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Abstract— In this paper, we propose a MAC protocol that provides energy efficiency and QoS for wireless sensor networks. Because it
does not classify the data according to the characteristics, traditional MAC protocols for Wireless Sensor Networks cannot provide
service differentiations for different traffic classes. For the purpose of QoS support, the input data to the node is divided into priority
classes according to the transmission emergency. Depending on the urgency of the data, the protocol can provide time slots for nodes
and take different contention window sizes for different traffic classes. Nodes use the reinforcement learning-based control mechanism
to actively infer the status of other nodes to classify effectively under various kinds of traffic conditions. The proposed protocol can
meet the QoS requirements of delay-sensitive applications and can effectively deal with the problem of a multi-channel hidden terminal
with the use of multi-queue. For the next purpose, the proposed protocol is energy efficient because it is based on sleep mode. To improve
the energy efficiency, each node has a short non-overlapping listening interval, saving energy in idle listening intervals. This is one of
the ways to efficiently use the energy of a node to extend the life of the entire network. This achieves low power consumption by
increasing the throughput of data processed across the network and enabling efficient transmission. The classified data can be further
improved by rearranging the data according to the nature of the transmitted data in the queue.
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other wireless networks, however, efficient energy use of each
I. INTRODUCTION sensor node is required to extend the overall network life of a
battery-powered wireless sensor network [7], [8].

Wireless Sensor Networks are widely applied in various
fields such as environmental monitoring, natural disaster

management, management in logistics, home network b o
management, animal management in the farm, object r—— o
tracking, telematics in the transportation, and hospital patient @ W Yx s
management in the medical field. Since the data collected R
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during environmental monitoring is collected for various
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purposes, quality assurance of emergency is an important mm 4 | &}
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consideration [1]-[3]. Also, the energy efficiency of a battery- .

operated sensor affects the life of the entire network, so it - (((0))) N //
must be considered [4] [3] [5]. Figure 1. shows the application P e 2 ——
fields of the wireless sensor network. Recently, wireless /Y ” /\ ;
networks are increasingly used in logistics and telematics. 4N/ H\ H

An important role of Wireless Sensor Networks in these 0o | [0 1 it %
applications is to monitor the target area [6] and deliver data s / X .o
collected from each sensor node [5]. Typically, Wireless '\ ‘L
Sensor Networks consist of many sensor nodes that make up e
their multi-hop wireless network. Each sensor node
communicates with the other using a low power signal. Unlike Fig. 1 Various fields of Wireless Sensor Networks
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Idle listening of sensor nodes is a waste of energy.
Therefore, several studies have been proposed to prevent
energy consumption by reducing idle listening. Some studies
have been conducted on how to save energy by allowing
sensor nodes to turn off their radio periodically and stay in
sleep whenever possible [8], [9]. Most of these findings have
the effect of saving energy by increasing the listening interval
and the sleep interval as much as possible but increasing the
delay of the transmitted data [1], [9]. Because the existing
MAC protocol was interested in only saving transmission
energy, the algorithm considering the redundancy packet and
priority of data took over the role by adjusting the contention
window size, which has a small processing level or limits the
transmission time [4], [6]. The proposed Mac protocol
classifies the transmitted data through reinforcement learning
at the node and loads multiple queues [6], [10], [11]. If nodes
have the same data contents or destination, the transmission
priority is made very low to increase transmission efficiency
[12]-[14]. In this way, the total traffic can be efficiently
operated to extend network life [4]. It is expected that the
operation of the entire network will run smoothly by reducing
the load on the sink node for energy efficiency and data
processing only by efficient operation of transmitted data
[11], [15].

An important issue to be addressed in Wireless Sensor
Networks is the support of Quality of Service (QoS). The data
response priority of the wireless sensor network can be
classified into high priority data and non-high priority data,
and normal data that is not a high priority is a large amount of
data [14], [16], [17]. Bring for this reason. We propose
protocols to meet the requirements of both aspects
simultaneously. Priority transmission of data generated in
real-time and smooth transmission of large-capacity data
without priorities can be performed simultaneously to
improve the quality of Wireless Sensor Networks to improve
the QoS of wireless networks [12], [18], [19].

The proposed MAC is energy efficient and QoS supported
multi-layer QAML-MAC (QoS Aware Multi-layer MAC)
protocol. The proposed MAC protocol has the advantage of
reducing the delay, which is a problem of the previously
proposed protocol, and transmitting the high-priority data
quickly, thereby transmitting the emergency data first. In
addition, if priority data to be transmitted from each node does
not exist, multiple layers of idle listen are used to reduce
collisions in data transmission, thereby reducing energy
consumption in each node and further reducing overall
network life.

To this end, data input to the node is divided into priority
classes and stored according to transmission emergency. In
addition, the concept of cross-layer was introduced to
rearrange data destined for the same destination. The
proposed MAC protocol has the advantage of reducing the
delay, which is a problem of the previously proposed
protocol, and transmitting the high-priority data quickly,
thereby transmitting the emergency data first. Besides, if
priority data to be transmitted from each node does not exist,
multiple layers of idle listen are used to reduce collisions in
data transmission, thereby reducing energy consumption in
each node and further reducing overall network life.

Energy Consumption is the main research field for
Wireless Sensor Networks, so MAC protocols take up the
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requirements of related applications and consider the
network's energy consumption. SMAC [20] is the first MAC
protocol for energy-saving requirements of Wireless Sensor
Networks. By using the duty cycle mechanism, SMAC [20]
reduces idle listening, drops overhearing. Using control
packets data exchange mechanism guarantees data integrity
and reduces the latency of multi-hop transmission by using
adaptive listening.

Listen period Sleep period
SYNC Schedule
Q i Get CTS ’—’ Get ACE
NODE 1 \
SYNC RTS Data |
| |
‘ + en
NODE 2 1 Get SYNC Get RTS |12 Get Data
f I
Get SYNC Get RTS
NODE 3 {== e

Fig. 2 Data transmission process in SMAC

Fig.2 shows data transmission process in SMAC. When
node A has data to send, it sends a SYNC packet to the
neighboring node B and node C and sends a request-to-send
(RTS) packet to the recipient node B. Node B, which has
received the RTS packet, sends CTS in response, and then
receives data in the sleep section. However, node C continues
to sleep during the sleep period. Since nodes that do not
participate in data transmission stay in the sleep mode, energy
consumption caused by idle listening can be prevented.
However, the SMAC [20] protocol uses the above mechanism
to save energy, but it consumes more energy because it has a
fixed listen to section even when there is no data due to the
fixed listen and sleep intervals.
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Fig. 3 Data transmission process in TMAC
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In this way, the TMAC [8] protocol was proposed to save
energy by going to sleep mode when there is no data
transmission in the listen to section. However, both SMAC
and TMAC protocols have the advantage of efficiently using
energy but have a problem in that the delay in packet
transmission is increased. Besides, since the sender and
receiver can have different schedules and follow FIFO
scheduling, additional delays may occur [9].

The EQ-MAC proposed [10] supports QoS through
classifier MAC and channel access MAC that classify traffic
according to priority. The proposed EQ-MAC is a cluster-
based MAC protocol, and the decision of nodes to transmit is
contention-based. However, in the data transmission, the



cluster head uses a TDMA scheme in which the cluster head
allocates slots. However, since the EQ-MAC is basically
applicable only to the one-hop structure between the sensor
nodes and the head node, it is difficult to accurately apply to
actual Wireless Sensor Networks composed of multiple hops.

A protocol that integrates energy-efficient use and QoS
support, a problem in Wireless Sensor Networks, has been
proposed [12], [18], [19]. The system proposed [18] is an
integrated wireless transmission system that combines QoS
requirements from the application layer with modulation and
transmission schemes in the data link and physical layers. In
addition, the protocol proposed here is divided into intra-
cluster and inter-cluster on a cluster basis. The cluster head
thus forms a multi-hop backbone. However, there is a
problem that the performance affects a lot depending on the
values of the parameters used.

In addition, the Q-MAC structure proposed [12], [19]
supports QoS by differentiating network services based on
priorities. The difference in priority level here is determined
by reflecting the emergency of the data measured from
different sensor nodes. To this end, intra-node scheduling and
external inter-node scheduling are used. The use of the
priority buffer in this paper follows the method of intra node
scheduling of Q-MAC. The QAML-MAC proposed in this
paper is the same as the Q-MAC in that it transmits priority
according to the packet emergency. However, there is a
difference in that the transmission order is changed according
to the packet's destination. Different transmission schedules
have the advantage of reducing energy efficiency and delay.

II. MATERIALS AND METHOD

The proposed protocol can make differentiated
transmission by defining QoS priority according to the
transmission emergency of each data while extending the life
of the whole network with efficient use of energy. In addition,
multi-scheduling according to the distance between the Sink
node and the cross-layer method of separately storing and
transmitting the transmitted data packet to speed up the burst
traffic of data requires real-time transmission such as
multimedia traffic. Based on the requirements of network
applications, QAML-MAC determines the time slot's
proportions about different traffic classes.

QAML-MAC is a kind of QoS-Aware MAC protocol for
network applications with multi-traffic classes, using a
periodic wake-up mechanism. As shown in Fig. 4, MAC is
composed of SYNC phase, scheduling phase, and data phase.
In SYNC phase, by the exchange of the sync data packets, the
virtual cluster is formed. To avoid collisions in data
transmission, all nodes in the same virtual cluster need to
broadcast their own scheduling information regularly. In the
scheduling phase, the sender node and the receiver node are
required to complete the time slot scheduling by exchanging
the RTS/CTS control frame. At this phase, the number of
timeslots is set.

Data phase

|1

Data

Schedule

-

Fig. 4 Periodic wake-up mechanism of QAML -MAC

SYNC
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We propose an integrated MAC protocol combining the
methods. In the proposed QAML-MAC protocol, nodes have
a schedule for transmitting priority data and two transmission
schedules. Therefore, in QAML-MAC protocol, it is stored in
an independent queue according to the priority determined
according to the transmission emergency and has the
advantage of reducing the transmission delay by transmitting
data to the same destination at the time of storage. Besides,
the newly created data is first transmitted by occupying the
channel with CSMA method by increasing the priority, and
the general data near the Sink node is transmitted by the
TDMA method to increase the transmission efficiency.

A. QAML- MAC Protocol Transmission Mechanism

The QAML-MAC protocol proposed in this section is
competition-based and consists of the following two
elements. The first is to classify the priority classes of the data
and store them in the buffer of each class. In this case, the data
destined for the same destination is arranged adjacently using
the cross-layer concept. The second method is to allocate the
sensor nodes layered to not overlap by dividing the listen to
interval to reduce energy consumption in the listen to the
interval.

First, each sensor node classifies the received data and
stores them in each buffer. Figure 5. below shows the
mechanism for storing the data received from neighbor nodes
in separate buffers for each priority [6]. As shown in the
figure, packets received from neighboring nodes are stored in
the priority classifier, and the lower priority buffer in the
packet classifier according to the emergency of the packet and
are delivered to the next node in order.
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Fig. 5 Node separate buffers for each priority

To distinguish the data class, each sensor node prioritizes
its measured value or transmission urgency [6] of data
received from neighboring nodes. Transmission urgency L is
the packet urgency (Cc) based on the importance of the
application layer, transmission hops (Hc) indicating the
retransmission cost, residual energy (Ec), and queue's
proportional load. The relationship is as follows.

1 B, . B . B
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B. QAML- MAC Protocol Slot Scheduling Mechanism

The node can schedule by exchanging RTS/CTS control
frame in the scheduling phase. QAML MAC divides the all-
time slot phase into two parts. High priority data part and low
priority data part. High priority data part can use more priority



data part slots. Data slot's length is different, it depends on the
priority queue [2], [11], [19].

Data phase
Low/high ’ Low/high Low/high Low/high
Fig. 6 Case with more low priority Data
i
i
H Data phase
Low/high Low/high

Fig. 7 Case with more high priority Data

When duplicate data is detected, data is transmitted by
increasing the transmission cycle. By increasing the
transmission period of the data accumulated in the buffer, less
data is transmitted during the same time. In this way, the
network increases efficiency. Reinforcement learning
operations queue data collected from nodes. We use RL-MAC
operation that adjusts the length of the appropriate queue. The
packet has fields that provide information on the success or
failure of node node transmission to the header and uses them
to adjust the queue's length. In the RL-MAC, the length of the
queue is adjusted by referring to the successfully transmitted
packet and the packet number of failed transmission attempts
by the sender.

The priority of incoming Packets determined by the content
of the packet and traversed hop count. In this way, packets are
mapped into predefined different priority queues. Using the
MAX-MIN fairness algorithm [19], control the rate and
packetized for Intra node scheduling. To select the next
transmitted packet, Generalized Processor Sharing [11]
algorithm is used. For inter-node scheduling, a new method
called Loosely Prioritized Random Access (LPRA) is
proposed to adjust the media access order of nodes with
packets transmitted based on transmission urgency.

C. QoS Support in QAML-MAC Protocol

Depending on the destination of the node, the transmission
data order is changed to reduce the transmission energy of the
entire network. That is, the delay problem caused by FIFO
scheduling is solved by changing the transmission order
according to the destination of data transmitted from one
node. Each node creates a temporary buffer to reverse the
order of the data according to the destination and to send
packets destined for the same destination first [6], [19].

When data is collected from a node, data is classified using
the information in the header [12]. The information included
in the header is the location of data generation and a time
destination address. Using this information, the information
generated simultaneously at the same location is regarded as
duplicate data. Avoiding redundant data transmission can be
a good way to reduce data traffic. Besides, if data originating
from the same location has different destinations, the
transmission priority is high data. Among them, data is
allocated to the queue with the highest priority.

When classifying the node data in the RL-Classifier, the
priority is divided through reinforcement learning and stored
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in the queue [1]. Priority is given differently depending on the
urgency and traffic characteristics of the node [11], [16].
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Fig. 8 QAML-MAC Scheduling Inter node & Intra node

D. Energy Saving in QAML-MAC Protocol

The method of reducing the listen section to save energy of
the sensor node can extend the life of the entire network, but
it is not good method because it reduces the reliability of the
network due to data transmission failure. This is a good way
to increase network reliability and overall lifetime. It belongs
to multiple sections that do not overlap the listen section for
energy-efficient use [9], [18]. As shown in Fig.5, each node
has a short, non-overlapping listen interval, saving energy in
the idle listening interval. Therefore, as shown in Fig.3, each
node has a non-overlapping listen interval, thus saving energy
that can occur in the listen interval.

When there is no priority data to be transmitted in each
node, multiple layers are used for idle listen, thereby reducing
collisions in data transmission, and reducing energy
consumption at each node. The transmission of no priority
data is operated by applying a layered method to save energy.
By operating the layered active section instead of turning off
the radio of the sensor node, energy is saved and data to be
transmitted is not missed at the same time.

One fixed frame is divided into listen section and sleep
section. Listen section is to save energy, it operates in a multi-
layer so that the active state of the listen section does not
overlap, which has more energy-saving effect than having the
active state in the entire listen section. Since the proposed
protocol is designed to operate in muilti-hop, it is possible to
operate a layered method between listen sections with other
nodes. Fig.9 shows how to save energy with operating multi-
layer listen sections.

One Frame

Listen period Sleep period

Layer 1

Active

Layer 2

jActive

Layer 3

Wctive

Fig. 9 Save energy by layering listen to sections



E. Algorithm

QoS support of the QAML-MAC protocol is performed in
the following order.

» Each sensor node has a schedule with non-overlapping
listen to intervals and a schedule that all nodes have in
common, such as SMAC or TMAC protocols.

o When each node transmits data of a high priority buffer,
In the sync interval, all nodes have a common schedule.
All nodes with this schedule will synchronize to this
schedule. Thus, all nodes operate with the TMAC
protocol. In this case, however, each buffer is
rearranged, stored, and transmitted to the same
destination.

o When transmitting low-priority data from each node,
follow the schedule of multiple listen layers.

e Operates with CSMA or TDMA depending on the
value of the packet priority variable.

III. RESULT AND DISCUSSION

The performance of the proposed QAML-MAC protocol is
compared with that of the existing MAC. Since it has the same
listen-sleep structure as the existing MAC, it is mainly a
scheduling part of packet transmission in comparison to
delay. However, the QAML-MAC protocol extends the entire
network's lifetime by reducing energy consumption at each
node by supporting QoS in response to data transmission
urgency, using fewer listen to intervals, and reducing the
probability of collision. The parameters used in the networks
are shown in Table I. For the following performance
comparison, it is assumed that 30% of the total data
transmitted by each node has priority traffic, that is, real-time
traffic such as multimedia or abnormal data exceeding an
initially set threshold.

TABLEI
NETWORKING PARAMETERS FOR SIMULATION
PARAMETER DESCRIPTION VALUE
Duty Cycle 10
Data CW Maximum Window Size 63
Short CW Minimum Window Size 31
Pt Transmit Power Consumption 0.2818
Pr Receive Power Consumption 0.0.3682
Pidle Idle Power Consumption 0.3442
Psleep Sleep Power Consumption 0.00005
Pinit Initial Energy 1000
Average delay with priority data
20
18 <
16 A
E 14 S
K oS
& 10 . QAML-MAC
) S = ——S$-MAC
g \*\‘\ e ——Q-MAC

Mean Inter-arrival time(sec)

Fig. 10 Average delay with priority Data

As shown in Fig. 10, it can be seen that the QAML-MAC
protocol proposed in this paper has a low average delay for
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data with priority. Since the SMAC protocol basically does
not support priority, it represents the average delay of all
transmitted data.

Energy Consumption per node
900
800 ———————
700
600 ——Q-MAC
—=—S-MAC
——QAML-MAC

500 [
400
300

200

Energy Consumption

1 2 3 4 5 6 7 8 9 10

Packet inter-arrival Time(sec)

Fig. 11 Energy Consumption per Node

Fig.11 shows a comparison of the average energy
consumed by one node. The QAML-MAC protocol using
multiple layers shows that the amount of energy consumed
per node is significantly lower than that of the SMAC
protocol. This is because energy consumption in the listen
section is low, and energy is saved by reducing collisions of
transmitted packets.

IV. CONCLUSION

The proposed MAC protocol reduces delay, which is a
problem of the proposed protocol and provides high priority
data such as data exceeding a threshold in applications such
as real-time multimedia traffic or predetermined field
monitoring. The fast transmission has the advantage of
transmitting emergency data first. In addition, by using the
idle listening section divided into several layers, the collision
of transmitted packets can be reduced, thereby reducing the
energy consumption at the node and increasing the overall
network life. The QAML-MAC protocol extends the life of
the entire network by reducing energy consumption at each
node by supporting QoS according to data transmission
emergency and reducing the use of fewer listen sections and
the probability of collision. In order to improve the accuracy
of QAML-MAC proposed in this paper, the study on the
setting of each parameter will be done later.
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