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Abstract— A Wireless Sensor Network (WSN) is composed of 
resource-constrained sensors with limited capabilities. Wireless 
Sensor Networks are subject to more packet loss and congestion. 
For efficient congestion control, an accurate and timely 
estimation of resource demands by measuring the network 
congestion level is necessary. To mitigate congestion, either the 
available resources have to be increased (resource control) or the 
source transmission rate should be restricted (traffic control). 
Most congestion control in WSNs has focused on traffic control. 
We proposed a Dynamic Resource Control Protocol (DRCP) to 
control congestion in wireless sensor networks.  DRCP utilizes 
multiple resources to control congestion.  DRCP alleviates 
congestion by controlling transmission power. Simulation results 
show the performance of the proposed protocol that improves 
system throughput, and decreases packet dropping, while saving 
energy.  

Keywords— Wireless Sensor Network; Congestion Control; 
Resource Control; Transmission Power  

I.  INTRODUCTION  
A sensor network consists of elements of communication, 

sensing, and computing that react to events in an environment 
[1]. WSN sensors have wide applications in areas such as 
military, business, health and home applications.  Energy 
conservation, congestion control, reliability in data 
dissemination, security, and management are among the factors 
that should be kept in mind in designing WSNs. 

Congestion control is one of the main functions of transport 
control protocols’ design. In the case of congestion control, the 
onset of congestion, its place and time should be detected. A 
perfect congestion detection method should be energy-efficient 
and accurate. Upon congestion detection, there are two options 
to alleviate the congestion: reducing the source rate or 
increasing the network resource. The problem of congestion in 
sensor networks remains largely open yet [1, 2] 

Most of previous studies on congestion control in WSN 
control the congestion by throttling the rate at the source and 
intermediate nodes.  Although reducing source rate is effective 
in some sensor network applications [3, 4], it is inappropriate 
for some special applications for the following reasons: Firstly, 

during an emergency or a crisis, the data being generated will   
be are very important to the application and thus have great 
value. This should be delivered to sink with higher rate, and 
thus reducing the source rate during a congested state is 
undesirable[3]. Secondly, due to elastic availability of 
resources in WSNs it is easier to use more resources during 
congestion time to increase network lifetime [3]. 

 In this paper, a resource control protocol is proposed. We 
call it DRCP for Dynamic Resource Control Protocol for 
Alleviating  Congestion.  DRCP tries to adjust the resource 
provisioning at the congested region.  DRCP is used among 
intermediate nodes in order to offer a node more available 
resources for transmitting the packets and redirects traffic away 
from congested areas.  

The rest of this paper is organized as follows. In section II a 
brief review of related work in the WSN transport protocols is 
presented.  The proposed model is explained in section III. In 
section IV using computer simulation, the performance of the 
proposed model is evaluated. Finally, section V concludes the 
paper. 

II. RELATED WORKS 
To control congestion in WSN, two different approaches 

are used: traffic control and resource management. The main 
objective of traffic control approaches is to adapt the source 
rate base on network congestion level. During past few years, 
different traffic control protocols have been proposed in WSNs 
[5-15]. Note that traffic control approaches are not always 
effective in wireless sensor networks.  So for some applications 
that it is not possible to change the source rate, the resource 
control schemes are used.  CADA [16] computes a node’s 
congestion level by two metrics: buffer occupancy and channel 
utilization. When congestion occurs, a detour path is built for 
redirecting traffic to bypass the hotspot region. In [17, 18], two 
analytical approaches for control congestion in wireless 
network are presented. These two protocols are applicable in 
wireless network not for wireless sensor network.  In  and  [19] 
during periods of congestion the fidelity is increased using 
“virtual sinks” concept. When congestion is detected virtual 
sinks redirect the packet using its long radio range to the 
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physical sink. Therefore, the traffic is detoured from congested 
region. Early Increase/Early Decrease (EIED) [3, 4] is a 
resource increase and decrease algorithm that adjusts the 
effective channel capacity to the incoming traffic volume. 
TARA [4] is a Topology-Aware Resource Adaptation  protocol 
which makes off nodes active in order to change the current 
topology to alleviate the congestion. The overhead of TARA is 
high because it should know end to end topology. The work 
presented in [20] tries to distribute traffic into additional paths 
to bypass the congestion region. Interface-minimized multipath 
routing [21] balances the traffic load by discovering zone-
disjoint paths. Therefore, the throughput is increased with 
minimal requirement of localization support. In [22] an online 
traffic engineering algorithm is presented. The algorithm 
actions are taken on-demand. The multipath routing is used to 
alleviate congestion. Idle and under loaded nodes are used 
during congestion period. A traffic aware routing algorithm 
(TADR) has been presented in [23]. Each node measures travel 
cost for its neighbors and selects a neighbor with minimum 
distance and lower queue length as a next hop. 

III. PROBLEM OVERVIEW AND GENERAL APPROACH  

A. Problem Formulation  
In the proposed protocol we assume that Գ= {1,2,…,n} 

sensor nodes are distributed in the network, uniformly. There 
are a set of links ࣦ={1,…,l} that each one is between two 
nodes i and j when j is within the communication range of i.  
There are S={1,…,s} א Գ source nodes and Թ={1,…d} sinks in 
the network. Without loss of generality, in the simulation 
section we consider only one sink. For each node i א Գ, ܩ is 
the set of node i neighbors that are in its radio range. 

B. Power Consumption Model  
To calculate the power consumption in the network, we 

follow the model used in [24]. Therefore, the power expended 
in J/s to receive  ܤ  -bit/s in the radio model is given by: ܧ௦௩ሺܤሻ ൌ ݁௧ כ ܤ   (1)

where ݁௧ (J/bit) is the energy spent per bit in the electronics 
circuits at the transceiver. The power expended in J/s to 
transmit ܤ௦-bit/s  from one node to the other is given by: ܧ௦ௗሺܤ௦, ݀ሻ ൌ ௦ܤ  כ ሺ݁ௗ݀ఉ  ݁௧ሻ (2) 

where ݀  is the distance between two nodes, ݁ௗ is the 
energy dissipation for transmitting unit of data over unit of 
distance, ߚ  is the path loss exponent and usually 2  β  4 for 
the free space and short to medium range radio communication. ݁௧ is the energy dissipated for each bit in transmitter circuitry.  

The energy spent by the sensor when it is idle is ܧௗ  . 

C. General Proposed Approach 
In this section we provide an overview of the proposed 

protocol. For simplicity, we call it DRCP. DRCP is used 
among intermediate nodes in order to offer a node more of the 
available resources for transmitting the packets, and to redirect 
traffic from congested areas. Each node has the capability to 
decrease or increase its transmission power Increasing 
transmission power allows a node to discover more neighbors. 
The overall result is thus a better resource utilization.  

When congestion occurs, it becomes important to know that 
which resource should be increased and by how much to 
achieve the best result. Increase in one resource may increase 
or decrease the availability of other resources.  

Each node can adjust radio transmit power to vary its 
communication range from 0 to the maximum transmit range. 
Adaptive transmission power control recently has received 
attention in wireless sensor networks and has been studied in 
the literature in several contexts with different objectives [25, 
26]. Thus, it is realistic and suitable for sensor nodes. 

For a given node in the network, the algorithm periodically 
finds the path(s) with minimal cost between that node and 
every other sink nodes.  

D. Resource Availability Measurement and Path Grading 
Each node utilizes DRCP algorithm to compute a cost for 

all of its neighbors, based on the following metrics. Finally, 
each node elects a neighbor based on a ranking of their costs. 
Each node collects a neighbor’s cost information and computes 
the path cost for each neighbor j as follows: 

ܶ ൌ ݎܲߙ  ሺ1 െ ሻߙ 0ܥ  ߙ  1  (3) 

Where ܥ   is a communication cost between node i and j.  ܥ  is calculated as follows: 

ܥ (4)  ൌ ,௦ܤ௦ௗ൫ܧ ݀൯ 

where ݀  is the distance between two nodes i and j, ܧ௦ௗ is 
the energy consumption for sending data(see (2)). ܲݎ  is a local 
cost of node j. The local cost of node j (ܲݎ ) is computed as 
follows: ܲݎ ൌ ൫ܥߚ  ሺ1 െ ሻܼ௦ߚ ൯ிೕ

 0  ݎ  1 (5) 

where ߚ is a constant coefficient that indicates the 
importance of each parameter 0  β  1 and ܨ  is the free 
space ratio of node j’s queue which is calculated as follows: ܨ  ൌ ሺܮ  െ ܷ ሻܮ   0  ܨ   1 (6) 

where ܮ  is the maximum queue length (total space), and ܷ  is the number of packets in the queue (used space). 

As the queue length increases, the ܲݎ  increases to prevent 
queue overload.   

The node used energy ratio (Ζୱሻ is computed using the 
following: 

Ζ௦ ൌ ሺΖ் െ Ζሻ Ζ்⁄  0  ܼ௦  1 (7) 

where ܼ and ்ܼ are respectively, the remaining energy and 
initial energy of node. 

The node drop status ܥ shows the node drop probability 
of a given node. ܥ  is obtained by combining the node 
congestion index (ܫ) and MAC discard probability (ௗ ) which 
shows the probability of dropping packet in a node. ܥ  is 
computed as follows: 
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ܥ ൌ  ܫ  ൫1 െ ൯ܫ כ ௗ  ൌ  ܫ  ௗ െ ൫ܫ כ ௗ ൯   (8) 

Where ܫ is a node congestion index and  ௗ  is a MAC 
packet discard probability of node i that are computed as 
follows: ܫ is computed using the Average Loss Interval (ALI) [27] 
method to calculate packet loss probability.. Suppose that ݈୩ (k 
=1,..,8)  be the number of packets in the kth most recent loss 
interval. n is the number of intervals. Two variables ݈  and ݈୬ୣ୵ 
are used as follows [27]: 

݈ ൌ ∑ ݓ ݈ୀଵ∑ ୀଵݓ  (9) 

݈௪ ൌ ∑ ାݓ ݈ୀ∑ ୀଵݓ  (10) 

 For weights equal to: 

ݓ  ൌ 1 , 1  ݆  ݊ 2⁄ ݓ ;    ൌ 1 െ ݆ െ ݊ 2⁄݊ 2⁄  1,    ݊ 2⁄ ൏ ݆  ݊ 

Therefore the drop percent (congestion index) ܫ is defined 
as follows: ܫ ൌ ,ሺ݈ݔ1݉ܽ ݈௪ሻ (11) ௗ  , is the ratio of generated packets that are not 
successfully transmitted. ௗ   is the probability of  dropping 
packet  either due to  channel access failure, or because of 
collision. Following [28], we can compute the MAC packet 
discard probability:  ௗ ൌ ோାଵ    1 െ ோାଵ1 െ   (12) 

where  and  are channel access failure probability and 
collision probability respectively,  R is the maximum number 
of retransmission attempts at the  MAC layer.  

Using the history of the node status, ܥ  can be computed 
by using a weighted average method in which each computed ܥ over past T period of time, carries different significance as 
follows: ܥ ሺݐሻ ൌ ߴ ൈ ሻݐሺܥ  ∑ ሺ1 െ ሻ்ୀଵߴ ൈ ݐሺܥ െ ݆ሻ   

 t  1       ,     0   Ԃ  1  (13) 

where t demonstrates the backward step to the past history.  
The parameter ߴ controls the effect of the current drop 
percentage. Since both ܫ and  ௗ  are in [0,1] intervals, the  ܥ is 
also in [0,1] interval. The higher the value of  ܥ the higher the 
drop probability and the congestion level of the node. 

All nodes broadcast their local node cost ( ܲݎሻ  and their 
minimum cost to the sink, periodically. Each node collects a 
neighbor’s cost information and computes the path cost for 
each neighbor j. Thus, node i computes its least cost path to 
sink s as follow: 

ܲ௦ ൌ ݉݅݊א ீ౨ ൛ ܶ  ܲ௦ ൟ (14) 

 For each node i א  ୰ is the set of node i ‘s neighborsܩ ,ܰ
that are in its radio range r. Each node j periodically sends its 
node price ( ܶ ) and its transmission cost to sink s ( ܲ௦ ) to its 
neighbors. 

E. Resource Increment Procedure 
As soon as the hot spot node detects that its congestion 

level is above some upper threshold, it needs to quickly 
increase its resources. There are three congestion thresholds, ݅݊ܿ௧, ݁ݎ௧ and ݀݁ܿ௧ in this system which determine 
whether the resource decrement or increment will be started or 
not. The first two are used to specify the color of each node as 
follows: 

GREEN: ݉݅ ݊ఢீ൛ ܶൟ  ௧݁ݎ  (): No congestion problem. 

YELLOW: (݁ݎ௧ ൏ ݉݅݊ఢீ ൛ ܶൟ  ݅݊ܿ௧ሻ: Congestion is about 

to occur. Thus the node starts to gather extra information to run 
the transmission power enhancement procedure.  

RED: (݉݅ ݊ఢீ൛ ܶൟ  ݅݊ܿ௧.): The transmission power 
enhancement procedure is started. 

BLACK: A node is unable to enhance its resources. Thus it 
stops to accept any packets from its neighbors to save its 
current resources.  

The maximum radio range increment is determined based 
on node remaining energy and the MAC discard probability. 
Let ܧ  and ܧ ′  be the communication energy consumption 
with radio range r (current radio range) and ݎ′ (new radio 
range), respectively. ܧ  and ܧ ′ are defined as follows: 

ܧ (15) ൌ ݁௧ݎఉ 

ܧ (16)  ′ ൌ ݁௧ݎ ′ఉ 

To have ܧ߂ ൌ ൫ܧ ′ െ ൯ܧ   γ  is the upper bound of the) ߛ
difference of energy consumption with current and new radio 
range), the upper bound of  ݎ′ is obtained as (17), using (15) 
and (16): 

(17) 0  ߰  ߛ 1 ൌ ߰ כ ݎ ௨ܧ ′  ඨܧ െ ௧ഁ݁ߛ
 

The value of  γ is significant as it strongly affects the 
energy conservation. For instance, to save energy, γ can be 
determined based on the remaining energy ( ܧ௨) at a node.  
Let us to describe the transmission power increment procedure 
by an example. Consider the example shown in Fig.1.  

 
Fig. 1. An example to explain transmission power increment 
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Assume node i has the radio range r. The list of node i’s 
neighbors is given by ܩ ൌ ሼܿ, ݀, , ݊, ݉ሽ. Suppose node m is 
the current next hop of node i so it has the minimum path cost 
to the sink s through m ( ܲ௦ ).  When the color of node i is 
YELLOW, it starts to gather extra information in order to use it 
for resource control procedure if needed. When node i’s color 
changes to YELLOW, a CO bit (Congestion is Occurring) is 
set in the packet’s header to notify the neighbors. Furthermore, 
it puts its maximum allowed transmission power ݎ′ (see (17)) 
in the packet.  This packet is received by all of its neighbors. 
They start to select a proper node to suggest it to node i. For 
example when node j receives a packet which its “CO” bit is 
set, it selects its minimum cost neighbor in terms of i (for 
example k ) and sends the k’s costs to node i in the next round. 
The suggested neighbor k should have the following 
characteristics: 

• The distance between i and k should be less than ݎ′  
(݀   (′ݎ

• The path cost (to the sink s) of node k for node i should 
be less than the path cost (to the sink s) of node j for 
node i  ( ܶ   ܲ௦ ൏ ܶ   ܲ௦ ) 

• The node color of node k  should not be “BLACK” 

• k should not be in the node i's current neighbor list 
(݇ ב  (ܩ

Node i receives all suggested nodes from its neighbors and 
updates its suggested list to use it when appropriate.  When the 
color of node i changes to RED it searches its suggested list to 
elect a new neighbor as a next hop. Thus node i needs to 
increase its transmission power to cover the new neighbor. 
Suppose k is the minimum cost node of the suggested list and 
m is the current minimum cost node of node i, if the following 
conditions occurs, then the node i does not increase its 
transmission power: 

If the minimum cost of the suggested list is greater than its 
current minimum cost node cost. ( ܶ   ܲ௦  ܶ   ܲ௦) 

Increasing radio range from r to r' will increase the MAC 
discard probability from ௗܲே to ௗܲேା   where N is the number of 
neighbors with radio range r and ܰ   is the number of ߞ
neighbors with radio range r’ (ζ  can be estimated through 
nodes distribution function). Let χ be the upper bound of the 
allowable dropped packets in MAC layer with regard to 
network performance. If ௗܲேା  is greater than χ, the radio range 
is not changed.  If ௗܲேା  is less than χ then the radio range will 
change from r to r’. Although the χ ൌ 0 is desirable, it is not 
possible with regard to the characteristics of WSNs.  The value 
of χ is related to network characteristics such as number of 
nodes, network density, etc. Thus if the following condition 
should be satisfied  

(18) 0  ߯  ݎ 1 ′   ቌ ඨܧ െ ௧ഁ݁ߛ  ቚۃ ௗܲேା ൏  ቍۄ߯

Higher transmission power allows higher communication 
coverage and more energy consumption. Once a node has 

limited energy, the transmission power should not be increased 
in order to save energy. The value of β is set to 2.  

In the following cases, the transmission power increment is 
canceled: 

o If  k is not able to change the i’s color from RED  
and 

o If ሺ ܶ   ܲ௦ሻ െ ൫ ܶ   ܲ௦൯ is small when 
compared to the increase in energy consumption 
and MAC drop probability 

When node i is not able to increase its radio range and not 
find any appreciate neighbor, it changes its color from RED to 
BLACK and informs this fact to the nodes around it. 
Neighboring nodes remove the related node from their active 
neighbor list. Thus, the node is not selected as a next hop by 
other nodes in subsequent rounds.  A BLACK node just send 
its remaining packets and participates in exchanging cost 
information phase until its color changes from BLACK.  When 
a BLACK node changes its color from BALCK and becomes 
available again, the neighbor nodes are informed accordingly. 
When a source realizes that all of its neighbors are BLACK, it 
should start the traffic control procedure to reduce its sending 
rate. 

F. Resources Decrement Procedure 
As congestion decreases, the resource decrement procedure 

is started to save available resources.  To perform this, each 
node i evaluates its neighbors’ costs, periodically. If the 
maximum cost is less than the threshold, ݀݁ܿ௧ , the node 
decreases its transmission power to avoid energy consumption. 
Radio range reduction satisfies the following conditions: 

(19) 
൛ݔܽ݉ ܶൟ  ݀݁ܿ௧ and ݀  ݎ ′′   
k: selected neighbor with minimum ܶ ݎ  ,   ′′ is less 

than current ݎ 
After reducing transmission power, if a node encounters a 

change in its neighbor list (due to the exit of a node), it should 
send an update message to tell them that they have been exited 
from its neighbors list. 

G. Congestion Thresholds 
The three congestion thresholds are periodically adapted 

based on the congestion level. We used a EWMA based 
method to calculate an average of minimum cost and maximum 
cost over some period of time as follows: ݊݅݉ܥ௩ ሺݐሻ ൌ ௩݊݅݉ܥߜ ሺݐ െ 1ሻ  ሺ1 െ ሻߜ ݉݅݊ఢீ ൛ ܶሺݐሻൟ  

௩ݔܽ݉ܥ (20) ሺݐሻ ൌ ௩ݔܽ݉ܥߤ ሺݐ െ 1ሻ  ሺ1 െ ሻߤ ఢீݔܽ݉ ൛ ܶሺݐሻൟ  0  ,ߤ ߜ  1 ݀݁ܿ௧ሺݐሻ ൌ ݀݁ܿ௧ሺݐ െ 1ሻ כ ቆܿܽ݉ܥ௩ ሺݐ െ 1ሻݔܽ݉ܥ௩ ሺݐሻ ቇ (21) 

݅݊ܿ௧ሺݐሻ ൌ ݅݊ܿ௧ሺݐ െ 1ሻ כ ቆ݊݅݉ܥ௩ ሺݐ െ 1ሻ݊݅݉ܥ௩ ሺݐሻ ቇ (22) 
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 where ܶሺݐሻ  is the total cost of node i to select node j.  ߜ 
and  ߤ are weights which can be set  using simulation, or by 
experimentation.  

When the congestion level is increased, the minimum and 
maximum costs are increased too. As a result the radio range 
increment probability is grown and radio range decrement 
probability is reduced. By using simulation and 
experimentation, an initial value of ݀݁ܿ௧ and ݅݊ܿ௧is defined 
based on the first cost table as follows: ݀݁ܿ௧ ൌ ሺ݉݅݊ఢீ݃ݒܽ ൛ ܶൟ  , ఢீݔܽ݉ ൛ ܶൟሻ  

(23) ݅݊ܿ௧ ൌ ఢீݔܽ݉  ൛ ܶൟ  
where ݉݅ ݊ఢீ൛ ܶൟ   (݉ܽݔఢீ൛ ܶൟ ) is the minimum 

(maximum) cost of node i to select node j as its next hop. The ݁ݎ௧   parameter can be calculated as follows: ݁ݎ௧ ൌ ݅݊ܿ௧ כ ௧ 0ߠ  ൏ , ௧ߠ ௗߠ ൏ 1 (24) 

IV. SIMULATION RESULTS 
In this section, we use a simulation study to evaluate the 
performance of the proposed protocol under different 
scenarios. 100 nodes were deployed in  400 ൈ 400 m2 grid 
using OPNET simulator [29]. Each simulation is run 10 times 
and then the results are averaged. To simulate a real 
environment, the values for the power consumption 
parameters at the intermediate nodes were chosen as the same 
for an 802.15.4-compliant RF transceiver CC2430 [30].  

The proposed protocol is implemented, and compared with 
resource control based scheme named TADR [23].  TADR is it 
similar to our approach in that it controls congestion by using 
resource control method.   

 
Fig. 2. Average end to end delay 

 
Fig. 3. Delivery ratio 

 
Fig. 4. Average Network throughput 

 
Fig. 5. Fig 5: Network consumed energy 

Fig. 2 shows average end-to-end delay in periodic data 
generation scenarios. The notable issue is that in DRCP 
protocol, cost is the sum of transmitting costs of all nodes 
along the path, while TADR considers just the next hop cost. 
TADR cannot estimate the sum of queuing delays of the path. 
TADR just pays attention to the queue length of the next hop 
neighbors. Therefore, the estimation of the end-to-end delay 
and loss are not possible in TADR.  

In this paper, we consider a realistic MAC layer model to 
represent the contention between nodes in the network. Thus 
packet loss occurred because of MAC layer contention and 
queue overflow. As can be observed in Fig. 3 (delivery), the 
number of received packets in DRCP is higher than TADR 
which is a result of using the nodes with lower drop 
probabilities and higher energy.  

In the proposed protocol, cost is the sum of transmitting 
costs of all nodes along the path. If node i is unable to find a 
path with a reasonable cost, then it attempts to find more 
neighbors with a higher radio range. Higher radio range will 
increase the number of neighbors. Thus, a node possesses 
more options to obtain a path with suitable cost. Since the 
nodes' local cost contains MAC packet discard probability, the 
nodes with higher local cost have lower chance to be selected 
as the next hop. Consequently, by increasing the transmission 
power, the probability of successful end to end data delivery is 
improved.  

In sever congestion, the resource availability is decreased 
and packets are dropped either due to collision or due to buffer 
overflow. As a result the delivery ratio is decreased. As shown 
in Fig. 3 the delivery ratio of DRCP and TADR are decreased 
in high traffic rate due to lack of resources.  

Fig. 4 displays the throughput of all protocols. Network 
throughput is the average rate of successful packet delivery. 
DRCP and TADR are not reducing sending rate during 
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congestion.  
Fig. 5 shows the nodes energy consumption. The proposed 

protocol is an energy-efficient method that avoid congestion 
with an acceptable rate of energy consumption. The network 
lifetime is the time until the first node dies. The DRCP 
protocol transmit more packets along the network than TADR. 
As a result, it is more appropriate and fairer to consider that 
the ratio of energy consumption to the transmitted packets.  

V. CONCLUSION 
In this paper we presented a resource aware congestion 

control protocol that alleviates congestion by controlling 
transmission power. A wireless sensor network typically 
involves many resources. When congestion occurs in a WSN, it 
is essential to quickly determine which resource(s) should be 
increased and by how much to best alleviate the problem.  The 
ultimate goal of the protocol is to utilize available resources 
with low energy consumption, which will, in turn, lead to 
congestion control. Several potential metrics are introduced 
that confirms the congestion level and available resources 
along the path from source to sink. Increasing the transmission 
power offers more neighbor nodes that can serve as the next 
hop, and results in a higher channel capacity. The congestion 
thresholds are periodically adapted based on the congestion 
level that makes it capable of detecting congestion more 
accurately. 
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