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Abstract-- Large numbers of small, low-power sensors are 

present in Wireless sensor networks that communicate 

through wireless links. Wireless sensor networks for 

healthcare have emerged in past few years due to the need to 

collect patients’ physical, physiological data and vital signs. 

Availability of the low cost sensors makes this data collection 

possible. One of the major challenges in these networks is to 

mitigate congestion. In this paper, a data centric congestion 

management protocol using Active Queue Managements 

(AQM) is proposed for healthcare applications with respect 

to the inherent characteristics of these applications. This 

study deals with end to end delay, energy consumption, 

lifetime and fairness. The proposed protocol avoids 

congestion in the first step (routing phase) using multipath 

and Quality of Service aware routing. And in cases where 

congestion cannot be avoided, it will be mitigated via an 

optimized congestion control algorithm. 

Keywords-- AQM, congestion, Quality of Service, routing 

and protocol. 

I.   INTRODUCTION 

ireless Sensor Networks (WSNs) have been widely 

applied in different areas. Nowadays, Healthcare 

aware Wireless Sensor Networks (HWSNs) have received 

a great attention due to the properties of WSNs such as 

reliability, interoperability, efficiency, wearability, low-

power consumption and inexpensiveness. One of the 

applications of WSNs is remote monitoring of patients by 

doctors and nurses which eliminates the need to be 

physically present in the patient sites. Figure 1 show 

different sensors attached to patients being capable of 

sensing patient information which can be sensitive (vital 

signs, such as the heart rate and breathing condition) or 

non-sensitive (motional signs, such as legs sensors). The 

received information can be trans- mitted to the control 

center with the help of neighboring nodes. Sensitive 

information needs low delay and low packet loss while 

non-sensitive data can tolerate more delay and more 

packet loss. We restricted ourselves to healthcare 

applications which require stationary sensor nodes (they 

do not change their locations for at least a few hours).   

Fig.1: Different sensor attached to patients 
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In medical emergencies, it is quite likely that the sensors 

placed in the different patient’s sense and transmit vital 

patient information very frequently and simultaneously. 

This leads to increased likelihood of network congestion 

in such applications. Congestion in WSNs leads to 

dropping of packets at the nodes, increased consumption 

of the limited energy in the nodes and reduction of the 

throughput of the network. We addressed the problem of 

congestion by proposing a new approach to avoid it. In 

this approach, congestion will be avoided by distributing 

packets through multiple routes and if congestion still 

occurs, we run an optimized congestion control algorithm. 

Congestion control algorithms are classified as source 

based or network based .Source based algorithms are 

deployed at the end host where the transport protocol is 

responsible for detecting congestion in the network. 

Network based algorithms, on the other hand, are 

implemented in the intermediate network devices, 

especially routers. Based on the degree of congestion 

detected in the network, source based algorithms adapt the 

rate at which the application is sending traffic.  

This mechanism, more popularly known as end to end 

congestion control is employed by transport protocols 

such as the Transmission Control Protocol (TCP). In 

network based algorithms, the intermediate network 

equipments are responsible for detecting on coming as 

well as subsisting congestion and provide feedback to the 

sender for indicating the situation. Source based 

algorithms work well for traffic that is responsive to 

congestion e.g. TCP traffic. However non-sensitive traffic 

e.g. User Datagram Protocol (UDP) traffic may still cause 

congestion due to its greedy behavior. Thus, the need 

arises for network based congestion avoidance and control 

mechanisms. There are different factors involved in the 

design of transport protocols for sensor networks: 

congestion control and reliable data delivery .Since most 

data move from sensor nodes to the sink, congestion is 

likely to occur around the sink. In order to increase the 

speed of the connection process, improve efficiency and 

decrease transmission delay, sensor network transport 

protocols should facilitate the process of the initial 

connection or use protocols without connection. Most 

applications in wireless net-works are passive, meaning 

that the network is monitored inactively and waits for an 

event before sending data. When an event occurs, these 

applications may have quantitative packets to send. 

Congestion control is important in traditional TCP 

networks as well as wireless sensor networks. QTCP 

(active Queue management support TCP) is one of the 

latest works for controlling congestion in traditional TCP 

networks with the help of AQM. Because of the inherent 

nature and the main goal of WSN to transmit data in an 

energy efficient way traditional congestion control 

protocols cannot directly used in wireless sensor network. 

So there was a need to design transport protocols for 

wireless sensor network that could deal with three 

mechanisms in case of congestion: congestion detection, 

congestion notification, and rate adjustment. 

There are several congestion detection methods that are 

employed in wireless sensor networks. One common 

mechanism is the use of queue length, packet service time 

or the ratio between service time and the time between 

packets in an intermediate node. For sensor networks 

using MAC layer protocols such as CSMA, channel load 

can also be used as a tool for congestion detection. When 

congestion is detected, transport protocols transfer 

congestion information from the congested nodes to other 

nodes on the route to the sink or the source nodes that 

have had a part in detecting congestion. 

Different algorithms presented in the field of WSN, are 

more suitable for some applications with regard to their 

output parameters and diagrams. In most of congestion 

control methods, the rate of packet sending is reduced 

immediately after congestion occurs and the lost sensitive 

packets are tried to be retrieved. This needs to an extra 

buffer in the previous nodes in order to keep the packets 

in it until receiving acknowledgment for them making 

these methods costly. Also, this makes sensitive traffic 

streams to reduce their sending rate. However, it is 

favorable that the sending rate for sensitive traffic streams 

isn’t greatly reduced. So, in the proposed protocol, we 

have developed a congestion avoidance phase in which 

several paths are made primarily and the nearest one is 

allocated to sensitive traffic. Having multiple paths makes 

the traffic streams be distributed among them fairly based 

on their sensitiveness. 

A. The proposed protocol: The main objective of the 

proposed protocol is to avoid, or if not possible, control 

congestion in wireless sensor networks. There are two 

main parameters: energy and delay. In all routing 

protocols which are developed for WSN, energy should 

be considered as a goal parameter. Delay is the main goal 

parameter for healthcare applications. HOCA considers 

two types of traffics: sensitive and non-sensitive. 

Sensitive traffics are designed to transfer high priority 

data (they need low delay) and non- sensitive traffic is 

designed to transfer normal traffic.  

The proposed protocol works in the following phase: 1) 

request dissemination which is performed by the sink, 2) 

event occurrence report which is performed using packets 

that are forwarded from sensors located on patients body 

to the sink, 3) route establishment, 4) data forwarding and 

rate adjustment in case of congestion occurrence. First, 

the sink (the telemedicine center) sends its requirements 

(required information) to network nodes (sensors 

connected to the patient’s body). In the meantime, any 

network node observing the event specified by the sink, 

will inform the sink with an event report (patient’s 

condition) using the phase 2 procedure. In the second 

phase, the initial routing tables are formed. These tables 

are then used in the third phase where different routes are 

chosen in the final routing tables. The fourth phase is the 

data forwarding phase in which the data recorded from the 

events observed by nodes are given to the sink. A large 

volume of data is moved in this phase; therefore a 

procedure for congestion control is needed. 
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Fig.2:Proposed Protocol 

B.  Congestion control mechanism in intermediate nodes: 

Our goal is to provide routing and congestion 

management in WSN’s for healthcare applications. 

Congestion management comprises two phases: 

Congestion avoidance and congestion control. Congestion 

avoidance is implemented by distributed routing 

algorithm. 

 

 

Fig.3:The structure of an intermediate sensor node. 

 

The probability of the drop (Pi) of a packet in it h queue is 

determined using the following equation: 

When a packet is received by the node, drop probability 

Pi is computed for the packet. Packet will be queued or 

dropped, based on Pi value. In fact, higher probabilities of 

loss for a flows how that the corresponding queue is in 

critical status with respect to the congestion. Therefore, 

the weight of Pi has been used directly in determining the 

sending rate and the degree of congestion in each node.  
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Performance evaluation of the proposed protocol: 

MATLAB and OPNET, are the two software used in 

investigating the performance of the proposed protocol. 

Eq. (2) optimization function along with other required 

functions were run in MATLAB. The simulation phase 

was carried out using OPNET. Since both software have 

been programmed based on C++ we have the option of 

creating links between the two. Therefore, the proposed 

protocol was simulated by linking the two software using 

C++ compiler. 

 

Fig.4: The topology which is used in simulation. 

Transmission range                          40m  

Initial node energy                            50J  

Type traffic                                       Sensitive 

and non-sensitive  

Network area                                    200_200 

m2  

Packet sent energy                             12mJ  

Packet receive energy                         10mJ  

Congestion detection epoch each       

50packet 

Table1:  Simulation parameters. 

 

In Fig, the mean of remaining node energy at the time of 

death for the first node has been calculated. According to 

the results in Fig. 8, the mean remaining energy in nodes 

is less than REEP. The lower remaining energy is a result 

of higher energy consumption. 

C.  End to end delay comparison: Another fundamental 

parameter which is considered in HOCA is the end to end 

delay. Delay is a parameter which is crucially important 

for the health care applications. With regard to the fact 

that REEP could not have priority for different traffic 

type, there exists only one priority for it. 

 

 In Fig End to End delay for sensitive and non-sensitive 

traffic in HOCA and for REEP has been shown. Due to 

the fact that it is not possible for REEP to prioritize 

different types of traffic, it supports only one type. 

Presented is the end-to-end delay in both sensitive and 

non-sensitive HOCA as well as REEP .End-to-end delay 

is the time taken for a packet to be transmitted from 

source to destination. Figure 14 indicates that the end-to-

end delay for sensitive traffics is less than both in 

sensitive and REEP traffics .Low end-to-end delay is 

expected for sensitive traffics considering the scheduler 

utilized for them. Simulation several that HOCA could 

achieve its objectives. The HOCA protocol transmits 

more control packets in the first and second phases at the 

beginning of simulation results in more end-to-end delay 

in comparison with the total average. But with increase in 

time and end of control packets and beginning of 

congestion control procedure in companion with rate 

adjustment,  HOCA  traffic delay decreases. 

D.  Bandwidth performance:  

Bandwidth performance is one of the most important 

parameters in congestion management methods. We 

demonstrate the relation between bandwidth utilization 

and the total produced traffic. Here the bandwidth 

performance parameter is calculated based on the number 

of packets arrived at the sink node in a certain time unit. 

As is shown in Fig, HOCA has much better bandwidth 

performance compared to REEP. This is mainly because 

of the large amount of lost packets in REEP .Also HOCA 

uses different paths to be able to send great amounts of 

traffic (multipath). 
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II.   CONCLUSION 

In this paper a congestion management protocol for the 

use in healthcare applications in wireless sensor networks 

has been presented. The best scenario for the proposed 

protocol can be patients bedridden in a special ward of a 

hospital or private clinic, particularly apoplectic or brain 

dead patients who are unable to move and so the sensor 

nodes are stationary in these applications. The proposed 

data driven congestion management algorithm consists of 

congestion avoidance and control components. The first 

phase of HOCA is designed to disseminate the demands 

of the sink while the other phases are respectively patients 

sign report (event report),the route establishment, data 

forwarding and congestion control. In data forwarding 

phase, HOCA encounters three kinds of traffic, namely, 

sensitive, non-sensitive, and control packet. Data packets 

are sent through multipath to avoid congestion. If 

congestion occurs, congestion control mechanism adjusts 

traffic source rates hop by hop. The proposed protocols 

takes into account parameters like end to end delay, 

energy consumption, lifetime of the network and fairness 

in energy consumption. Finally, using performed 

simulations, the performance of HOCA has been 

investigated. Simulation results show that the proposed 

protocol is more efficient than the back pressure and 

REEP schemes in terms of packet loss, energy efficiency, 

end to end delay and fairness. 
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