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About this Document

This document reports the activities performed in the 6th quarter of our project
‘Enabling Green Video Streaming over Internet of Things’ and the corresponding
deliverable to be submitted to ICT R&D Fund.

In the 4th deliverable, a novel power saving mechanism for IEEE 802.11 is pro-
posed named as PSMP-Plus (now renamed as mPSMP). The proposed technique
is an enhanced version of the existing power saving mechanism, PSMP, of IEEE
802.11 n. Firstly, multi-hop communication that is a critical requirement in IoM
based systems is enabled by the proposed mechanism which was not supported by
the previous power saving mechanisms. Moreover, to provide application specific
QoS to the multimedia traffic, the delay bound is considered while allocating band-
width resources to the network nodes. Similarly, to minimize protocol overhead
frame aggregation is also utilized by the multimedia sensor nodes to save energy.
To evaluate the performance of the proposed technique, a mathematical analysis
is done, which suggest significant energy efficiency gain as compared to existing
CSMA/CA based multi-hop communication in IEEE 802.11.

In this 6th deliverable, a report on link layer for green communication is in-
cluded. Particularly, IEEE 802.11 MAC layer power saving functionalities are
examined. In order to realize multimedia streaming over IoT, a multi-hop power
saving protocol named as mPSMP is presented which allocates channel resources
while considering the QoS requirements of various network nodes. The perfor-
mance of this mPSMP protocol is evaluation through extensive simulations in
Network Simulator NS-2 which suggest significant performance gains in terms of
minimizing end-to-end delay and the duty cycling of multi-hop nodes of an IoT
network.
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Chapter 1

Report on Link Layer for
Green Communication

1.1 Introduction

Internet of Things (IoT) refers to the possibility of connecting sensors, or any other
device or ’thing’ to the Internet. It has the potential to significantly influence our
lives and the way we interact with the devices such as sensors, actuators, mobile
phones, home automation devices, smart grid devices, etc [1]. The Internet of
Multimedia Things (IoMT) is an enhancement to the IoT, whose prime objective
is to enable video streaming as part of the realization of IoT. In IoMT, resource
constraint low-power low-cost heterogeneous multimedia devices can be connected
and each device can be globally accessible by a unique IP address with the same
spirit as of the computers and other networking devices connected through the
Internet. This approach enables a wide range of applications in the areas of home
and building automation, factory monitoring, smart cities, transportation, smart
grid and energy management [2]. However, the time-constrained multimedia con-
tent i.e. video and audio, and more specifically real-time multimedia traffic that is
continuous in nature requires stringent communication requirements as compared
to data communication such as bandwidth, delay, jitter and reliability. These net-
work performance requirements are referred as the Quality of Service (QoS), which
represents the level of user experience.

The current standardization activities of providing Internet-connectivity to
’Things’ [3] are not focused to address the challenges of provisioning multime-
dia objects over Internet of Things. The main obstacles of realizing IoMT are
limited available capacity and scarce battery resources. Many researchers have
investigated a variety of techniques to limit the power consumption of WMSNs.
However, these issues have not been addressed considering IoT architecture. Zig-
Bee that is based on the IEEE 802.15.4 standard is adapted for IoT, since it is
designed for tiny network devices performing simple operations. However, the
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maximum data rate supported by ZigBee (250 kbps) is not feasible for most of the
IoM applications. Especially for real-time multimedia communication, the multi-
media devices cannot provide satisfactory user experience with data rate of 250
kbps. For this reason, IEEE 802.11 standard [4] is suggested in the literature for
wireless multimedia networks, since it provides a high data rate communication
model and holds a great potential to be adapted for IoMT paradigm. ZigBee and
other IEEE 802.15.4 based protocols have been considered for WSNs applications
due to their energy-efficient design. However, recently developed power-efficient
Wi-Fi models promise multiple years of battery lifetime, have become a strong
candidate in this domain [5]. Reuse of existing Wi-Fi infrastructure offers cost
savings and faster deployments and existing Wi-Fi networks deployed everywhere
reduce the infrastructure cost as well. Wi-Fi devices have the advantage of native
IP-network compatibility, which is a big plus for IoT. Well-defined and universally
accepted IP connectivity overcomes the need of expensive gateway requirements.
For these reasons, Wi-Fi has already been widely accepted for many commercial
off-the-shelf video devices, which are largely deployed for video surveillance and
monitoring applications, making it a good candidate for IoMT if the energy effi-
ciency mechanisms of IEEE 802.11 are devised comparable to IEEE 802.15.4.

One of the main reason Wi-Fi was initially disregarded to be adapted for IoT
networks is its higher energy consumption compared to ZigBee standard. Recently,
lots of efforts have being made to improve energy efficiency of IEEE 802.11 based
WLANs. Most of the studies focused on reducing collision probabilities, duty cy-
cle, delay, etc. However, to the best of our knowledge none of them have the
key optimization parameters considering resource constrained wireless multimedia
devices running real-time video streaming applications. Moreover, the multi-hop
operation which is essential element for IoT system, is not supported in current
IEEE 802.11 standard power saving mechanisms such as PSM, APSD, PSMP, etc.
Hence, a power-saving mechanism, compliant to IEEE 802.11 standard, which en-
ables energy efficient multi-hop communication operations is inevitable for stream-
ing multimedia content over IoMT.

In our prior work, we studied the feasibility of various existing power saving
mechanisms to be adapted for IoT and therein we selected Power Save Multiple
Poll (PSMP) protocol developed for IEEE 802.11n due to its contention free fea-
tures. However, PSMP is infeasible for IoT based systems since it lacks support for
multi-hop operations and therefore, we presented an algorithm which enables the
multi-hop operations in existing IEEE802.11 PSMP power saving mechanism. In
this report, we incorporated our previous work in to a Multi-Hop PSMP (mPSMP)
protocol to enable energy efficient multimedia communication over IoT. In order
to realize real-time multimedia streaming, the various QOS requirements in terms
of bandwidth, jitter and delay along with frame rate are considered. Having these
unique requirements, we formulated an ILP problem whose objective is to mini-
mize the duty cycling utility function subject to several constraints including the
data rate, frame rate, frame aggregation threshold and delay bound. Our mPSMP
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protocol provide solution to this ILP problem and allocates channel resources to
network nodes in a time division multiple access manner while minimizing energy
utilization of each node and assuring the required multimedia Quality of Service
(QoS). The evaluation of mPSMP protocol is done using Network Simulator (NS-
2). We also compared the simulation result with that of theoretical result calcu-
lated through the traffic scheduling model presented in our previous work. These
results suggest significant improvements compared to existing power saving mech-
anisms in terms of energy efficiency and reduction in average end-to-end delay and
duty cycling of multi-hop multimedia IoT network.

1.2 Related Work: Background

In recent years, lot of work has been done in the literature to reduce energy con-
sumption of station such that the stations switch to doze state when they don’t
have any packet pending for transmission or reception. However, to the best of
our knowledge, all these power saving mechanisms lacks the support for multi-hop
communication. Recently, a multi-hop power saving saving mechanism based on
IEEE802.11 PSM standard, named as MH-PSM, is proposed [6]. MH-PSM scheme
propagates Announcement Traffic Indication Messages (ATIM) along multi-hop
paths to ensure that all intermediate nodes remain awake to forward the pend-
ing data frames within a single beacon interval. The focus of MH-PSM is to
reduce latency and decrease end-to-end delay in multi-hop networks. However, in
the legacy PSM standard, the stations are notified about their pending packets
buffered at the AP and then the stations contend for the channel to transmit PS-
Poll or trigger frames to retrieve their buffered packets. Therefore, when multiple
stations contend the channel and the probability of collision among the request
frames increases. These collisions results in bandwidth wastage and additional en-
ergy consumption at the power saving stations. On the contrary, In IEEE 802.11n
Power Save Multi-Poll (PSMP) [4], these packet transmissions are not required,
thus the collisions are avoided. Instead, in PSMP power saving mechanism, AP
notifies PSMP enabled station when they have to stay awake using the beacon
frames. Unlike its predecessor power saving techniques, PSMP enables the sta-
tions to stay awake only on specific service times, like time slots in TDMA, i.e.
only when they are required to be in a receiving or a transmitting state. The
AP can schedule the transmission opportunities depending upon the application
constraints like delay and/or bandwidth constraints. The station can transmit
packets in their PSMP Uplink Transmission Time (UTT) or receive packets in
Downlink Transmission Time (DTT), respectively. Hence, the PSMP mechanism
is more efficient as compared to its predecessors, in terms of energy saving as well
as bandwidth utilization.

Therefore, based on PSM standard, MH-PSM protocol although reduces the
end-to-end delay over multi-hop nodes in multi-hop networks; but the inherent
possibility of nodes contention and resultantly packets collision in MH-PSM pro-
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tocol operations cannot be neglected. This results in retransmissions and thereby
increases the wake-up time and energy consumption of power saving nodes. Con-
sequently, we focus our work on on IEEE802.11n PSMP power saving mechanism
and enhance its capabilities to make it capable to work with multi-hop IoT net-
works.

1.3 The mPSMP Protocol

1.3.1 Problem Definition

IoMT implication in is true color requires resource constraints multimedia devices
to be connected and accessible through the Internet. However, the multimedia
content being communicates over the network requires different traffic require-
ments as compared to data communication such as bandwidth, delay, jitter and
reliability. These network performance requirements are referred as the Quality
of Service (QoS), which represents the level of user experience. The mPSMP pro-
tocol propose an energy efficient multi-hop operations in current IEEE 802.11n
PSMP protocol standard while considering the QOS requirement of real-time traf-
fic by fulfilling the delay bound of each packet. This is done by using a three-fold
methodology to make IEEE 802.11 more power efficient.

Firstly, we try to decrease the protocol overhead of the IEEE 802.11 to increase
bandwidth efficiency by allocating a predefined schedule to each station which re-
sults in lowering their duty cycle and reduce energy consumption. Secondly, this
scheduling is done considering the user level experience of multimedia traffic i.e.
delay bound, video quality etc. To achieve this, the station adaptively selects ap-
propriate frame aggregation value based on the QoS specified minimum frame per
seconds and with respect to the delay bound of arrival time of the oldest pending
packet in its queue. When a data packet is received at the MAC layer from the
higher layer, it is appended in the pending packets queue maintained at a power
saving station. If the current packet is the first packet in the queue, then its ar-
rival time is retained. Further, depending upon the Channel State Information
(CSI) received from the intended receiver, the transmitting station determines the
highest data rate that can be supported in the given channel conditions. This en-
ables reduction in the transmission and reception time and as higher data rate also
alleviates the need of longer PSMP-UTT duration requirement, thus bandwidth
resources are efficiently utilized. Moreover, real-time multimedia transmission re-
quires stringent QoS, in terms of delay, bandwidth and latency; hence the choice
of highest supported data rate also dictates the selection of frame aggregation
threshold. This information is being fed to traffic scheduling model and once
a transmitting station determines the optimal frame aggregation and achievable
data rate, it can ask the PSMP-enabled AP for the TXOP or more accurately
PSMP-UTT period.

Thirdly, as highlighted in [6], another pertinent issue is the requirement for a
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station to stay awake for its allocated TXOP even if it has no more pending traffic
in its queue. This results into under utilization of energy as well as bandwidth.
This issue is resolved in mPSMP by incorporating dynamic duty cycling, i.e. if a
station has no more packets to be transmitted in its allocated TXOP, it can dynam-
ically decide to go into sleep mode in real time of algorithm execution. Considering
the three-fold methodology described above, we formulate an ILP problem whose
objective function is to minimize duty cycling utility function, Uu(∂i, γi,Ψi), sub-
ject to the delay bound ∂i, supported data rate γi and frame aggregation threshold
Ψi constraints. Let Nu = {u1, u2, ....., un} be the set of multi-hop nodes ui and let
Qu,i = {p1, p2, .., pm}, be their corresponding set of queues. The problem is formu-
lated as:
Minimize: ∑

ui∈Nu

Uu(∂i,γi,ψi) ∀ui ∈ Nu (1.1)

Subject to:
m∑
i=1

∂p,i ≤ ∂i,max ∀p ∈ Qu,∀ui ∈ Nu (1.2)

ρp,iψu,i

γu,i
≤ ∂p,1 ∀p ∈ Qu, ∀ui ∈ Nu (1.3)

n∑
i=1

nτu,i ≤ 1 ∀ui ∈ Nu (1.4)

The Constraint (1.2) in above formulation ensures that the delay associated
with any packet pi buffered at the queue Qu of station ui, should not exceed the
maximum delay bound limit, ∂i,max. In addition, the delay induced by buffering
a packet in queue is in turn dependent upon the frame aggregation threshold and
data rate; thus Constraint (1.3) mandates that aggregated packets are transmit-
ted within the limitation of delay bound of oldest packet in queue, (∂p,1). While,
the Constraint (1.4) corresponds to the allocation of TXOP τu,i, and ensures that
QoS requirements specified by frame rate are met within one second. In real-time
multimedia streaming, the variation in QOS requirement for each multi-hop away
station from AP varies which also affects the duty cycling of the next hop station
along the flow of traffic towards AP, thus the solution to above problem is found
out to be NP-Complete and very complex in nature. However, the multimedia
power saving devices in an IoT infrastructures do not have enough computational
resources to find the maximal solution of objective function in a given time. There-
fore, we define a multi-hop PSMP protocol operations, details of which are given
below, which schedules traffic opportunity to its various single and multi-hop away
stations. To meet the specified QOS requirements, the traffic demand and associ-
ated parameters, such as data rate, delay bound, etc are being fed from stations
to the traffic scheduling model to meet the QOS requirements for each of them.
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(a) Time-line of Multi-hop
PSMP

STA 3

STA 2

STA 4

STA 5

STA 3 - TR

STA 2 - TR

STA 4 - TR

STA 5 - TR

STA 1
STA 1 - TR

AP
AP - TR

(b) Topology

Figure 1.1: mPSMP Operation for a 5 Node Network

1.3.2 Protocol Operation

The operation of mPSMP protocol is described as follows; and a sample operation
for a five node network topology Fig. 1.1b is shown in Fig. 1.1a. A more detailed
description of this algorithm is already included in 4th quarter deliverable report.
For further understanding of PSMP operation, reader is referred to [4].

� First of all association between Access Point (AP) and stations is carried
out.

� In the next step, AP send PSMP Action frame containing TIM bit set for
each station, indicating that they have traffic buffered at AP. Within this
PSMP frame, STA Info field exist which keeps the track of allocation of
DL and UL traffic transmission opportunity, TXOP for each station and its
PSMP-DTT and PSMP-UTT Start Offset.

� Correspondingly, each single hope away node will go into doze state or stay
awake, according to their TIM bit value and their DL/UL traffic schedule in
PSMP Action frame. This is carried out in an order starting from station
with AID = 1. Therefore, at one time only a single station will stay awake
for the time duration mentioned in its corresponding STA Info field.

� In this way, each single hop away station wakes up as per the order given
in TIM bit of PSMP Action frame, receives its DL transmission from AP
and upon its completion go into doze state for the remaining duration of DL
traffic transmission of other station.

� Subsequently, after the completion of DL traffic transmission, again starting
from AID =1, each single hope away station in turn wakes up and sends its
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buffered UL traffic towards AP and then go into doze state for this remaining
PSMP Sequence. At the end of first PSMP Sequence duration, all the single
hop away stations from AP are served.

� All stations periodically wake up to listen to the PSMP frame transmission
on the completion of every PSMP sequence duration.

� In subsequent PSMP Sequences, two-hop away nodes will get their traffic
schedule. The number of PSMP Sequences to schedule traffic for two-hop
away nodes equals to the number of child-stations of one-hop away nodes.
Again pre-defined order will be followed as per allocated AIDs while schedul-
ing this traffic transmission.

� Thus, within each of these PSMP Sequences, each single-hop away node will
behave like AP for its child-stations and send PSMP Sequence to indicate
the DL traffic buffered for their child-stations (which are two-hop away from
AP) along with the transmission opportunity, TXOP for UL traffic.

� The other single-hop away nodes listen to the transmission of PSMP frame
from one of their single-hop peers and hence go into doze state till the end
of TXOP time advertised from their peer station, i.e till the end of current
PSMP Sequence. Moreover, this information is also communicated by single-
hop away nodes to their sub-child stations to make them sleep.

� After the exchange of frames between the current single hop away node and
its immediate child-station(s), they both go into doze state for the remaining
PSMP Sequence duration. In this way, all the single hop away stations acts
like AP and communicate with their child-stations (two-hops away from
AP) to complete their frame exchange within the assigned PSMP Sequence
duration. These stations also eventually go intro doze state for rest of the
PSMP Sequence durations corresponding to other stations.

� In the subsequent PSMP Sequence duration, algorithm operates recursively
and following the similar pattern, only the two-hops away nodes (acting as
AP) and their sub-child (three-hops away nodes) stay awake and exchange
DL and UL traffic before falling asleep for rest of their PSMP sequence
duration.

� The same pattern is repeated iteratively until the traffic demand of all the
stations in the network is served. After these PSMP sequences, the AP starts
the contention period till the next phase of PSMP sequences as specified in
standard.

It is pertinent to mention that although this process is lengthy but it is by no
mean computation or energy intensive since the duty cycling and traffic scheduling
is done considering the QOS parameters and delay bound of traffic demand of each
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station. Additionally, as multi-hop functionality is not considered in prior work on
PSMP protocol therefore, the algorithm provides a good way forward to enable and
standardize the multi-hop communication while considering the QOS constraints
of data and energy constraints of IoT devices (stations). Lastly, although AP is
considered as powerful resource yet there is a fruitful option in this algorithm for
AP to go into temporary doze state during the time period in which its one-hop
away stations are behaving as acting APs to serve their child-station. Since AP is
synchronized with its one-hop away stations and has already scheduled them their
transmission, therefore it is possible for AP to go into doze to conserve energy and
to further reduce the carbon footprints emission.

1.3.3 Traffic Scheduling Model

The traffic scheduling model is proposed in previous deliverable report, however
for better understanding of protocol and comparison of our results, we include the
important equations of traffic scheduling model.

Let the time spent in transmission is denoted by Tawake, and time spent in
sleep mode is denoted by Ts. Correspondingly, the transmission power is denoted
by Pt, and power consumed by node while sleeping is denoted by Ps. Let ’X’ is
the size of each packet and ’NA’ be the number of aggregated packets based on
the achievable data rate ’Y ’ Mbps and ’ψ’ is per second frame rate, i.e. ψ frames
should be transmitted by a multimedia content-streaming station in a duration
of one second in order to satisfy the QOS requirement. The cumulative PSMP
Sequence duration,‘T ’, required to send ’Tthru’ amount of data by single station in
one second in order to satisfy the delay bound is calculated as:

T =
Tthru
Y

=
ψ ×NA ×X

Y
secs (1.5)

It is important to note that cumulative PSMP Sequence duration, i.e. T, can be
allocated contiguously one by one within a second in case we need to schedule only
one-hop away nodes. However, to enable multi-hop stations communication and to
allocate TXOPs to stations which are located beyond single-hop, each single-hop
away station is supposed to carry its child-station traffic towards AP as well along
with its own traffic. Hence, assuming the traffic demand of every child-stations
is same as their peers belonging to other single-hop away stations. If every ’i’
station has ’j’ number of child-stations, then after identifying the required amount
of transmission time for station ’i’ ,i.e. Tti, the updated required number of PSMP
Sequences durations for the station ’i’ within one second can be calculated as:

λi,j =
T × j
Tti

, 0 ≤ i, j ≤ n (1.6)

This essentially means that we uniformly schedule the traffic demand, T, of every
child-station into number of occurrences of PSMP Sequences, λ, stretched over 1
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©Al-Khawarizmi Institute of Computer Science



CHAPTER 1. REPORT ON LINK LAYER FOR GREEN
COMMUNICATION

second of time. Note that, i=0 implies that AP is the parent station while for rest
of the values, station ’i’ will be acting as AP.

Hence, Tawakei i.e. total awake time of station ’i’ and Tsi, it’s total sleep time
in one second duration can be calculated as:

Tawakei =
n∑

i=1,j=1

λi,j(2× n× Tti + 3× Tsifs + Tpsmp + Twait) (1.7)

Tsi = 1− Tawakei (1.8)

where ’n’ is number of child-stations required to be scheduled in ith PSMP
Sequence duration and 2×Tt is the transmission time of both DL and UL traffic.
3×Tsifs is the number of SIFS intervals in each PSMP Sequence, Twait is the
additional short time spend for each node to stay awake before sending a lost
TXOP request towards AP, and Tpsmp is the time spent in sending PSMP frames.
Likewise, is given by following expression:

It is significant to note that each station ’i’ fell sleep between the time duration
of any of its two ’ith’ TXOPs as described in proposed algorithm. However, if any
station is also acting as the parent of any next hop child-station, then it has to
stay wake till the time duration it communicate with and exchange frames to its
child station. Finally, energy consumption is calculated as, E:

E = Ts × Ps + Tawake × Pt (1.9)

Es = Ts × Ps = (1− Tawake)× Ps (1.10)

Eenergysaving =
Es

E
(1.11)

EnergyEfficiency(%) =
Etotal − E
Etotal

× 100% (1.12)

where E is the energy consumption, Es is the energy consumption in sleep
mode and Etotal is the total Energy.

1.4 Simulation Results

To evaluate the performance of mPSMP protocol, we present the simulation model.
The simulations consist of a multi-hop infrastructure network, depicted in Fig.
1.1b, having an Access Point (AP) and 5 mobile stations (STAs) where each station
generates constant bit rate (CBR) traffic. The carrier sensing range of station is
set to ensure the connectivity between any two stations. The packet size is changed
from 128 to 2048 bytes and packet interval is distributed uniformly from 0.01 to
1.0 secs. The energy model is given in Table 1.1 and simulation parameters are
shown in Table 1.2.

13
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Table 1.1: Energy Consumption Model

Parameter Value
Tx Power 660mW
Rx Power 395mW
Idle Power 35mW

Sleep Power 1mW
Initial Energy 1000J

Table 1.2: The Simulation Parameters

Parameter Value
The number of AP 1

The number of STAs 5
Beacon Interval 100ms

Frame Rate ψ
The number of aggregated packets NA

SIFS 20µ
Transmission Rate 11Mbps

Simulations are carried out extensively and results are averaged for distinct
topologies and each simulation runs for 100 secs duration. We kept the packet
size of 512 bytes, packet interval of 0.05 secs and frame rate of 25 frames per
seconds unless specified otherwise. Firstly, the aggregate energy consumption is
investigated for a multi-hop infrastructure scenario shown in Fig. 1.1b. The packet
size is varied from 128 to 2048 bytes while the packet interval is kept fixed at 0.05.
The simulation model presented here also validates the traffic scheduling model.
The simulation result are compared with that of theoretical results computed from
traffic scheduling model as demonstrated in Fig. 1.2. The variation (increase)
in packet size results in more energy consumption due to an overall increase in
throughput at each station as more time is utilized in awake state to meet the QOS
requirement of 25 frames per second. However, as shown in Fig. 1.3, the effect of
packet size increase on the energy efficiency of the stations having mPSMP protocol
is negligible (4% reduction in energy efficiency) compared to the damaging effect
(20% reduction in energy efficiency) of packet size variation when no energy saving
mechanism is employed for multi-hop stations. Similarly, Fig 1.2 also depicts
a comparison of mPSMP with the traditional TDMA approach of IEEE 802.11
standard without duty cycling and shows notable improvements in terms of energy
consumption when mPSMP is employed. In standard PSMP protocol a station is
not a TXOP holder which means that station has to stay awake for its allocated
transmission opportunity even if there is no pending traffic. The mPSMP protocol
incorporate dynamic duty cycling which enables a station to go into doze state

14
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Figure 1.2: Energy consumption: TDMA vs mPSMP

Figure 1.3: Energy efficiency: PSMP vs mPSMP
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dynamically after sending its pending traffic. The effect of dynamic duty cycling on
energy consumption for multi-hop stations across the flow (STA-2→STA-4→STA-
5) of Fig. 1.1b is shown in Fig. 1.4. This effect is enhanced when packet interval
is increased particularly for stations which are more than one hop away from AP.
Thus, additional energy can be saved by incorporating dynamic duty cycling and is
particularly useful for network scenarios where traffic rate is low or packet interval
varies over the course of time.

Finally, the average end-to-end delay results are depicted in Fig 1.5. As ex-
pected, end-to-end delay increases with an increase in packet size. It is also incre-
mented proportionally with the increase in number of hops, however, thanks to the
mPSMP protocol, the maximum average end-to-end delay for 3 hop away nodes is
around 20ms which is very much lower compared to the previous implementations
of various power saving mechanisms. Moreover, although some packets are delayed
and forwarded over multi-hops in more than one PSMP Sequences; but due to the
traffic scheduling QOS will be guarantied according to given frame rate. It will be
ensured that the end-to-end delay for frames at a given station doesn’t go beyond
per second delay bound.

1.5 Conclusion

Recently, lot of efforts has been presented in existing literature to improve the
energy efficiency of MAC Layer operations for IEEE 802.11 based WLANs. How-
ever, these research studies lack the support for multi-hop communication and
the key optimization parameters required for streaming multimedia traffic over
resource constrained IoT devices are missing. In this work, an energy efficient
multi-hop power saving mechanism named as mPSMP for green multimedia com-
munication over IoT is presented. Various QOS parameters such as frame rate,
delay bounds along with frame aggregation are incorporated while designing the
protocol to realize real-time multimedia communication over multi-hop scenarios
of IoMT devices. The performance evaluation of the proposed mPSMP protocol is
done through Network Simulator NS-2. The simulation results suggest significant
performance gains in terms of energy efficiency and reduction in end-to-end delay
and duty cycling of network nodes.
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Figure 1.4: Energy efficiency gain due to dynamic duty cycling (*)

Figure 1.5: Data rate effect on traffic delay
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Chapter 2

International conference paper
on energy efficiency in IEEE
802.11 for IoM

The mPSMP protocol presented in previous Chapter of this report is submitted in
the form of a conference paper in an international conference titled ’IEEE Globe-
com 2015’, details of which can be seen in the Fig. 2.1:
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CHAPTER 2. INTERNATIONAL CONFERENCE PAPER ON
ENERGY EFFICIENCY IN IEEE 802.11 FOR IOM

Figure 2.1: International Conference Paper
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