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With numerous sensors transmitting data simultaneously to one or more base stations
(also called sinks), sensor nodes located near the base station will most likely experience
congestion and packet loss. Beside the literature review carried out on congestion
schemes, this paper developed a pilot WSN testbed and carried out a study on the impact
of traffic congestion on TelosB RF transceiver nodes. In the testbed, owing to its
flexibility and robustness, and incorporated load balancing cluster head maintains
stability in the network. With the controlled traffic distribution and rate adjustment, the
strategy helps to minimize packet drops and improve energy efficiency in worst case
scenarios. The experimental testbed demonstrates that with good traffic regulation, the
various physical traffic parameters of a multifunctional sensor node-TelosB C2420 can
be adequately captured reliably. Traffic Distribution on the sensor nodes, energy effects
FSTP variationsns on delay timestamp were obtained in the study.A validation
simulation result in a future work will show that with a proposed algorithm can offer fair
resource utilization with corresponding efficiency when compared with other schemes.

1. Introduction
1.1. Background Study
Generally, congestions in wireless sensor networks (WSNs) results in packet losses,
throughput degradation and energy waste [1]. To address this issue, this work develops,
formulates and analyses an enhanced rate based scheme called Rate Feedback Early
Detection Congestion Avoidance scheme (RF-EDCAS) that addresses congestion issues
in Wireless Sensor Networks. In prior works, the design of the congestion control
algorithm that will be suited for all types of applications in sensor networks is a
challenging task due to the application-specific nature of these networks. With numerous
sensors transmitting data simultaneously to one or more base stations (also called sinks),
sensor nodes located near the base station will most likely experience congestion and
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packet loss. In this thesis, an efficient scheme that
cumulatively addresses congestion is developed. The
congestion management strategy primarily aims to reduce
packet drops by monitoring the FIFO queues while
maintaining fair bandwidth allocation to incoming flows.
Congestion control is a critical challenge facing WSNs [2],
[3].In most cases, conventional congestion control schemes
simply reduce the transmission rate at transport layer to
relieve network congestion. As a consequence, they cannot
maintain stable network throughput and conserve energy.
Moreover, existing congestion control algorithms usually do
not take into consideration the impact of energy efficiency.
The extra signal transmission for the purpose of congestion
control and the retransmission of dropped data packets will
cause significantly large energy consumption, thus reducing
the network life cycle [1]. In addition, in many-to-one multihop routing, most of the existing algorithms may cause
packets originating from sensors close to the congestion node
to have a higher probability of being dropped, which is
generally known as the unfairness problem.
To address these shortcomings, a rate based hop-by-hop
cross layer congestion control scheme, (RF-EDCAS), is
proposed in this paper. It shares the MAC layer channel
information with transport layer and controls network
congestion by adjusting data transmission rate and channel
access priority. This will be characterized with TelosB
wireless sensor nodes. Future work will conducted and
evaluate the performance of the proposed approach against
other related schemes while analysing the results.
1.2. Research Statements
The following research questions will be answered in
course of this research, viz:
1. How can the root causes of congestion are tracked in
wireless sensor designs.
2. How can the shortcomings and error types in traffic
analysis & modeling in wireless sensor network designs
be revamped.
3. Is it possible to achieve fast network convergence while
low latency and through with little overhead on sensor
nodes and sinks?
4. How does the proposed congestion management scheme
improve the overall performance of the network
topology?
5. When compared with existing schemes, how do they
compare or correlate while having a good acceptance
index for adoption.

Java APIs.
2. To develop an efficient algorithm that will address the
possible causes of congestion in a linear topology such
as routing technique, queuing method, and delay.This
will be in the context of buffer occupancy and channel
assignment in the wireless sensor design and
deployment.
3. To present problem formulations in the context of
energy efficiency and discuss on how the proposed RFEDCA scheme will address the problem scenario.
4. To develop a methodology of performance evaluation
and optimization while analyzing the impacts of the
selected performance metrics viz: Convergence, buffer
size variation, queuing delay, and latency.
Most these will be presented in our future work, but, in all
cases, it is mandatory to address the congestion in the sensor
field to prolong the network lifetime, and to provide the
required quality of service (QoS) that WSN applications
demand. Experimentally, this research develops and
characterizes a test-bed environment where parameters that
indicate the condition of a pipeline such as temperature and
humidity in addition to network parameters such as link
quality index, received signal strength and device count rate
are captured with the aid of a low-cost CC2420 RF
transceiver (sensor node). The CC2420 RF transceiver is a
single-chip operating at 2.4GHz and provides a spreading
gain of 9dB in addition to an effective data rate of 250kbps.
In the test-bed, four sensor nodes are configured with Java
Application Programming Interface (API) to communicate
with its sink. The sink, a high density data logger server
module serves as a collection centre for physical data
captured in addition to network parameters received,
considering a specific distance of deployment on the pipeline.
This work also discusses, develops and analyses a reliable
technique for dealing with congestion in the buffer memory
area of the CC2420 RF transceiver from the individual sensor
nodes to the sink. Problems like pipeline breakage, quality of
service, latency, effective resource utilization and throughput,
in addition to packet loss ratio in the sensor node’s
communication are solved using various mathematical
models and simulations in a future works.
The rest of this paper is organized as follows: Section II
reviews related work. Section III describes the RFEDCAalgorithm/scheme and gives theoretical analysis of its
feasibility while characterizing the testbed with TelosB
sensor nodes. Section IV presents the experimental research
methodology. Section V presents results and performance
analysis. Section V concludes the paper.

1.3. Research Contributions
Our main contribution in this work is to understudy the
influence of congestion using RF-EDCA scheme as an
efficient algorithm for predictive congestion detection. Other
Specific Objectives includes:
1. To characterize and obtain real life data for analyzing
congestion in a WSN setup using TelosB Tiny OS and

2. Related Works
A number of congestion control schemes and protocols
have been proposed for WSNs. The end-to-end and hop-by
hop congestion control are two general methods for traffic
control in WSNs [1]. The end-to-end control can impose
exact rate adjustment at each source node and simplify the
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design at intermediate nodes. However, it results in slow
response and depends highly on the round-trip time(RTT). In
contrast, hop-by-hop congestion control has faster response.
CODA (Congestion Detection and Avoidance) [4] is
atypical congestion control mechanism in WSNs. It contains
three basic strategies: congestion detection based on
receiving, open-loop hop-by-hop feedback and multiple
source rate adjustment in closed loop. CODA guarantees that
throughput satisfies the accurate request by adjusting rate in
closed loop way. However, it may cause seriously source rate
shaking because of the AIMD (Additive Increase
Multiplicative Decrease) strategy and sensor nodes may
deplete extra energy by monitoring channels periodically.
ESRT (Event-Sink Reliable Transport) protocol [5] mainly
guarantees reliable transmissions and controls congestion by
changing and transforming the network state.
The SenTCP [6] protocol uses a more accurate method to
detect congestion than CODA. It is good for adjusting the
sensor node rates properly.
Cross-layer design can share the information of wireless
medium in MAC layer and physical layer with the upper
layers (i.e. network layer, transport layer, and application
layer). This can allocate the network resource effectively and
hence improve the network performance. Some cross-layer
congestion control algorithms have been proposed in recent
years. For instance, Hull et al. [7] proposed a cross-layer
congestion control scheme named Fusion. It exploits three
techniques to achieve cross-layer processing: hop-byhopflow control, rate limiting source traffic when transit
traffic is present, and a prioritized MAC protocol.
The PCCP [8] algorithm assigns different priorities to
every node. It uses cross-layer optimization approach to
detect congestion degree and mitigate congestion, where
nodes’ rates and flows are adjusted according to the priorities.
Lin and Shroff [9] presented a cross-layer optimization
scheme for multi-hop wireless network, which focuses on
how the performance of congestion control will be impacted
by imperfect scheduling algorithms. Chiang [10] proposed to
jointly optimize congestion control and power control in
cross-layer manner. The ANAR [11] mechanism is another
cross-layer optimization scheme, which combines transportlayer congestion control and network-layer routing protocol.
The Cross-Layer Active Predictive Congestion Control (CLAPCC) scheme [12]for improving the performance of
networks applies queuing theory to analyse data flows of a
single-node according to its memory status, combined with
the analysis of the average occupied memory size of local
networks. In order to ensure the fairness and timeliness of the
network, the IEEE 802.11 protocol is revised based on
waiting time, the number of the node’s neighbours and the
original priority of data packets. The sending priority of the
node is adjusted dynamically.
DiffQ [13] provides practical adaptation and
implementation of differential backlog that involves a crosslayer optimization of both congestion control and MAC
scheduling in real multi-hop wireless networks. ACT
(Adaptive Compression-based congestion control Technique)
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[14] is an adaptive compression scheme for packet reduction
in case of congestion. The main problem of ACT is its high
complexity. In addition, there are a number of research works
attempting to increase the sensor node data transmission
throughput, packet delivery ratio and data security via
multipath routing [15], [16].Although the existing schemes
[3], [17], [18] play important roles in improving performance
of WSNs, designing an effective congestion control scheme
is still a challenging issue in WSNs. This paper now
summarised the congestion schemes below.
2.1. Rate-Based Scheme
The basic idea of the rate-based scheme is for a forwarding
node to estimate the number of flows coming from each
upstream neighbor and assign transmission rate in
accordance with the fairness when congestion is detected. In
[5] an event-to-sink reliable transport protocol (ESRT) is
proposed for congestion control. ESRT is a centralized
protocol to regulate the reporting rate of sensors in response
to congestion detected by sink. Each sensor node monitors its
local buffer level and sets a congestion notification bit in the
packets forwarded to sink if the buffers overflow.
When the sink receives a packet with the congestion
notification bit set, it infers congestion and broadcasts a
control signal notifying all source nodes to reduce their
reporting frequency. A distributed congestion detection and
avoidance protocol (CODA) is proposed in [4]. In CODA, if
congestion is detected, the receiver will broadcast a
suppressive message to its upstream neighbors and at the
same time make local adjustment to prevent propagating the
congestion downstream. When an upstream node receives a
backpressure message, based on its own local network
conditions it determines whether to further propagate the
backpressure signal or not. This scheme does not consider the
fairness issue. The authors in [7] propose a mitigating
congestion protocol which combines three congestion
mitigating mechanisms, hop-by-hop flow control, rate
limiting and prioritized MAC layer. This scheme requires a
tree routing structure to work correctly. A localized algorithm
for aggregate fairness protocol is proposed in [20]. When a
sensor receives packets more than it can forward, the sensor
will calculate and allocate the date rates of upstream
neighbors by a weighted fairness function. However, the
fairness function of this congestion control protocol was not
considered carefully with the remaining buffer size and
transmission rate at the same time. It only considers that the
sum of data rate from upstream neighbors must be less than
the sum of data rate it can forward to downstream neighbors
when congestion is detected.
2.2. Priority-Based Scheme
In the priority-based scheme, it emphasized the importance
of priority mainly. Most recent researches about congestion
control for wireless sensor networks only guarantee simply
fairness, which means that the sink receives the same
throughput from all sensors. In fact, sensors might
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deployment in different places, have the difference of
hardware or capacity and the sensing events are different.
Therefore, the priorities of sensors may be different. The
importance sensors have higher priority, which means the
importance sensors can gain higher throughput. In [19] a
priority-based congestion control protocol is proposed. This
scheme uses packet inter-arrival time along with packet
service time to measure a parameter defined as congestion
degree and furthermore imposed hop-by-hop control based
on the measured congestion degree as well as the node
priority index.
2.3. Buffer-Based Scheme
In the buffer-based scheme, the key for congestion control
makes sure that a sensor i sends a packet to its downstream
neighbor j only when j has buffer space to hold the packet.
This scheme is simple and effective, but not considers the
data rate of upstream and downstream neighbours. It
eliminates the complicated rate-based signaling that is
required by many existing congestion control approaches.
This scheme, unlike the rate-based approaches, it does not
drop packets. In [21] a congestion avoidance protocol based
on lightweight buffer management in sensor networks is
proposed.
Although it can guarantee that the packet does not drop in
the forwarding way, the buffer utilization is low. Most of
congestion control protocols did not consider buffer state and

date rate at the same time. The rate-based scheme is for a
forwarding node to estimate the number of flows coming
from each upstream neighbor and assign rate in accordance
with the fairness when the congestion is detected. The bufferbased scheme makes sure that a sensor i send a packet to its
downstream neighbor j only when j has buffer space to hold
the packet. Both the two schemes consider either in data rate
or buffer state to allocate the data rate for its upstream
neighbors. To avoid the above drawback of rate-based and
buffer-based schemes, our congestion control protocol takes
both buffer capacity and data rate into considerations.
In this paper, a hop-by-hop cross-layer congestion control
scheme is introduced. The major differences between this
work and the aforementioned approaches include the
following aspects:(1) RF-EDCA shares the MAC layer
channel information with transport layer, which is used to
adjust local channel access probability. When congestion
occurs, congestion information can be quickly fed back to
upstream nodes, while local congestion can also be alleviated
as soon as possible and the local node’s buffer queue can
avoid being overflowed.
(2) In order to relieve congestion and keep stable network
throughput, our RF-EDCA algorithm dynamically adjusts the
channel access priority to multiplicatively decrease or
linearly increase data transmission rate.

3. HOP-BY-HOP RF-EDCA SCHEME

Figure 1. Illustration of Proposed scheme (Rate based feedback signal and local congestion processing Congestion Scenario)

The RF-EDCA algorithm can be built on various contentionbased MAC protocols that are widely used in wireless sensor
networks. In this work, we adapt the SMAC protocol [22].
RF-EDCA is composed of three main parts: (1) congestion
detection, (2) feedback signal sending and local congestion
processing, and (3) feedback signal processing in upstream
node. The whole process of the RF-EDCA algorithm is
shown in Fig. 1.Suppose that node_1, node_2 and node_n+1

are arbitrary intermediate nodes in a WSN, all of which
perform the congestion control algorithm. All of them
compute their own local congestion information. Node_4
feeds back its congestion information to its upstream node_3.
After receiving the feedback signal, node_3will add its own
congestion information into the feedback signal fromnode_4,
and then relay the new feedback signal to its upstream
node_1. Node _2 also carries out local congestion processing
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and feedback signal processing to relieve the congestion
within the downstream node _3 and itself. Node_1 processes
the feedback signal in the same manner with node_2, and the
feedback signal will be sent to the source node hop-by-hop.
Finally the source node will adjust its data transmission
rate to relieve congestion. In the following subsections, we
will describe the RF-EDCA scheme in detail through
elaborating on the used congestion detection method,
feedback signal generation and transmission sending method,
feedback signal and local congestion processing method.
Route poison Rp is addressed by the RF-EDCA procedures
outlined below.
It is worth noting that frequent hop-by-hop transmission of
feedback signals would consume significant amount of the
node’s energy, which is not conducive to prolong network
lifetime. To avoid this problem, the RF-EDCA algorithm
adopts implicit notice mechanism. The feedback signal is
attached in the RTS/CTS control frame of MAC protocol.
The MAC layer manages the radio channel and sends the
congestion signal to the source node hop-by-hop, which can
avoid energy waste caused by broadcast.
3.1. Congestion Detection
In order to satisfy the accuracy and low-cost requirements
of network congestion detection, RF-EDCA adopts the
similar detection mechanism as SenTCP [6]does. We define
two parameters: congestion degree Cd and buffer occupancy
ratio Br. Congestion degree indicates the changing tendency
of buffer queue. The value of Cd is defined by Equ 1.
Cd = Ts/Ta

(1)

The values ofTs and Taare derived from t, and t′
From Equ 1,Tais the interval between the arrival of two
adjacent data packets in MAC layer, t is the
arrival time of the data packet, t′ is the arrival time of last
data packet, Tsis the average processing time of data
packets in local node, ts are the transmission time of data
packets, and p is an adjustable parameter, which can be set
below the value of 1. The value of Tsis updated when a data
packet is sent out. If Cd > 1, the arrival rate is bigger than the
departure rate of data packets, indicating that congestion may
possibly happen in the near future.
The congestion detection scheme cannot only enable the
upstream node to quickly decrease data transmission rate
after receiving the congestion signal, but also adaptively
adjust local data transmission rate according to congestion
tendency.
3.2. Feedback Signal Generation and
Transmission
The second phase of RF-EDCA is to generate feedback
signal for upstream node and process local congestion.
There are three issues that need to be solved in this phase:
(1) When to transmit the feedback signal? (2) How to
transmit the feedback signal? (3) How to process the
congestion locally?
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In our context, a sensor node may have three states viz:
transmitting, receiving and sleeping states. Since a sensor
node can only execute the congestion control algorithm when
itis not in sleeping state, there are two mechanisms to
generate congestion feedback signal: one is to generate
feedback signal before the node transmits data packets, and
the other is to generate feedback signal before the node
receives data packets. When the local node is ready to
transmit data packets, RF-EDCA performs local congestion
detection, and adjusts channel access priority according to
the congestion condition. The node then sends the congestion
information attached in RTS(Request to Send) packet to the
upstream node. The upstream node adjusts its channel access
priority according to the received congestion information
when it begins to transmit a new data packet in next time slot.
2) With the mechanism (see Fig. 1), the node performs
local congestion detection after receiving the RTS request
from the upstream node, then replies to the upstream node
with the congestion signal attached in CTS (Clear To Send)
packet. The upstream node adjustschannel access priority
after receiving the congestions signal when the next data
packet is transmitted. The local node adjusts local channel
access priority according to the congestion condition when a
data packet needs to be sent out.
In this work we a mechanism for generating and
transmitting feedback signals as shown in figure 1. The
reason behind is that it is better to detect congestion and send
congestion information before data packets are sent out.
3.3. Feedback Signal and Local Congestion
Processing
The rate adjusting strategy could affect network
communication performance significantly, especially
network throughput and transmission fairness. When the
upstream node processes feedback signals from the
downstream node, it should also consider its own congestion
condition. Assuming that the upstream node receives
congestion signal successfully, the feedback signal and local
congestion processing method used in RF-EDCA addresses
congestion additively. It is clear that RF-EDCA exploits the
AIMD strategy for transmission rate adjustment. The major
purpose of using such a strategy is to relieve local congestion
as soon as possible while keeping stable network throughput.

4. Research Methodology
4.1. Measurement and Characterization of
WSN Architecture (Test Bed
Characterization)
RF-EDCA scheme was configured in the setup as shown in
figure 3.1. The measurement testbed was designed for
deployment in a hierarchical infrastructure monitoring such
as pipeline, bridges, railways, e.t.c. This work used.
The TelosB sensor CC2420 (a true single-chip 2.4 GHz IEEE
802.15.4 compliant RF transceiver) designed for low power
and low voltage wireless applications [23].It includes a
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digital direct sequence spread spectrum baseband modem
providing a spreading gain of 9 dB and an effective data rate
of 250kbps. In our production deployment, four sensor nodes
with IDs: ND1-192.168.10.1.100, ND2-192.168.10.1.200,
ND3-192.168.10.1.300,ND4- 192.168.10.400, are used with
ND4 as the sink terminal connected via an optional network
switch to a Linux Ubuntu server 10.10 for stability, while
using a virtualization Ware (VMWare 7.8) for the XP service
pack 2 for the tiny OS deployment. For the measurements,
the nodes are heavily duty cycled while applying the RFEDCA efficient routing algorithm at MAC layer for the
nodes. The nodes has idle mode and sleep mode which helps
also in energy conservation. However, the nodes draws
current at different rate in different modes e.g the current
drawn in the following modes receive, idle and sleep mode
are 23mA,21µA ,1µ A respectively. Again, the node sends
data only when a specified threshold is exceeded in order to
conserve energy. The data delivery model used was the event
driven type which is more energy conservative compared
with the periodic sensing model.
4.2. Description of the Empirical Test
Configuration Environment
In this section, this work presents its study on the
measured CC2420 radio model and its behavior in the testbed

sensing background. The measurement testbed is deployed in
an indoor wireless environment for WSN infrastructure.
Generally, WSN applications as well as their protocol
performance are influenced by the present wireless
environment. To enable high-fidelity, fine-grained
measurement of RF-EDCA WSN protocol behavior in a
large-lab setting, the testbed was designed as a four-tier
architecture as discussed above reflecting figure 2 and shown
in figure 3 in expanded forms. This deployment could
consists of distributed servers designed for the purpose of
complex data processing and powerful computing, and up to
200 sensor nodes placed on a 9 × 17 rectangular grid wooden
benches with around 2 feet spacing. Both the server and
sensor nodes with a USB expander hub are sub-controlled
elements of testbed environment.
As earlier discussed, the sensing element -TelosB mote
used in this work, is an open source platform designed to
enable the application deployment for experimentation. The
motes run TinyOS 2.1 integration discussed below which
implements the networking stack and communication with
sensors, and provides the programming environment for the
platform. Figure 2shows the system architecture for the
measurement testbed. N0 is the sink while N1....Nn are the
basic sensor nodes.

Figure 2. Network Architecture

As shown in figure 2, optionally, the wired link has a
better data rate compared with the wireless which was used
in this work. The network is scalable as it can support more
nodes when properly configured. The network switches can
an optimized bandwidth for connectivity with the server.
However, this work intentionally explores the capability of
the TelosB sensor node in its wireless mode only while

utilizing the FTSP implementation to reduce radio delays.
In wiring and configuring WSN hardwares for the
regulatory deployment, in order to facilitate the topology
control and improve the programming efficiency, the number
of sensor nodes used in one cluster was limited to four with
their respective IDs, but fine tuned and connected to the
server machine via USB expander interface. Again, these
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four sensor nodes were optimized and carefully connected to
server in order to prevent programming errors on sensor
nodes.
For optional measurements, the nodes could be connected
via a switch to provide a multi hop network for larger
experiments. With the Gigabit Ethernet switch (which
provides sufficient bandwidth connectivity to and from the
sensor nodes for control operations), a connection can be
established to an Ethernet backchannel network. Figure 3
shows an efficient arrangement of sensor nodes linked to the
server as basic sensor nodes, cluster heads and sinks. As part
of this research, figure 3 was used for capturing WSN
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parameters peculiar to the TelosB sensor nodes, in an indoor
environment. The conditions for an indoor environment was
configured as shown in figure 3setup for congestion
monitoring. In the production testbed, the sensor node (ND4)
with communication address ND3-192.168.10.400 was
interfaced with the server serving as the sink/ cluster head.
The remaining three sensor node was placed at different
distances for different scenarios with an angular positioning
from the sink. The measurements were taken at several
distances and the data obtained recorded. From figure 3, each
row of the sensor nodes has a cluster head and a sink.

Figure 3. Empirical Testbed Based on TelosB

4.3. Measurement Platform
We wish to state that figure 2 and 3 are the representative
simulation environments, but in the production testbed where
the congestion study was carried out, two programming
languages, NesC and Java were used in the experiment for
activating the communication between the nodes and the sink.
Programs written in NesC is used to convert the readings
from the sensor node direct to actual values. In context, the
Tinyos 2.x has Java 1.5, platform independent compilers for
MSP430 Platforms and Tinyos/NesC related tools. The
tinyOS code were compiled and loaded into the mote via
USB. As with any TinyOS application, the key files are used
viz: Make file, Header file, Configuration file, Module file.
(i). The Makefilepoints to the public Configuration file and
sets some of the available CC2420 flags. In this case, the
radio is used without acknowledgements, and the channel
selected is channel 26.
(ii). The Header files can be used as auxiliary files to
define constants and type structures, which is a comfortable
way of quickly modifying applications. In the work, several
constants have been defined, such as the default sampling

rate which is in millisecond, the total number of sensors
sampled, and an id that will be used to discriminate between
different kinds of messages. Also, the packet structure that
will be sent through the radio has also been defined:
temperature, humidity, light.
(iii). The Configuration file links the different components
used, such as: the main module file, Active MessageC for the
Radio, AM SenderC to handle message sending, and also to
place the identification of the sent message thanks to the
previously definedID, TimerMilliC for the periodic timer,
Msp430InternalVoltageC,SensirionSht11C,HamamatsuS1087
ParC and HamamatsuS10871TsrC for the different sensors
(iv). TheModule file regarded as the private part of the
component iswhere the main application is coded. After the
boot event in the experiment, a periodic timer is started. The
nodes are programmed to send data every 5seconds in the
experiment. After the message is sent successfully, the radio
is turned off to reduce power consumption. All measurements
from ADC counts to evaluation data units are converted with
relevant conversion formulas. For the congestion analysis,
firstly the sensed data includes: latency, Humidity,
Temperature, Data rate, and LQI –RSSI and Packet loss ratio
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for various distances. The program for the collection of data
and the graphical user interface display of the sensor node is
developed in Java language. The program displays the data
values as it is sent while allowing for saving the capture
ddata. The nodes are programmed to send data
every7seconds in an event data delivery fashion. The data
sent each 7 second till 3minutes was sustained and saved.
The saved data which was up to 100 different counts was
averaged and used for analysis in this work.
4.4. Algorithm/Procedures for Nodes Setups
Mode 1: Host Address mapping to Sensor Nodes
Procedure
- From the command prompt, change directory to
SensorRouterApp and click enter e.gcd /opt/tinyos-

2.x/apps/SensorRouterApp.The result is shown in figure 4
- Type motelist to ensure that the application sees the node.
The application comfirms that the mote is connected by
displaying the mote name.All the previous files are placed on
same folder C:drivein the system with a working TinyOS 2.x
environment. Afterwards, on an opend console in a folder
location, type maketelosb.This generates the compiled files.
- Assignthechoosen id ( 192.168.10.100, 192.168.10.200,
192.168.10.300, 192.168.10.400)by typing the following
commandmake telosb install, 192.168.10.100, and click enter,
the screen as in figure 5 will be shown.
- The process is carried out in Step 2 for other nodes, while
noting that the Sink node (base station) must have a different
id from other nodes which is 192.168.10.400,in this
experiment.

Figure 4. Change directory to SensorRouterApp window with Node configuration
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Figure 5. ID assignment window

Mode 2-Running the Sensor App User interface to be able
to see the values
4.5. Data Collection Strategy
In the production testbed the Received Signal Strength
Indicator (RSSI) in dBm, the Average Latency, Humidity,
Temperature, Data rate, Packet loss ratio, temperature in oC,
the humidity in RH, light intensity, Link Quality Indication
(LQI) value and the frame size of the data were measured
against the distance in meters. In the outdoor setup, a
distance variation of 10m to 70mat the interval of10m was
used. Although the range of the TelosB node from their data

sheet is 75-100m outdoor, at 70m the signal is no longer
strong. This may be due to signal interferences in the pipe
layout. Inthe indoor environment 5m up to 2m at the interval
of 2meters was used.
The stated indoor range of TelosB node is 20m – 30m. The
data sent to the sink in the two occasions at different
distances were recorded and saved after 2 minutes and above.
Data are sent every 5seconds and all the data history are kept
unless cleared. The nodes are made to send data every 5
seconds, and are left for 2 minute and above so as to gather
enough data to be averaged.

Figure 6. Tiny OS TelosB Monitoring Application Interface (API)
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The data are recorded in excel format. The data received
were averaged and tabulated. The averaged data is used in
data analysis. The raw data received were presented in tables
from figure 6. The Raw data received at a certain distance
for2 minutes which is up to 20 different data in several
occasions were summed and averaged. Since Signal Strength
is affected by weather, different weather conditions were
considered such as windy days, bright sunny days and rainy

days.

5. Results and Analysis
The average of the data against each distance and the
sensor nodes IDs of the production testbeds were presented
in table 1A, B, and C.

Table 1A. Congestion Control Avg. Data on Node A

192.168.10.100

Distance
(m)

Node ID

Voltage
(V)

Temp(oc) Light

Humidity
(RH)

RSSI
(dBm)

LQI

Time
(min)

10
15
20
25
30
35
40
45
50
55
60
65
70

192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100
192.168.10.100

2.781
2.779
2.777
2.775
2.772
2.771
2.77
2.764
2.763
2.762
2.761
2.756
2.752

31.12
31.38
31.64
31.9
32.16
32.42
32.68
32.94
33.2
33.46
33.72
33.98
34.24

63.29
63.06
62.83
62.6
62.37
62.14
61.91
61.68
61.45
61.22
60.99
60.76
60.53

-45.7
-63.4
-65.1
-80.4
-80.3
-75.6
-80.5
-85.7
-70.8
-80.3
-85.7
-75.8
-90.2

107.7
107.2
106.8
100.6
106.9
106.8
106.5
100.1
107.2
105.8
105.5
106.7
75.8

2
4
6
8
10
12
14
16
18
20
22
24
26

1343.6
1342.2
1340.8
1339.4
1338
1336.6
1335.2
1333.8
1332.4
1331
1329.6
1328.2
1326.8

Table 1B. Congestion Control Avg. Data on Node B

Distance Node ID
10
15
20
25
30
35
40
45
50
55
60
65
70

192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200
192.168.10.1.200

Battery
voltage of
NA
2.781
2.779
2.777
2.775
2.773
2.771
2.769
2.767
2.765
2.763
2.761
2.759
2.757

Battery
voltage
of NB
2.722
2.72
2.718
2.716
2.714
2.712
2.71
2.708
2.706
2.704
2.702
2.7
2.698

Battery
voltage
of NC
2.813
2.81
2.807
2.804
2.801
2.798
2.795
2.792
2.789
2.786
2.783
2.78
2.777

Ave. Battery
voltage of the
N
2.772
2.77
2.768
2.766
2.764
2.762
2.76
2.758
2.756
2.754
2.752
2.75
2.748

192.168.10.200

Ave.
Temp
Humidity
Battery Battery Battery
Light
Time
Battery
Queue Delays(Secs)
Queue
RSSIQueue(dBm) LQIQueue
voltage voltage voltage
Queue
(min)
voltage
(oc)
(RH)
of NA of NB of NC
of the N
30.845 6.37E-05
1334.3 68.26
-46
107.3
2
2.781
2.722
2.813
2.772
30.451 0.0000576
1347.8 70.27
-64.1
107.5
4
2.779
2.72
2.81
2.77
30.055 0.0000576
1361.3 72.28
-69.6
107.7
6
2.777
2.718
2.807
2.768
29.66 0.0180472
1374.8 74.29
-75.9
107.9
8
2.775
2.716
2.804
2.766
29.265 0.0000576
1388.3 76.3
-77.7
108.1
10
2.773
2.714
2.801
2.764
28.87 0.0000576
1401.8 78.31
-88.5
108.3
12
2.771
2.712
2.798
2.762
28.475 0.0002415
1415.3 80.32
-88.5
108.5
14
2.769
2.71
2.795
2.76
28.08 5.80E-05
1428.8 82.33
-89.2
108.7
16
2.767
2.708
2.792
2.758
27.685 0.0000576
1442.3 84.34
-88.2
108.9
18
2.765
2.706
2.789
2.756
27.29 5.80E-05
1455.8 86.35
-91.8
109.1
20
2.763
2.704
2.786
2.754
26.895 0.0000576
1469.3 88.36
-91.8
109.3
22
2.761
2.702
2.783
2.752
26.59 0.0000576
1482.8 90.37
-88.8
109.5
24
2.759
2.7
2.78
2.75
26.105 0.0000576
1496.3 92.38
-92.43
109.7
26
2.757
2.698
2.777
2.748
Table 1C. Congestion Control Avg. Data on Node C

192.168.10.300

Distance Latency

Node ID

Temp
Voltage
Queue
(v)
(oc)

Humidity RSSI
Battery
Light
LQI
Time
Queue
Queue
voltage
Queue
Queue (min)
(RH)
(dBm)
of NA

Battery Battery
voltage voltage
of NB of NC

10
15
20
25
30
35
40
45
50
55
60
65
70

192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300
192.168.10.1.300

2.813
2.81
2.807
2.805
2.802
2.801
2.798
2.793
2.793
2.792
2.789
2.783
2.78

1353.7
1356.1
1358.5
1360.9
1363.3
1365.7
1368.1
1370.5
1372.9
1375.3
1377.7
1380.1
1382.5

2.722
2.72
2.718
2.716
2.714
2.712
2.71
2.708
2.706
2.704
2.702
2.7
2.698

6.37E-05
0.0000576
0.0000576
0.0180472
0.0000576
0.0000576
0.0002415
5.80E-05
0.0000576
5.80E-05
0.0000576
0.0000576
0.0000576

31.15
30.74
30.33
29.92
29.51
29.1
28.69
28.28
27.87
27.46
27.05
26.64
26.23

63.34
64.86
66.38
67.9
69.42
70.94
72.46
73.98
75.5
77.02
78.54
80.06
81.58

-44.8
-62.3
-65.8
-74.7
-81.9
-81.3
-89.5
-84.7
-86.3
-85.5
-92.2
-89.3
-92.3

107.6
106.9
106.2
105.5
104.8
104.1
103.4
102.7
102
101.3
100.6
99.9
99.2

2
4
6
8
10
12
14
16
18
20
22
24
26

2.781
2.779
2.777
2.775
2.773
2.771
2.769
2.767
2.765
2.763
2.761
2.759
2.757

2.813
2.81
2.807
2.804
2.801
2.798
2.795
2.792
2.789
2.786
2.783
2.78
2.777

Ave.
Battery
voltage
of the N
2.772
2.77
2.768
2.766
2.764
2.762
2.76
2.758
2.756
2.754
2.752
2.75
2.748
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In order to extract useful information from the raw
measurement data, data processing is necessary. Different
mathematical models were used to analyze the data obtained
from figure 6. Figures 7 to 11 shows the congestion influence
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on the three nodes at varying distances using RF-EDCA
scheme. In all cases the LQI demonstrates a higher traffic
distribution threshold amongst the other physical parameters
captured.

Figure 7. Traffic Distribution on Control Rate Regulation for Node A

Figure 8. Traffic Distribution onControl Rate Regulation for Node B

Figure 9. Traffic Distribution on Control Rate Regulation for Node C
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Figure 10 demonstrates and shows that the energy life of
the node drains out as the distances increases for packet
transmission. As shown, the power drops each time the
distance taken far away from the sink while transmitting
packets using RF-EDCA scheme.

Figure 11. Effect Of FSTP Varionson Delay Timestamp

6. Conclusion
Figure 10. A Plot of Energy Effect

In the RF-EDCA, we introduced the FTSP which makes
use of broadcast packets rather than the two packet exchange
used by other protocols. Table 2 shows the FTSP variations
in WSNs. For the three sensor nodes, the FTSP uses MAC
layer timestamps to reduce the inaccuracies introduced by the
transmission delays as shown in figure 11. However, the last
node has the best fit in FTSP since this is the node closest to
the sink. This can be used to ascertain the head cluster at any
count rate. This work observes that FTSP for node C has the
best accuracy and suitability to be used as a CH even in
production deployment.
Table 2. FTSP variations in WSNs

Traffic congestion in a wireless sensor network affects
energy conservation, traffic distribution and even quality of
service metrics. This work opines that since the sensed data
which flows through the wireless sensor network has great
impact on the link load, handling this data against possible
congestion effects, traffic reliability, and loss recovery is a
very challenging task. As such, this work proposes a
congestion management scheme that will detect and
overcome the congestion prior to its instantaneous
occurrence called proposed RF-EDCAS. The main feature of
proposed algorithm is predictive early detection of the
congestion pre-occurrence, control optimization and buffer
scheduling.
To address these shortcomings of existing congestion
schemes, a rate based hop-by-hop cross layer congestion
control scheme, (RF-EDCAS), is proposed in this paper. It
shares the MAC layer channel information with transport
layer and controls network congestion by adjusting data
transmission rate and channel access priority. This will be
characterized with Telos B wireless sensor nodes. The
experimental testbed demonstrates that with good traffic
regulation, the various physical traffic parameters of a
multifunctional sensor node-Telosb C2420 can be adequately
captured reliably. Traffic Distribution on the sensor nodes,
energy effects,FSTP variations on delay timestamp were
obtained in the study.The influence of congestion using RFEDCA scheme as an efficient algorithm for predictive
congestion detection has been achieved. Experimentally, this
research develops and characterizes a test-bed environment
where parameters that indicate the condition of a pipeline
such as temperature and humidity in addition to network
parameters such as link quality index, received signal
strength and device count rate are captured with the aid of a
low-cost CC2420 RF transceiver (sensor node).
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