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Abstract: The heterogeneous traffic categorization
is the critical challenge in wireless sensor networks.
Therefore, this paper presents the beacon enabled-
slotted CSMA/CA with priority approach for
delivering the significant data first over the regular
traffic. The priority metric is designed to assign the
weight factor dynamically for delivering the
required data packets at the earliest. It includes
delay and priority information for computation of
node priority weight and evaluated over the star
topology. It is observed that it shows 6% improved
performance from the prioritized data frame
transmission perspective. The presented work is
simulated in ns2 and examined over the various
scenarios to validate the performance of the priority
approach using CSMA/CA IEEE 802.15.4 wireless
sensor networks.
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I. INTRODUCTION

The emergency or critical applications have
gained the attention of more active researchers in the
field of low rate wireless sensor networks [1].
Nowadays the wireless sensor network is being used
for various purposes where the data rate requirement
is low, particularly in the medical field, industrial
automation, residential projects, and tracking systems
and much more [2]. To address such variety of
applications, the IEEE 802.15.4 standard has
developed CSMA/CA MAC and PHY layer
especially for 250kbps data rate requirement
applications [3]. The MAC presents two protocols,
namely, beacon enabled slotted-CSMA/CA protocol
and beaconless CSMAJ/CA protocol. For the delay
sensitive applications, delivering the data in time is a
non-trivial task. Such time bounded applications; a
slotted CSMA/CA with GTSs (Guaranteed Time
Slot) allocation plays a significant job to reduce the
delay. Therefore, the scope of the paper focuses on
slotted CSMAJ/CA mechanisms to achieve the
reliable data delivery of sensitive traffic generating
nodes. The slotted CSMA/CA gives the guarantee of
the highest level of data delivery by allocating
dedicated slots for such critical traffic originating
nodes. However, there is various existing beacon

enabled MAC layer protocols have been developed
such as S-MAC [4], T-MAC [5] and Wise-MAC [6].
However, non-beacon enabled X-MAC [1-11] and B-
MAC [7] wuses the asynchronous type of
communication. A beacon enabled network uses the
synchronous type of communication for effective use
of duty cycle mechanism. This is useful for better
power utilization [8]-[11].

The purpose of choosing the beacon enabled
mode is to save the energy efficiently for low rate
data transmission. The Sensor-MAC follows the
periodic duty cycle to synchronize the active nodes.
It uses the RTC/CTC mechanism to minimize the
burden and reduce the congestion level. The timeout-
MAC offers the dynamic duty cycle approach to
reduce the listening time of traffic into the network.
Nevertheless, the fixed duty cycle mechanism suffers
from the high delay experience but due to dynamism
in duty cycle control operations, it automatically
switches from active to passive state when there is no
load in the network.

Il. RELATED WORK

This section presents the existing reference work
related to slotted-CSMA/CA protocols for the low
rate IEEE 802.15.4 sensor networks. In [12], the
delay analysis model is presented using CAP and
CFP period effectively over the multi-hop and star
topology. The model is designed to develop the
MAC parameters to select the appropriate topology.
The precedence control scheme [13] is designed and
developed for prioritizing the information over the
multi-hop topology. The cluster topology based
Multichannel ~ Superframe  Scheduling (MSS)
approach of the beacon interval (BI) and superframe
distribution (SD) is presented in [14] for an
industrial wireless sensor network (IWSN). It
comprises cluster division; first-time slice based
scheduling, time slice boundary computation, and
programming in cluster st,.

The flow balanced scheduling using GTS TDMA
mechanism designed to address the problem of rate
differentiation for the class of traffics in [15]. The
variable transmission rate is configured based on the
time bound and event criticalness. The weighted tree
is designed and specific interval allocation is
presented for relay nodes. The metric is presented to
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compute the number of SD requirements to each
node. In [16], DRX and FDRX methods are
proposed to address the delay sensitive applications.
While handling the fairness index is also taken into
account in the FDRX method. It operates with basic
MAC operations. The FDRX method does not allow
all the time to dominate nodes to gain the channel
access. Furthermore, if any node is found that its
delay is being exceeded then such nodes are handled
at priority level by checking the threshold value. The
comparative performance analysis [18] describes the
QoS parameter performance insights. The [17]
protocol shows the priority approach for reliable
data transmission.

I11. ASLOTTED CSMA/CA PRIORITY APPROACH

The proposed approach delivers data packets
reliably over the multi-hop network. The objective is
to deliver the long distance traffic first. The
superframe consists of three parts, namely CAP,
CFP, and an inactive period. The superframe starts
with a beacon signal and immediately CAP period
activates for source nodes to send their data packets.
The nodes contend for media access and whoever
gets the channel by performing two times CCA
symbols by PHY layer then such node is allowed to
deliver their sensed traffic first.

In this protocol, it is assumed that the nodes who
deliver the data in CAP window are having less
priority weight as compared to other nodes. As soon
as its window time expires the CFP period starts.
Here, nodes with high priority weight do not have to
contend for the channel access. They are already
defined with slot by the base station. According to
their slot, they need to send the data into this time
frame window. The slot is called as guaranteed time
slot (GTS). After completion of CFP period of one
superframe structure, all nodes immediately switches
in sleep mode as inactive period starts. There are total
16 slots out of 7 slots are used for the CFP and 9 slots
are used CAP window. The total duration is 960
symbols (one symbol=4bits) is defined by the IEEE
802.15.4 standard (which indicates 15.36ms in the
case of 250kbps, 2GHz band) [19]. The length of the
superframe is defined in equation (1).

SD=aBaseSD x 2M#50
For
0<macSO <macBO<14. Q)

The mathematical term description is shown in
table 1.

macSO macsuperframeQOrder
macBO macsuperframeBeaconOrder
aBaseS aBaseSuperframeDuration
h, hop count

Table 1
Mathematical term description
Term Definition
Pt Priority weight (initial-1,0)
d delay(seconds)
a Tuning parameter (0.03)

The priority first approach of slotted CSMA/CA
presents the data frame transmission based on the
priority information of each contributing node. The
star topology is used for proposed protocol
implementation for low rate IEEE 802.15.4
networks, as shown in figure 1.
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Fig.1. Star topology view of Prioritized slotted CSMA/CA for
IEEE 802.15.4 networks

In the initialization phase, every node provides
the information to the sink node in order to compute
the priority weight. The sink node checks the
priority bit and network delay. Whichever node
reports the more delay gets the highest priority into
the network. The metric calculates the priority
weight to each active node of the network. The
priority weight is computed as expressed in equation
2.

Pwt (Si) = Pwt + hcda (2)

The sink node assigns the 7 GTS slots
(Guaranteed Time Slots) to those nodes whose
priority weights are higher among the all reported
nodes to the sink node. These slots are sequential as
per time frame of CFP window. The first time slot
gets assigned to the highest priority weight node;
next slot gained the access by the next high priority
weight node and so on till seven slots are over.
However, the nodes those who do not get the time
slot of CFP window they automatically go into CAP
window for contending the channel access. The sink
initially broadcasts the beacon signal to all one hop
source nodes.

Afterward, the nodes who do not receive the time
slot they try to gain the channel access when CAP
time frame is commenced. Here, total 9 slots are
available to all source nodes that have already
reported to the sink node and are synchronized with
it. Every node fights for channel according to their
backoff timer. For example, the backoff period of a
particular node is expired then it immediately
performs the two-time CCA (Clear Channel
Assessment) method by PHY layer with default
option in order to gain the channel access for actual
data frame transmission. Once it finds channel
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immediately take a hold and start transmitting the
data frames.

The CFP window is commenced just after the
CAP window. In particular, each slot is dedicatedly
assigned to each node prior and to this activation
their backoff windows have synchronised the start of
time slots. In seven slots seven nodes are allowed to
deliver the data packets. After expiry of CFP
window, the inactive frame window gets activated
and all source nodes go to the sleep state for a while.
The purpose is to clear all control overheads in order
to avoid the collisions in subsequent superframe.

Algorithm 1: A Priority First Approach for Slotted
CSMAI/CA

continues until complete transmission of data frames
of active nodes. The behavioural view of the
proposed priority approach is depicted in figure 2.

IVV. PERFORMANCE ANALYSIS

The priority-based approach is simulated in ns2
discrete event simulator. The results are validated by
performing various scenarios with different
simulation time in order to prove the correctness of
the results. Therefore, the reported work in the
article is the average of five experiments in the same
setup.

Input: s;
Output: priority-based data transmission
Prerequisites: Star topology formation, Priority

Assignment
Slot allocation phase
Begin
1. Send_beacon (s;);
2. Sejoin(sy);
3. Compute_priority(info);
4. if (s; €sp)do
5. sp < GTS slot; //CFP window slots
6. else
7. spp contends for media access
8. Broadcast(t,);
9. Transmit(ds);
END

Table 2
Network Simulation Setup
Attributes Values

Sensing field area 500x500m?
No. of source nodes 101
Simulation Time (sec) 75,100,125,150,175,200
Transmission range 30m
IF Queue Length 50
Packet size 30byte
Transmit Power 0.660w
Receive power 0.395w
Initial Energy 100J

The step by step operational flow is described in

algorithm 1.
el == =1 E]
Node
sd [Slot==available] ]
|

1: Broadcast_intarest

1.1: sends(prioitylnfo)

3: Compule_priority()
broadcast_slollnfof)
|
6: beacon_Signal() i
|

|
|
sdsbt==stats ]

5: dataFrameTransmi

7. InacliveStata

b} Part-I: Behavioral view ;

a) Part-I Behavioral view

Fig. 2: The packet delivery ratio comparison
The sink node sends the beacon signal to all source
nodes that are in the radio range. Every node has to
report their priority type information and network
delay. The priority metric is used to those source
nodes that have declared as delay sensitive
information nodes. Therefore, based on the network
delay and priority bit (i.e. 1) are used for
computation of their weight so that they will get an
earlier chance even among the number of high
priority nodes in the particular region. Furthermore,
GTS slots are assigned to first seven nodes when the
first beacon is transmitted to all nodes. This process

The illustration of the priority metric is described
in table 2 according to equation (2). The metric is
used for the assignment of the node priority. This
study focuses only the node level priority instead of
data packet priority. The initial bit of high priority is
1 whereas low priority denotes 0. However table 2
shows the generic illustration over multi-hop
topology but as far as star topology is considered
then only one would be taken into the consideration.

Table 2
Illustration of priority weight
High Priority Low Priority
Pwe =1+5%0.013%03 = Pwe =0+ 5%0.013%%3 =
5.389 4389
Dwe = 5.389 + 4% 0.017°% | p,,
=8.929 = 4389 + 4 % 0.017°03
=7.929
Dwe = 8.929 + 3 * 0.021°03 Do
=11.6 | =7.929 +3%0.02100
=10.6
Dwe = 11.6 + 2 % 0.025%03 Do
=13.39 =11.6 + 2 % 0.025%%
=1239
Dwe = 1339 + 1% 0.028°% | p,,
= 14.289 =12.39 + 1% 0.028%%
= 13.289

The network performance parameters, namely
packet delivery ratio, delay, throughput, jitter, and
energy consumption is presented in this paper. The
analysis depicts the results of priority nodes over no-
priority performance perspective instead of overall.

1) Packet Delivery Ratio (PDR)
Fig. 3 shows 6% to 8% variation in terms of packet
delivery ratio of the priority-based CSMA/CA
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protocol against the standard CSMA/CA protocol.
Furthermore, the priority based protocol illustrates
the PDR approximately 86% whereas CSMA/CA
shows approximately 81%. The packet loss ratio has
been decreased due to consideration of delay and
priority factor while delivering the delay sensitive
data first into a star based sensor topology.
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Fig 3: The packet delivery ratio comparison

2) Delay study

Fig.4 illustrates the comparison in-between the
priority based approach against the traditional
communication mechanism of CSMA/CA protocol.
The 3% to 7% variation is noted with the standard
protocol. This significant improvement is achieved
due to prioritization of delivery of different traffics
by the different source nodes.
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Fig 4: The delay comparison over different times

3) Jitter Analysis

Fig. 5 shows the variation in delay i.e. jitter
analysis. The 6% to 8% change is observed during
experimentation at different times. The presented
each point in the graph is the average of five
experimentations over the same setup. Though it is
reasonable small but from delay sensitive application
point of view, this is also measurable. Hence, shows
improvement in reduction in delay as well.
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Fig 5: The jitter comparison over varied times

4) Goodput Comparison
Fig. 6 explains the actual data frame performance
over the standard protocol for sensor networks.
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Fig 6: The Goodput comparison over varied times
The 6% average performance is noted down against
the standard protocol. It proves that the priority
metric increases the delivery ratio to the greater
extent and due to that the performance of the
network is improved significantly.

5) Average Overheads per Nodes

Fig. 7 describes the number of control packets
taken for setting up the proposed approach. The
simulation time is indirectly proportional to the
number of overheads per node. On an average, both
protocols require the approximately 3 control
packets.
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Fig 7: The jitter comparison over varied times

6) Energy Consumption Evaluation

Fig.8 illustrates the energy consumption 23%
average improvement with the traditional
CSMAJ/CA protocol for specific priority approach

ISSN: 2231-2803

http://www.ijcttjournal.org

Page 36




International Journal of Computer Trends and Technology (IJCTT) — Volume 44 Issue 1- February 2017

perspective for the said topology.
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Fig 8: The jitter comparison over varied times

Furthermore, it gives the first preference to
priority node instead no-priority nodes. This is the
significant improvement has been noted.

V. CONCLUDING REMARKS

This paper presents the performance analysis of
priority-based CSMAJ/CA protocol over the
traditional CSMAJ/CA. The network performance
parameters such as goodput, packet delivery ration,
network delay, overheads, and energy consumption
are examined. The priority approach shows around
6% improved performance over the traditional
protocol. The delay and priority information are used
for node prioritization which plays a non-trivial job
for delivering the data frames in time. However, it is
also observed that the long distance traffic get the
channel access earlier over short distance traffic.
Thus the packet delivery ratio is improved
approximately 6%. This reported work would be
useful for delay sensitive sensor application.

ACKNOWLEDGMENT

We wish to thank everyone who has given
directly or indirectly valuable suggestions for
enhancing this reported work.

REFERENCES

[1] s. Mishra, S. Sarkar, “Priority-Based Time-Slot Allocation
in Wireless Body Area Networks During Medical
Emergency Situations: An Evolutionary Game Theoretic
Perspective”, IEEE Journal of Biomedical and Health
Informatics, 2013, 1-8.

[2] T. Kuroda, H. Sasaki, T. Suenaga, Y. Masuda, Y.
Yasumuro, K. Hori, N. Ohboshi, T. Takemura, K. Chihara,
and H. Yoshihara, “Embedded Ubiquitous Services on
Hospital Information Systems,” IEEE Trans on
Information Technology in Biomedicine, vol. 16, pp.
1216-1223, 2012.

[3] |IEEE Standard 802.15.4. IEEE Standard 802.15.4:
Wireless Medium Access Control (MAC) and Physical
Layer (PHY) Specifications for Low-Rate Wireless
Personal Area networks (WPANS). Available :http
//standards.ieee.org/getieee802/download/802.15.4-
2006.pdf.

[4] W. Ye, J. Heidemann, and D. Estrin, "An energy-efficient
MAC protocol for wireless sensor networks." Twenty-First

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[29]

Annual Joint Conference of the IEEE Computer and
Communications Societies. Proceedings. IEEE " pp. 1567-
1576, 2002.

T. Van Dam, and K. Langendoen, "An adaptive energy-
efficient MAC protocol for wireless sensor networks."
Proceedings of the 1% international conference on
Embedded networked sensor systems, ACM pp. 171-180.

A. El-Hoiydi, and J.-D. Decotignie, “Low power downlink
MAC protocols for infrastructure wireless sensor
networks,” Mobile Networks and Applications, vol. 10, no.
5, pp. 675-690, 2005.

J. Polastre, J. Hill, and D. Culler, "Versatile low power
media access for wireless sensor networks." Proceedings of
the 2nd international conference on Embedded networked
sensor systems, ACM, pp. 95-107, 2004.

K. M. Thotahewa, J. Y. Khan, and M. R. Yuce, “Power
efficient ultra wide band based wireless body area
networks with narrowband feedback path,” IEEE
Transactions on Mobile Computing, vol. 13, no. 8, pp.
1829-1842, 2014.

G. Tartarisco, et al., “Personal Health System architecture
for stress monitoring and support to clinical decisions,”
Computer Communications, vol. 35, no. 11, pp. 1296-1305,
2012.

R. Mumford, "Enhanced wireless technology for body
implants and sensors," HORIZON HOUSE
PUBLICATIONS INC 685 CANTON ST, NORWOOD,
MA 02062 USA, 2013.

K. A. Al-Saud, M. Mahmuddin, and A. Mohamed,
“Wireless body area sensor networks signal processing and
communication  framework:  survey on  sensing,
communication technologies, delivery and feedback,”
Journal of Computer Science 8 (1): 121-132 2012.

C. Buratti, “Performance Analysis of IEEE 802.15.4
Beacon-Enabled Mode, IEEE TRANSACTIONS ON
VEHICULAR TECHNOLOGY”, VOL. 59, NO. 4, MAY
2010, 2031-2045.

Sambhaji, S. and Jagdish, B. 2015, January. Precedence
Control Scheme for WSNs. 2015 IEEE conference on
Pervasive Computing (ICPC).

Emanuele Toscano and Lucia Lo Bello, “Multichannel
Superframe Scheduling for IEEE 802.15.4 Industrial
Wireless Sensor Networks”, leee Transactions On
Industrial Informatics, Vol. 8, No. 2, May 2012, pages:
337-350.

M. Takaffoli, E. EImallah, W. Moussa, “Scheduled Access
Using the IEEE 802.15.4 Guaranteed Time Slots”, IEEE
ICC 2010 proceedings

Irfan Al-Anbagi et al, “Priority- and Delay-Aware
Medium Access for Wireless Sensor Networks in the Smart
Grid”, IEEE SYSTEMS JOURNAL, and Jan 23, 2013,
pages:1-11.

Sambhaji Sarode, Jagdish Bakal, L.G.Malik, “Reliable and
Prioritized Data Transmission Protocol for Wireless Sensor
Networks”, Proceedings of the International Congress on
Information and Communication Technology, Volume 439
of the series Advances in Intelligent Systems and
Computing pp 535-544, June 2016.

Sambhaji Sarode, Jagdish Bakal, “Performance Analysis of
QoS parameters Constrained based WSNs”, IEEE
International Advance Computing Conference (IACC)
2015, P-877-882, June 2015.

M. Khanafer, M. Guennoun, and H. T. Mouftah, “A survey
of beaconenabled IEEE 802.15. 4 MAC protocols in
wireless sensor networks,” IEEE Communications Surveys
& Tutorials, vol. 16, no. 2, pp. 856- 876, 2014.

ISSN: 2231-2803

http://www.ijcttjournal.org

Page 37




International Journal of Computer Trends and Technology (IJCTT) — Volume 44 Issue 1- February 2017

Sambhaji Sarode received BE
and ME in information
Technology from the SPPU
university Pune in 2005 and
2010, respectively. Currently,
he is working as an assistant
professor with the Department
of Computer Engineering, MIT
College of Engineering Pune
since Jan 2006. He is having
11+ years of experience.

He is currently working towards PhD degree in Computer
Science and Engineering; RTM Nagpur University under the
supervision of Prof. Dr. J. W. Bakal. His research interest
includes reliability approaches in wireless sensor networks,
Cognitive security and internet of Things. He has completed
one research funded project and one funded workshop. He has
delivered many expert sessions in STTP programs and
workshops such as “Use of Modeling in Network” in TEQIP-II
STTP development program, “loT: Sensor Network™ in TEQIP-
Il STTP development program I, etc. He has published many
papers in international conferences and journals like IEEE
conference, Springer Conferences, Elsevier, etc. Also, He has
published two books namely Wireless Sensor Network and
Object Oriented Design and Modeling.

Dr. J. W. Bakal received M.
Tech. (EDT), from Dr.
Babasaheb Ambedkar
Marathwada University,
Aurangabad. Later, He
completed his Ph.D. in the field
of Computer Engineering from
Bharati Vidyapeeth University,
Pune. He is presently working
as Principal at the S.S.

Jondhale College of Engineering, Dombivali (East) Thane,
India. In University of Mumbai, he was on honorary
assignment as a chairman, board of studies in Information
Technology and Computer Engineering. He is also associated
as chairman or member with Govt. committees, University
faculty interview committees, for interviews, LIC or various
approval works of institutes. He has more than 27 years of
academics experience including HOD, Director in earlier
Engineering Colleges in India. His research interests are
Telecomm Networking, Mobile Computing, Information
Security, Sensor Networks and Soft Computing. He has
publications in journals, conference proceedings in his credit.
During his academic tenure, he has attended, organized and
conducted training programs in Computer, Electronics &
Telecomm branches. He is a Professional member of IEEE. He
is also a life member of professional societies such as IETE,
ISTE INDIA, CSI INDIA. He has prominently contributed in
the governing council of IETE, New Delhi INDIA.

ISSN: 2231-2803 http://www.ijcttjournal.org

Page 38



