network node. And every node can easily 
get to know its neighborhood through an initial broadcasting 
process. 

Taking IRIS node of Corporation Crossbow [11] as 
reference, we define energy consumption model as energy 
consumption of receiving data 0.395 MW and that of sending 
data 0.66 MW. Energy spent on sensor perception is not 
considered in this paper. Node energy is initialized to 100000 
MW. Bandwidth is set to 25 0 kbps, and sensed data generation 
rate on the application layer is 100 bytes every 45 seconds. 

Parameters (a.,{J,Q,p) of ACR are set to (0.8,004,30,0.8). 
qJ(i,j) is initialized to lin;, where n; is the number of neighbor 
nodes of node i. When there's need of sending data to the sink 
node, and no path is ever found or existent paths have expired, 
m =3 X n; forward ants are sent out to search for paths. The two 
algorithms stop running at the same time point when both of 
them achieve steady state, where sensed data packets are 
almost transmitted along valid paths of minimum hop counts. 

Because ant colony routing selection is a probability event, 
100 experiments for each algorithm in each scenario were 
performed. Mean values show general properties of every 
indicator, while standard deviations (abbreviated to "std. dev.") 
indicate the stability of algorithms. 

B. Experimental Results 
Network performance indicators are defined as follows: 

• Packet loss rate: the ratio of the number of sensed data 
packets successfully reaching the sink node to the total 
number of sensed data packets. 

• End to end delay: in the sensed data transmission 
phase, average time cost by transmitting sensed data 
packets from source nodes to the sink node. The unit is 
millisecond. 

• Residual energy rate: the average ratio of residual 
energy of a node after algorithm running to initial 
energy of the node. 

Fig. 3 presents the comparison of packet loss rate between 
T ACR and F ACR under same study parameters. It can be seen 
that F ACR obtains a packet loss rate about 11 percentage 
points lower than T ACR. The standard deviations of F ACR are 
approximately average 0.7 percentage points higher than that of 
T ACR considering all scenarios except the 60 node scenario. 
The differences are within acceptable range. 
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Figure 3. Packet loss rate comparison 
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Because F ACR increases feedback on the basis of T ACR, it 
brings more ants, which are essentially packets used to search 
for paths and different from sensed data packets, to WSN. This 
will cause growth of energy consumption, node queue length, 
and further lead to end to end delay increase. Therefore, after 
running the same time, T ACR performs better than F ACR in 
end to end delay and residual energy rate. However, there's a 
time point before algorithms stop running, when F ACR has 
transmitted the same number of sensed data packets as T ACR 
dose at the end of running. We will use the time point to 
calculate the next two indicators of F ACR, in order to state that 
F ACR can obtain the same amount of sensed data transmission 
with smaller end to end delay and less energy consumption. 

Figo4 illustrates that F ACR achieves an end to end delay 
about 18 milliseconds shorter than T ACR. Moreover, the mean 
values of F ACR are less affected by WSN size. The gap 
between F ACR and T ACR has a tendency to expand with the 
increase in the number of WSN nodes. Considering the three 
scenarios where F ACR has bigger standard deviations, the 
average standard deviation of F ACR is about 1 millisecond 
higher than that of T ACR. But for all scenarios, F ACR has an 
average standard deviation about 1 millisecond lower than 
TACR. 



Fig.S displays that F ACR has higher residual energy rate 
than T ACR in all scenarios. The average residual energy rate of 
F ACR is about 16 percentage points higher than that of T ACR. 
In the 60 to 110 node scenarios, standard deviations of F ACR 
are lower than that of T ACR. A contrary conclusion is drawn 
from the rest of scenarios, and the average standard deviation 
of F ACR is about 1.5 percentage points more than that of 
T ACR. Considering all scenarios, F ACR has an average 
standard deviation of residual energy rate approximately 1.6 
percentage points less than T ACR. 
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Figure 4. End to end delay comparison 
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Figure 5. Residual energy rate comparison 

IV. CONCLUSION 
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F ACR is proposed in this paper to achieve faster routing 
discovery rate. In the algorithm, when a forward ant is timed 
out, a backward ant is sent along the reverse path, which makes 
the corresponding forward ant also contribute to route 
formation through updating pheromone information on the path. 
When a forward ant reaches the sink node, a kind of 
broadcasting ants are sent by nodes on the path to adjust and 
reinforce the discovered path. Experimental results indicate that 

FACR's packet loss rate is lower than that of T ACR under the 
same conditions. Moreover, F ACR achieves a shorter end to 
end delay and consumes less energy when it reaches the same 
packet loss rate as T ACR. 

At present, F ACR uses only path length to calculate change 
in the amount of pheromone during newly added feedback 
enhanced process. However, in pace with network transmission, 
network environment will change. There may arise some 
phenomena like unequal node energy consumption and load 
imbalance. In the future work, neighborhood energy 
distribution and congestion degree in vicinity will be 
considered in calculation of pheromone change. Theoretically 
speaking, comprehensive consideration of multiple elements 
wi11 lead to balanced use of resource. As a result overall routing 
performance may be improved. Moreover, improvements of 
other ACRs against T ACR can be added to F ACR so that 
further comparisons can be done to confIrm that F ACR also 
outperforms other ACRs. 
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