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Abstract: :-In recent years, for delivering multimedia information such as images and videos, wireless
multimedia sensor networks (WMSNs) have emerged as an outstanding technique. Due to the fast
Advancements in sensor technology and the availability of low-cost hardware, the development of
Wireless Multimedia Sensor Networks (WMSNs) has emerged. WMSNs are composed of resource-
constrained wireless nodes through which both the scalar data and multimedia data (i.e., audio, still
images, and video) can be sensed and acquired from the environment. However, the resource-constrained
nature of multimedia sensing devices has made the WMSNSs face several challenges. To tackle these
challenges, different authors developed different methods. In this paper, we have surveyed all such kinds
of methods. Initially, we study the basic architecture of multimedia senor nodes followed by the
characteristics and applications of WMSNSs. Next, we have conducted a detailed survey over different
methods and all those methods are segregated into three categories. Under the segregation, we have
considered different aspects and segregated them as Data-Aware methods, QoS Aware methods, and
Energy-Aware methods. In the end, we also summarized the existing solutions and outlined several pros
and cons. In this paper, recent developments in techniques for designing highly energy-efficient and QoS-
capable WMSNs are surveyed.

Keywords—Wireless Multimedia Sensor Networks; Energy proficiency; Quality of Service; Reliability; Dynamic
power control; wireless communication protocols; multipath routing; medium access control;

I INTRODUCTION: sensing circuitry. Next, under processing, the detail

In current advancements, the field of Wireless
Sensor Networks (WSNs) has extended an
increased research interest in the networking
community. WSNs are low-power, low-cost multi-
functional, and feasible due to the proliferation of
wireless  communications, integrated  digital
electronics, and advanced features of "Micro-
electro- mechanical systems (MEMS)" [1]. WSNs
have an extensive variety of applications including
environmental monitoring, object tracking, health
condition monitoring, ubiquitous computing, etc.
Generally, the WSMN is composed of a larger
amount of battery-operated sensing deviceswith
which the devices process as well as communicate
with each other [2]. Under sensing, the senor nodes
sense the environmental conditions (ex. electrical
signal  transformation, light or  humidity,
andtemperature, etc.) of their surroundings through
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of data is analyzed. At the transmission phase, the
processed data (Scalar data) is transmitted through
a radio transmitter to an information center (sink or
base station) moreover directly or through various
hops [3, 4].

Nonetheless, the fastest growth in sensor
technology, the inexpensive and flexible
“Complementary Metal Oxide Semiconductor”
(CMOS) cameras and microphones having an
adaptive coding capacity, embedded computing,
and MEMS have made the emergence of a new
paradigm of WSNs, called Wireless Multimedia
Sensor Networks (WMSNs) [5]. The data
redundancy method mainly focused on the removal
of redundant information fro m multimedia to
optimize the resource constraints. Next, the QoS
aware methods focused on the improvisation of
QoS by optimizing the reliability and delay.
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Finally, the energy-aware method intends to
preserve the energy of sensor nodes thereby
improving the network lifetime.

The remaining part is organized as, 2nd section
demonstrates the basic details of WMSN
architecture, characteristics, and applications of
WMSNSs. In the 3rd section, we have outlined the
complete details of theliterature survey. Section 4th
discusses the details of the pros and cons of the
proposed methods discussed in section Il and
finally, section V concludes the paper.

1. LITERATURE SURVEY:
A. Multimedia Architecture
The simple architecture of the WSN
multimedia sensor device is displayed in Fig.1
[6]; it is composed of several basic modules
such as sensing circuitry, central processing
unit (CPU), a communication system, a
memory unit, a co-ordination system, and
optional actuation or mobility system. Further,
the sensing unit is built up with two basic
components as Sensors (Scalar sensors,
microphones, and cameras) and Analog-to-
digital converters (ADC). Once the signals
recorded by sensing circuitry are completed
with sensors, and then they are processed to
ADC to convert them from analog to diagonal
and then fed to CPU. The input digital signals
to the CPU are processed and executed by the
software concerning the communication
scenario and then interfaced to the memory
unit. Next, the communication system consists
of a radio devices transceiver and a piece of
communication software. Next, the main
responsibility of the coordination system is to
ensure perfect and synchronized coordination
between different devices of the network in
several aspects like location management and
network synchronization. The actuation or
mobility unit is used to enable the manipulation
or movements in the object. Finally, the entire
device is powered by a power unit which can
be a battery of energy harvester such as solar
cells.

[ 0o P 5 |

Figure.1 Internal modules of a wireless sensor multimedia
network
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Figure.2 Basic Architecture of WSMN

B. Characteristics of WMSN
The major and beneficial characteristics of
WMSNs those were attracted most of the
recent network-based researchers are outlined
as follows [6];
1) Multimedia In-network processing
2) The required QoS will get a maximum
value if it considers both the in-
network processing of raw multimedia
data and the optimization of the cross-
layer communication
processMultimedia Source Coding
3) A new coding paradigm called
Distributed Source Coding (DSC) [7]
was recently found to have a balance
between complexity and energy
consumption. An implementation of
such a type of encoding in WMSNSs
gives promising results.
4) Cross-layer Conjunction
5) Cross-layer optimization is very
important when modeling data
communication in WMSNs. When
designing a QoS aware design needs
to be deliberated strictly on the
resource-constrained sensor devices.
6) Resource constraints
7) In WMSN, the embedding sensor
devices are resource-constrained, i.e.,
they have limited resources such as

memory, bandwidth, energy,
achievable data rate, and processing
capabilities.

8) Dynamic Channel capacity
9) The dynamic channel capacity has a
serious effect on the QoS provision.

C. Applications of WMSNs

WMSNs have widespread applications and
they are broadly discussed and classified into
four classes; they are Industrial, Personal
Health care, Traffic Monitoring, and Visual
surveillance applications. In table .1 few
WSMN existing applications are given with
examples.
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1. Industrial and Environmental
applications
This process is accomplished by processing the
video data acquired by sensors through image
processing algorithms [8].

2. Personal Health Care

In the medical field, the WMSNs have
numerous applications like patient care, drug
administration, elderly assistance telemedicine,
etc. For example, multimedia sensor devices
can be used to study and monitor elder people's
performance such that the main causes of
illness can be identified that affect them, for
instance, dementia [9]. In this model, patients
will carry medical sensors to observe the time
to time updates regarding breathing activity,
electrocardiogram, Oximetry, blood pressure,
and body temperature. Wrist devices [10] are a
better example of this operation through which
a patient can measure the details and also can
forward them to the medical expert.

3. Traffic Monitoring

Smart parking [11] can also be done through
multimedia sensors which will permit scrutiny
of the accessible stopping spaces Furthermore
advising drivers for automated driving systems.
The U.S. Transportation Department proposed
in 1995 named as "National Project Planning
Intelligent Transportation System."

4. Visual Surveillance
Under visual surveillance, a large-scale
network of multimedia sensor devices can help
law-enforcement agencies to detect crime
activities against crime and terrorist attacks.

1. LITERATURE SURVEY AND
METHODOLOGIES:
The complete approaches are categorized into
three categories; they are Multimedia data-
aware approaches, QoS aware approaches, and
Energy Oriented approaches. In the case of

www.ijiemr.org

multimedia  data-aware  approaches, the
complete focus is kept on data redundancy.
Further, in energy efficiency-based approaches,
the focus is kept on energy efficient
communication and energy  efficient
computation.

A) Multimedia data-aware approaches

Generally, the volume of multimedia data is very
large when compared with the size of scalar data. For
WMSNSs in which the multimedia sensor nodes have
limited resources, transmitting a larger volume of
data is one of the biggest problems. Hence to solve
this problem, there is a need to decrease the data size
which needs to be transmitted. Multimedia in-
network processing, distributed source coding, and
local processing algorithms are the best example
algorithms that can lessen the size of multimedia data
that needs to get transmitted. Moreover, in- network
data storage methods are used for this
purposeDistributed Source CodingThe transfer of
entire source data to the centralized location is a very
tough problem because the multimedia source nodes
are resource-limited. Distributed Source Coding
(DSC) [12], [15-18] is one possible solution in which
every multimedia senor node encodes its information
independently and leaves the complex decoding task
to sink node.
1) Multimedia In-network processing

Next, In-network processing multimedia data is
demonstrated as a transitional process that happened
at local multimedia sensor nodes which obtain
network scalability through reduced energy
consumption [20]. Under this strategy, there exist two
types of processing strategies. The first one is based
on the fusion of multi-modal data [21], [23] and this
is generally happening at the cluster level after
receiving the entire data from its cluster members.
Due to the nature of heterogeneity, the data fusion
may be of multiple types such as audio, images, and
video and non-imagery data. The next type is online
multi-view video summarization [22], [31].

Table.1 Existing Applications of WMSN with few examples

Application Fields

Applications used

\Visual Surveillance Live CCTV monitoring systems that help to improve security

Traffic Monitoring "National project planning intelligent transportation system in the USA"

Military _(C4IS_RT) - The cqmmand, contro!, communicationsz computing,
intelligence, surveillance, reconnaissance, and targeting System

Health care Remote Monitoring patients and especially Physically disabled

VR Gaming VR games with live multiplayer, Can YOU See Me Now (CYSMN), etc.
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Target tracking

Centralized tracking and Distributed tracking such as Traffic congestions

Environmental
Monitoring

Forest and Ocean live monitoring and Sand Storms

Space exploration

Jet Pollution Laboratory (JPL) by NASA

Usage in Society

Smart Cities and Home Automation for locking systems and Security

Under the first category, a new multi-modal data
fusion strategy is proposed by M. Koyuncu et al.,
[24] for accurate object detection and energy
efficiency. After capturing the audio and video data
from sensor nodes, the objects are recognized and the
results are improved by the recognition performance
at sensor nodes. The conclusive outcomes are sent in
the text data format to sink. A similar method is
proposed recently by A. Yazici et al., [25] but this
time clustered-based routing is applied over wireless
multimedia sensor nodes after recognizing the objects
through machine learning algorithms. The proposed
cluster-driven data forwarding algorithm is to achieve
energy-efficient communication in WMSNSs. Next,
Rui Gao et al., [26] proposed a cooperative audio
data fusion that combines seamless audio editing with
wavelet transform. In this approach, initially, the
audio data is divided into multiple parts and for every
part, a graph matching algorithm is employed to
obtain the most appropriate part and transform the
shape information.

Under the second category, S. H. Ou et al., [22]
considered the Multi-View Video Summarization
(MVVS) [27] for WVSNs to eliminate the excess
information required energy and compression with
the reduced transmission. This approach has less
complexity also. Next,

S. Colonnese et al., [28] proposed a new "Multi-view
video coding (MVC)" to compress the video by
considering the correlation of FoVs of spatially
separated cameras [29]. A Common Sensed Area
(CSA) is defined here based on geometrical
relationships between the relative position of
different cameras, motions, occlusions, and
illumination variations. Next, in this proposed
method by S. Colonnese et al., [30], the CSA is used
to create clusters in WMSNsand created a clustered
WMSN by exchanging the local information through
which the resulting transmission rate is measured.
However, the Multi-view video summarization is a
challenging problem because the sensed data have
thematic diversity and content overlaps within multi-
view videos.

A) QoS Aware Approaches
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Generally, most of the applications of WMSN
expect a real-time delivery of video data. For this
purpose, the WMSNSs have to transmit the entire
captured video to the sink before a specific time
deadline and also need to concentrate on packet
loss such that it should not exceed the threshold.

2) Reliability

Generally, the guaranteed reliability is ensured by
either retransmission or redundancy [32]. Unlike
this multi-path routing, a network coding can be
applied, for example, "Random Linear Network
Coding (RNLC)" [33] in which the packets are
generated from x packets and the reliability is
guaranteed even the sink has received at least x
packets where ¥ = X, In the caseof bit-level
redundancy, some extra segment orbits are
concatenated for the original packet. Several
authors focused on the error control in WMSNs
[39]. Min Chen et al., [34] focused on the problem
of real-time streaming video over energy and
constrained bandwidth WSN with a small volume
of Video Sensor Nodes (VNs). This approach
applied FEC [35] along with a novel multipath
routing scheme called "Directional Geographic
Routing (DGR)". After encoding the FEC secure
H.26eL real-time streaming video data, DGR
establishes an application that required multiple
disjoint paths for a VN to sink. R. Mohammadi et
al., [36] a "Delivery Ratio Based Network Coding
(DRNC)" is developed to the improvement of the
reliability of real-time video data exchanging
transmission in WMSNS. In this approach, initially,
the packets are coded and transmitted through the
shortest path. At any intermediate node, if it is
found any packet is lost, then it is recovered
through coded packets. P. Chau et al.,[37] proposed
a "Distributed Systematic Network Coding
(DSNC)" to achieve data transmission reliability in
WMSNSs. B. Sarvi et al., [38] introduced a New
Adaptive Cross- Layer Error Control Protocol
(NAC) for the real-time and reliable transmission
of multimedia data in WSN. This approach
employed FEC at the application layer and a hybrid
FEC/ Automatic Repeat Request (ARQ) [39, 40]
and Unequal Error Protection (UEP) [41] at the
link layer.
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3) Delay

The first one is that the Medium Access Control
(MAC) can utilize service differentiation and
prioritization mechanisms to adopt higher priority
for real-time video data or they can grant early
access to high-quality channels [42]. In the second
strategy, the routing protocol can employ such
techniques which have QoS knowledge and can
select the paths that have minimum accumulated
delay over the established paths [43]. Several
authors developed several approaches based on
MAC design [51]. Focusing on the enhancement of
QoS  (bandwidth and  end-to-end  delay
requirements), N. Saxena et al., [44] a new QoS
MAC protocol based on sensors is proposed. This
is an application-specific QoS, and also endeavors
to preserve QO0S energy constraints without
violating. Next, M. A. Yigitel et al., [45] focused
on the design and implementation of a QoS-aware
MAC protocol called Differentiated MAC (Diff-
MAC) in which several methods are integrated to
achieve the requirements of quality ofservices QoS
to deliver heterogeneous traffic. The goal to meet
Diff-MAC requires enhancing the utilization of
channels with effective service differentiation such
that the data delivery will more efficient and fast.
O. Farrag et al., [46] proposed a novel Medium
Arbitration Scheme for QoS support, called MAQ,
over a single channel available for communication.
MAQ decentralizes the communication resources
control and completely integrates the TDMA and
CSMA/CA for medium access such that the
incurred delay is within the limits and also
achieving an increased throughput with perfect
channel utilization.Lu Wei et al., proposed an
energy-efficient, scalable, and collision-free MAC
protocol, DTFMM [47] based on the principles of
the time and frequency division for sharing
medium. DTFMM is employed over a clustered
network and a distributed local coordinate
algorithm is applied for channels assighing among
clusters. The information from sensor nodes is
transmitted to CH based on time slots and the CH
forward gathered information to sink based on
"Minimum Spanning Tree (MST)" [48] routing.
Cheng Li et al. [49] are proposing a similar strategy
called 'Clustered On-Demand Multi-Channel MAC
Protocol (COM-MAQ)' to achieve secure and
energy-efficient data transmission in WMSNs.
Under the scheduling process, the COM-MAQ
scheduled multi-channel medium access for every
cluster and traffic-adaptive and QoS-aware
scheduling algorithm for the selection of dynamic
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time slots and channels for every multimedia
sensor node. Y. Ozen C. Bayilmis [50, 52]
concentrated on the urgency challenges and
proposed new traffic and QoS aware cross-layer
MAC protocol, called UrgMAC. Some new
mechanisms  namely; Two Tired Service
Differentiation, Multimedia Message Passing,
Traffic Adaptive Duty Cycle, Urgency based
Content Window Size adaption, Adaptive data Rate
Adjustment are proposed to support diverse
applications like military border surveillance,
habitat monitoring, etc.

4) Energy-Aware Approaches

In WMSNSs, the multimedia sensor nodes have
limited power because they are equipped with non-
rechargeable batteries. Hence the operational time
of every sensor node must be done in a strict
manner such that the network will gain a long
lifetime. The basic operations those need to be
done by sensor nodes are;

(1) System's basic operation

(2) Computations over sensed multimedia
information

(3) Communicating the data [53].

To achieve an increased lifetime, the design

can be done at different phases; the first one

is the design of a low-power multimedia

sensors platform, the second one is energy

efficient communication algorithms and the

last one is the design of optimal and dynamic

power management principles.

5) Computational Energy

Generally, the energy consumed during the
computation process is neglected in WSN because
the size of scalar data is very less and it is in the
order of kilobytes, but the computational energy in
WMSNSs is accountable [54]. Since the data size of
a multimedia (ex. video) is very high (order of
Megabytes), the energy consumed for processing
such type of data is also high. For instance, in an
application related to vehicle tracking, the energy
consumption for the acquiring and processing of a
frame is approximately 12% of total energy
consumption [55]. Hence, the WMSNSs need to try
to use an energy-efficient algorithm for video
compression [58], image processing [56, 57], etc.
Further, care needs to be taken in the provision of
atradeoff between quality and energy consumption

Page 105



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

[59]. Further, to maintain the same performance
even under lossy wireless channels, an error control
scheme is also deployed which an integrated form
of multipath routing and network is coding [60]. A
similar method is proposed by N. Khernane et al.
and formulated the problem as NP-hard. This
approach considered five constraints such as the
flow conservation, video quality, network lifetime,
convergence, and the shortest path [61].

1) Communication Energy
In WSNs or WMSNSs, the energy consumption for
data communication is a major factor by which the
lifetime of a network varies. Generally, the energy
consumption is directly proportional to the size of
data that needs to be transmitted. Hence there is a
need for energy- efficient communication and these
needs to be considered at every stack layer of the
protocol. For example, the energy consumption of a
MAC layer can be reduced by modeling an
appropriate duty cycle such that the nodes will
remain active only for specific periods [62]. Next,
at the network layer, energy-efficient modeling can
be done by energy estimation and balancing load
across the network [63]. The transport layer can be
modeled as a function of the frequency of event
reporting [64]. Further, a tradeoff needs to be
maintained between computation and
communication power. In WMSN QoS to improve
the energy efficiency, P. Spachos et al., proposed
an energy-aware dynamic and angle-based QoS
aware routing. This approach is modeled
concerning the transmission distance between
nodes and the inclination angle of the next-hop
candidate node. Further, S. Aswell and V. R.
Gorpade presented a Link Quality and Energy
Aware Routing (LEQAR) in which the next-hop
forwarding node is selected based on the distance
between the next-hop node and sink, remaining
energy, and the quality of link associated with it.
LEQAR discovers multiple paths between sources
and sink nodes for reliable data delivery [65].Lodhi
et al., [66] proposed a "Multi-Path Multi-Priority
(MPMP)" data communication method based on
the optimization of cross-layer architecture which
was oriented to the awareness of context. This
approach employed a "Two-Phase Geographical
Greedy Forwarding (TPGF)" multi-path routing
scheme is used to discover node disjoint multiple
paths at the network layer. At the transport layer, a
"Context-Aware Multi-Path Selection" (CAMS)
this algorithm is used to select the maximum
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number of paths to gather all possible information
from the source node. Next, |. Bennis et al.,
combined the energy awareness with TPGF to
achieve QoS with energy efficiency in WMSNSs.
Mainly the EA-TPGF considered the residual
energy of nodes in the discovery paths. A novel
dual scheme called PEMUR is proposed by Kandris
et al., to achieve both QoS and energy saving. For
this purpose, PEMuR is combined with intelligent
video packet scheduling and the hierarchical
routing protocol. Moreover, recently, D. Wang et
al. proposed an Energy-Efficient Adaptive
Distributed Cooperative Routing (EDCAR) by
considering the energy consumption and QoS
simultaneously.  Specifically, a reinforcement
learning algorithm is employed here to maintain a
balance between energy, delay, and reliability [67].

2) Dynamic Power Control

Dynamic Power Control (DPC) is one more
category of energy-aware routing mechanism in
which the routing algorithm will keep continuous
monitoring over the energy consumption at several
parts of sensor nodes and makes them shut down or
lie in sleep mode or hibernation mode if they found
as idle. However, a guaranteed QoS is a very big
challenge in the design ofthe DPC framework. For
instance, Fallahi and Hossain considered the
operation modes of transceiver and multimedia
sensor, varying network characteristics such as
video traffic arrival rate, condition of channels, and
buffering status at every node. Based on these
factors a QoS ware DPC is modeled based on the
Markov Decision Process (MDP) to extract an
optimal policy for the network [68].

A similar method is proposed by A. K lodhi et al.,
[69] which use the MDP for dynamic power
management based on only energy constraint.
Several policies are derived and compared to
obtain an optimal policy that maintains a tradeoff
between energy consumption and throughput Kate
et al., [70] achieved an energy-efficient routing in
WMSNs by applying DPM over CH selection,
cluster formation, and multipath routing. Here the
dynamics are realized through a genetic algorithm
through which the best path is selected which
optimized the cost function developed based on
least energy consumption and minimum distance.
Next, Habib and Moh[71] developed an
evolutionary game-based routing (EGR) which is
an evolutionary game theory is employed for CHs
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selection in WMSNSs. Moreover. EGR also focused
on the data redundancy based on the overlapped
FOVs of camera sensor nodes.

V. DISCUSSION:

P. Wang et al. [13] and Liu et al. [14] employed
DSC based on entropy evaluation and Description
coding. The major advantage of DSC is the shifting
of computational complexity from the encoder to
decoder. Even though the DSC has gained a better
compression rate, it has certain theoretical bounds.
Next, X. Liu et al, [19] applied WZC to attain a
better compression rate at the risk of the more
computational burden. Another way of data
compression is the fusion of multi-modal data such
as video and audio. The fusion is generally
employed at the cluster level because the cluster
heads (CHSs) are assumed to have more resources
than multimedia sensor nodes. M. Koyuncu et al.
[24] and A. Yazici et al. [25] focused on the fusion
of multi-modal data by applying object detection
and machine learning algorithms. R. Gao et al. [26]
employed Wavelet transform and extracted the
shape of the object from a video. Extraction of the
only shape removes much redundant information
but wavelet transform needs two times the
computational ~ operation  than  conventional
transforms like entropy etc. Moreover, the wavelet
transform has the shift-invariance problem and
results in less qualitative reconstructed image/video
at the base station. Next, S. H. Ou et al., [22], and
S. Colonnese et al., [28, 30] used correlation-based
coding for data compression. For multi-view data, a
common region is determined and it was only
transmitted to the base station.

O. A. Fdili et al. [62] analyzed the energy
consumption of the network based on frame rate
and quantization parameter of H.264/AVC video
coding. But the energy for transmission and
reception of data is not concentrated. Next in the
methods proposed by J. Zou et al. [60] and
Khernane et al., [61], the energy consumption is
related to the source or channel rate adoption.
Along with this power consumption, they were
focused on link rate and video coding rate and
formulated the problem as weighted convex
optimization. This kind of problem-solving strategy
induces a huge computational burden over the
network. P. Spachos et al., [65] and S. Aswale and
V. R. Gorpade [66], [71] linked the energy
consumption  with  the distance  between
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communicating sensor nodes, sensor node to sink
node distance, and remaining energy. Moreover,
they have adopted multipath routing which is the
main advantage. However, they didn't focus on the
data rate which is the main factor and has a great
impact on energy consumption. |. Bennis et al.,
[68] combined energy awareness with TPGF to
achieve QoS withenergy efficiency in WMSNS.
Mainly the EA-TPGF considered the residual
energy of nodes in the discovery paths. However
greedy forwarding mechanism introduces a delay
in the data delivery because the greedy mechanism
searches for the nearest node which results in the
more intermediate node for a path between the
source and the sink node. Fallahi and Hossain [72]
and A. Kobbanne et al., [73] employed MDP for
energy calculation. In these processes, the current
energy level is predicted based on previous energy
levels and can maintain a tradeoff between energy
consumption and throughput. However, in WMSN,
the energy consumption is related to data rate
which was not focused on in these methods.

V. CONCLUSION

We have outlined all such methods to discover
their pros and cons. Initially, we have outlined the
basic architecture of multimedia senor nodes
followed by challenges and applications of
WMSNs. Then we have survey different
approaches and they are grouped according to the
common objective they have focused to achieve.
Under the segregation process, the entire methods
are segregated into three different categories as
Multimedia data-aware methods, QoS aware
methods, and Energy-Aware methods. Further, a
fine classification is done under every category
based on sub-constraint or sub-objective intended
to achieve. Finally, a detailed and simple
comparison table is stipulated such that the readers
will get a quick understanding. The comparison is
done concerning methodology, performance
metrics employed for performance evaluation.
From this comparison, we have noticed that even
though the approaches focused on load balancing,
while they lack QoS provision when multimedia
data is considered. Further, we also noticed that the
multimedia data-aware approaches focused less on
resource constraints. They purely tried to reduce
the data redundancy through complex mathematical
structures and such type of processing increase the
computation energy.
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