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ABSTRACT Some recent researches have shown that the energy consumption problem caused by data
collection in a wireless sensor network (WSN) based on a static data collector is a main threat to the network
lifetime. However, with the progress of the mobile terminal technology, the implementation of mobile data
collectors (MDCs) has become more popular in large-scale WSNs, but it remains a big problem to improve
the Quality of Service (QoS) criteria and minimize the energy consumption at the same time. However, most
existing systems based on MDCs do not successfully strike a balance between routing energy consumption
and QoS. In addition, most WSN protocols fail to maintain their impact when the network topology changes.
Thus, for a dynamic WSN, it is important to support an intelligent MDC to continue data propagation
despite the inevitable changes in the WSN topology. Considering all the above challenges, we propose a
new intelligent MDC based on the traveling salesman problem (TSP) to determine the optimal path traveled
by the MDC for energy efficiency and latency. Specifically, our proposed Mobile Data Collectors-Traveling
Salesman Problem-Low Energy Adaptive Clustering Hierarchy-K-Means (MDC-TSP-LEACH-K) protocol
uses K-Means and Grid clustering algorithm to decrease energy consumption in the cluster head (CH)
election phase. Additionally, MDC is utilized as an intermediate between CH and the sink to further enhance
the QoS ofWSNs, to reduce delays while collecting data, and improve the transmission phase of the LEACH
protocol.

INDEX TERMS Energy consumption, large-scale wireless sensor networks, optimal path, QoS.

I. INTRODUCTION
Most recently, studies have demonstrated that introducing
mobile data collectors (MDCs) can significantly enhance the
performance of wireless sensor networks (WSNs). But there
are important design issues, such as how to determine the
location of the nodes, the number of sensor nodes (SNs), and
the design of an optimal MDC path. Therefore, new WSN
protocols have been proposed to deal with media access con-
trol, routing protocols, data aggregation, etc. Although much
research has focused on reducing the energy consumption of
routing protocols, only a few have addressed other quality of
service (QoS) criteria, such as node throughput and latency.
Therefore, in this paper, we propose a routing protocol that
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considers energy consumption, throughput, latency, and sta-
bility of nodes in terms of QoS. In WSNs, clustering has
been considered as an important data mining technique to
solve problems such as data aggregation, network lifetime,
load balancing, energy consumption, stability, and scalabil-
ity [1]. For many advantages, aggregation is recommended
in WSN [2], [3] data operation. In addition, clustering is
an important element of network organization, which has
an impact on network efficiency anyway. The process of
clustering divides a WSN into groups called ‘‘clusters,’’ each
cluster has an elected leader among the SNs who is called
‘‘cluster head’’ (CH). All data flows are transferred by the
WSNs and aggregated by their CHs into a cluster. After that,
data streams are transmitted by the CHs to the base station
(BS). Transmitting data continuously in a wireless network
using multi-hop communication to reach the BS consumes
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the energy at the nodes, and therefore, reduces the network
lifetime. Clustering algorithms in WSNs consist of rounds.
The clustering algorithms of WSNs are executed in rounds.
The rounds involve cluster creation, CH election, and data
transmission [4]. WSN clustering algorithms running data
streams are divided into two main steps, the clustering phase,
and the data transmission phase. Using the grid clustering
algorithm [5], each cluster is formed according to the size
of each grid in WSN. In particular, this method fixes the
size and location of clusters. In addition, other Machine
Learning clustering algorithms have been proposed in the
research literature, such as the K-Means algorithm. The latter
divides the dataset into K clusters using the mean Euclidean
distance, which allows for the optimization of intra-cluster
similarity [1], [6].

Our research focuses on combining the MDC with the
traveling salesman problem (TSP) during the transmission
phase of our protocol, which is implemented by a company
in the USA in order to find a solution to the path problem by
utilizing linear programming. The TSP is a specific case of
the vehicle touring problem. However, the problem of how
to select the best travel route and not to miss each landscape
has become a problem that needs to be considered in recent
years. This current example exactly mirrors problems com-
mon in mathematics-TSP problem, in which a businessman
visits n city and then goes back to the starting city, with the
assumption that a city can be visited only once to determine
the fastest [6], [7].

This study proposes a new protocol called Mobile Data
Collectors-Traveling Salesman Problem-Low Energy Adap-
tive Clustering Hierarchy-K-Means (MDC-TSP-LEACH-K),
which is a combination of the LEACH protocol and the
TSP-based MDC approach. It uses K-Means and Grid clus-
tering algorithms to decrease the energy consumption of the
CH election phase and to improve the CH election and a
new intelligent MDC based on the TSP to determine the
optimal MDC path for an efficient latency. More precisely,
the contribution of this paper is as follows:

1) This work proposes a new routing protocol called
MDC-TSP-LEACH-K. The proposed algorithm first
applies the Grid algorithm to divide the network into
equal size regions, then the K-Means algorithm is
applied to each grid cluster to determine the CH.
Assigned each CH to the SN having the minimum
distance to the centroid of each grid cluster. The CH
can broadcast data toMDCwhenMDCvisits its lineup.
MDC completes its collection and finally delivers the
data to the BS.

2) This work integrates TSP to the proposed solution to
determine the MDC optimal path.

3) This work compares the proposed protocol to existing
solutions and proves its higher performance.

The remaining of this paper is organized as below.
Literature review on clustering protocol using the K-Means
algorithm, Grid algorithm, and TSP in MDC are provided in
section II. An explanation of the proposed clustering protocol

is provided in section III. The analysis and simulation results
are presented in section IV. Finally, conclusions are provided
in Section V.

II. RELATED WORK
Many studies have been conducted to evaluate the effect of
K-Means on the LEACH protocol performance in WSN [1],
[8]–[13]. Other studies, apply the Grid-sizes clustering on
LEACH to enhance the WSNs performances as in [5], [8],
[14], [15]. Several other studies have been carried out to
developMDC routing protocols [16]–[20] in which they have
concentrated on increasing the lifetime of the WSN. Some
research studies implement theMDC in the LEACH protocol,
while others apply the K-Means and Grid-sizes Clustering in
the LEACH protocol. Other studies, on the other hand, apply
the TSP algorithm, on LEACH to enhance the WSNs perfor-
mances as in [21]–[26]. Table 1 summarizes some literature
works.

As noted above, some works integrate the Grid, and
K-Means algorithm into the LEACH protocol, while others
implement the TSP algorithm in this protocol. Note that
both Grid and K-Means algorithms have similar philosophies
but are used separately, as stand-alone algorithms, to reduce
energy consumption in LEACH. However, only a few works
integrate both algorithms (Grid, K-Means) to improve the
QoS of the LEACH protocol. To our knowledge, no work
has combined the K-Means, Grid and TSP algorithms in the
MDC of the LEACH protocol. This work aims to integrate
the K-means and Grid algorithms in a clustering setup phase
where the TSP approach is used in the transmission phase of
the LEACH protocol to improve QoS measurements. In the
following section, ourMDC-TSP-LEACH-K clustering algo-
rithm will be discussed.

III. PROPOSED APPROACH
A. MDC-TSP-LEACH-K
Our proposed protocol MDC-TSP-LEACH-K is an exten-
sion of the basic principle of LEACH [4], [31] and conver-
gence of wireless mobile communication technologies and
enhanced sensor technology. This work uses the K-Means
and Grid algorithm to improve the LEACH protocol before
CHs election and the MDC as an interface between the CHs
and the BS. The whole WSN area is divided into a logical
grid of a defined size (i.e, 4×4 grid, as shown in Fig. 1).
Every grid is a rectangle (with (d) units on each side) of
size (d×d). Therefore, the size of the grid is determined
according to the nominal radio range (R). For a large value
of R, the grid includes a large number of nodes. Once the
grid is configured and all nodes are placed, the K-Means
algorithm is applied for each cluster in the grid to reduce
the intra-cluster communication distance and to provide the
centroid coordinates. The choice of the CH is made accord-
ing to the distance from the centroid. Let us assume that
the number of the nodes designated by (ni) is subdivided
into K groups {G1,G2,G3,G4, . . . ,GK}. Let centroid−K
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TABLE 1. Comparative study of the literature.
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TABLE 1. (Continued.) Comparative study of the literature.
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TABLE 1. (Continued.) Comparative study of the literature.

FIGURE 1. MDC-LEACH-K architecture.

becomes the centroid of the GK cluster groups. For example,
G1 ∪ G2 ∪ G3 ∪ G4, . . . ∪ GK = {n1, n2, n3 . . .}.
The K-Means step is calculating the positions of the cen-

troids of each grid. Then, assign each CH to the SN, which
belongs to the grid (i) with coordinates (xj, yj), having the
minimum distance to the centroid. The minimum distance is
calculated as follows:

D((x, y),GridCentroid (i))

= min{
√
(xcentroid − xj)2 + (ycentroid − yj)2};

(xj, yj) ∈ GridCentroid (i) (1)

Consequently, the Grid-centroid coordinates, correspond-
ing to the minimum distance to (x, y), are calculated. The CH
is selected for the given grid. Each CH diffuses its location
in its transmission area using a special packet containing its
coordinates to all the nodes of each grid cluster. The MDC
does its job in a smart way that it only approaches the CHs
closest to its neighbors. The MDC collects the CH data.
MDC collects the data that are broadcasted by the CH can
broadcast data to MDC directly. Therefore, MDC completes
the collection and finally delivers the data to the BS. Fig. 1
illustrates a straightforward MDC strategy in WSN.

FIGURE 2. The process of the MDC-TSP-LEACH-K.

The proposed scheme uses a Grid-cluster-basedWSN. One
of the SNs is selected as the CH of each Grid cluster, which
TSP provides a dynamic trajectory to MDC. Since the CH are
located almost very close to the centroid, the MDC moves on
an almost linear trajectory starting from the first centroid of
the first grid-cluster to the last grid column. Then it moves
to the nearest centroid of the grid-cluster until the whole
grid-cluster. Finally, it transmits all the data to the sink. The
process of the MDC-TSP-LEACH-K Problems algorithm is
shown in Fig. 2:

The MDC-TSP-LEACH-K process has the following
advantages:

1) Less energy consumption.
2) Less Overheads
3) Less latency times.
4) More Robustness
5) Stability
6) Balancing of areas between groups
7) Scalability

The process of the MDC-TSP-LEACH-K is shown in
Fig. 3:
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FIGURE 3. The process of the MDC-TSP-LEACH-K.

FIGURE 4. Radio modelof MDC-TSP-LEACH-K.

B. MDC-TSP-LEACH-K ENERGY MODEL
MDC-TSP-LEACH-K is an improvement of the LEACH-K
protocol [1]. LEACH-K adapts the energy model of
LEACH [4], as shown in Fig4.

If the distance is less than a threshold D, the free space
model (d2 power loss) is used; otherwise, the multi path
model (d4 power loss) is used. Or, for short distance trans-
mission, such as intra-cluster communication, the energy
consumed by a transmitting amplifier is proportional to d2

and for long distance transmission, such as inter-cluster
communication, the energy consumption is proportional
to d4. D is a threshold transmission distance where:

D =
√
εfs/
√
εAmp, (2)

Thus, if the transmitter sends a message of b bits to the
receiver until d distance, the required energy to transmit b
bits of data is modeled by (3):

ETransmitting = (Eele × b)+ εAmp × b× d2, (3)

where:
• Each SN is static and homogeneous.
• B is the number of transmitted bits.
• εfs is the power loss of free space.
• εAmp is the power multi path models.
• d is the distance between CH and MDC.
• Eele is The parameter Eelec is the per bit energy dissipa-
tions for transmission and reception.

The required energy to get B bits of data is modeled by (4):

EReceiving(B) = Eele × B, (4)

where:
• Eele is the energy required to operate electronic circuitry
of receiver.

Energy consumed during a data collection cycle is calcu-
lated in (5).

ERound = ETransmitting + EReceiving. (5)

IV. SIMULATION RESULTS AND ANALYSIS
To evaluate the performance of the proposed approach, it is
compared to various existing protocols that are based on QoS
criteria such as throughput and energy consumption in the
operate of CH as an aggregator. It aggregates the data received
from its nodes and sends it to the BS via the MDC. The
simulation of the proposed approach is done by using MAT-
LAB simulators. We chose MATLAB due to the facility of its
interface and the availability of the necessary functions pro-
grammed in advance such as the K-Means and grid functions.
Furthermore, the implementation of our mathematical model
is very easy on MATLAB because the MATLAB language
is a matrix language allowing the most natural expression of
computational mathematics.

Various parameters and factors are taken into consideration
while performing the simulation to enhance the network
performance. Our simulation is divided into two scenar-
ios. In the first scenario, we have evaluated MDC-TSP-
LEACH-K with hierarchical WSNs routing protocols such as
LEACH-K, which is one of the proposed enhanced versions
of LEACH. In particular, in this scenario, the position of the
BS is outside the area (0, 1.25). In the second step, we have
evaluated the simulation results of our proposed proto-
col MDC-TSP-LEACH-K with different protocols including
threshold-sensitive energy-efficient sensor network (TEEN),
LEACH, LEACH-K, LEACH-C, LEACH-G-K, Improved-
LEACH, Stable-Improved-LEACH, MhSa-LEACH, MDC
maximum residual energy leach and, MDC-K protocols,
which used K-means, MDC, TSP or Grid function in LEACH
for LS-WSNs. In particular, in this scenario, we have
increased the size of the area from 100*100 to 1000*1000.
Table 2 describes the simulation parameters to all scenarios.

1) FIRST SCENARIO
In these simulation scenarios, the SNs have 0.5 J battery
energy. We evaluate the following parameters in the TENN,
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TABLE 2. Simulation parameters.

FIGURE 5. Simulation throughput results of TENN, LEACH, LEACH-K,
LEACH-C, LEACH-G-K, Improved-LEACH, Stable-Improved-LEACH, MhSa-
LEACH, MDC maximum residual energy leach, MDC-K, and
MDC-TSP-LEACH-K protocols.

LEACH, LEACH-K, LEACH-C, LEACH-G-K, Improved-
LEACH, Stable-Improved-LEACH, MhSa-LEACH, MDC
maximum residual energy leach, MDC-K protocols, and our
proposed protocol MDC-TSP-LEACH-K. In this section,
we discuss the considered test scenario and the adopted per-
formance metrics. We present the results of simulation sce-
narios. These results are analyzed to make a tradeoff between
residual energy, throughput (packets received by the BS), and
latency as a function of K variation over 10000 rounds. One
hundred nodes were chosen to test the performance of their
improvement method against the MDC-TSP-LEACH-K pro-
tocol. Fig. 5 shows the throughput in each round of LEACH,
TENN, LEACH-K, LEACH-C, Improved-LEACH, Stable-
Improved-LEACH, MDC maximum residual energy leach,
MDC-K, MhSa-LEACH, LEACH-G-K protocols, and the
proposed protocol MDC-TSP-LEACH-K.

Fig. 5 illustrates the throughput variations of the proposed
MDC-TSP-LEACH-K protocol compared to the TENN,
LEACH, LEACH-K, LEACH-C, LEACH-G-K, Improved-
LEACH, Stable-Improved-LEACH, MhSa-LEACH, MDC
maximum residual energy leach and, MDC-K proto-
cols. The curves of Fig. 5 point out that integrating

FIGURE 6. Simulation lifetime results of LEACH, TENN, LEACH-K, LEACH-C,
Improved-LEACH, Stable-Improved-LEACH, MDC maximum distance leach,
MDC-K, MhSa- LEACH, LEACH-G-K protocols, and MDC-TSP-LEACH-K.

MDC by using the TSP algorithm increases through-
put significantly. We noticed that the throughput value
of MDC-TSP-LEACH-K in round 10000 is equal to
18910 packet/round compared to 18300 packet/round for
MDC-K protocol, 18110 packet/round of LEACH-K proto-
col, 16271 packet/round of MDC maximum distance leach
protocol, 16020 packet/round for MhSA-LEACH protocol,
15111packet/round of LEACH-G-K, 12046 packet/round
of Stable-Improved-LEACH protocol, 11199 packet/round
of Improved-LEACH protocol, 8747 packet/round of
LEACH-C, 8012 packet/round of the TEEN protocol, and
8001 packet/round of LEACH protocol. The proposed pro-
tocol increases the throughput value by minimizing the
distance between SB and CH with the K-Means algorithm
and reducing the latency time by using TSP in MDC.
Fig.5 shows that the number of packets received by the
sink for LEACH is very less than other protocols. The
comparison of MDC-LEACH-K-TSP and MDC-K showed
that MDC-LEACH-K-TSP is better than MDC-K from
2500 rounds. At 2500 rounds, the number of packets received
by the sink starts to deviate significantly from the previous
round. Moreover, MDC-TSP-LEACH-K protocol can play
a vital role to enhance reliability. Fig. 6 presents a com-
parison between the MDC-TSP approach TENN, LEACH,
LEACH-K, LEACH-C, LEACH-G-K, Improved-LEACH,
Stable-Improved-LEACH, MhSa-LEACH, MDC maximum
residual energy leach, and MDC-K protocols in terms of
lifetime.

As indicated in the above figures, our proposed
solution of MDC-TSP-LEACH-K improves the network
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FIGURE 7. The stability of the proposed approach compared to LEACH,
TENN, LEACH-K, LEACH-C, Improved-LEACH, Stable-Improved-LEACH,
MDC maximum distance leach, MDC-K, MhSa- LEACH, and LEACH-G-K
protocols.

FIGURE 8. Comparison between MDC-TSP-LEACH-K LEACH, LEACH, TENN,
LEACH-K, LEACH-C, Improved-LEACH, Stable-Improved-LEACH, MDC
maximum distance leach, MDC-K, MhSa- LEACH, and LEACH-G-K
protocols in terms of latency time.

lifetime with higher performances compared to LEACH,
TENN, LEACH-K, LEACH-C, Improved-LEACH, Stable-
Improved-LEACH, MDC maximum distance leach,
LEACH-G-K but it is less stable than MDC-K and
MhSa-LEACH protocols. It improves the sensor node’s
residual energy as well. Numerical results show that the
proposed method is able to decrease the sensor node’s
energy consumption. Fig. 7 presents the stability of the
proposed approach compared to LEACH, TENN, LEACH-K,
LEACH-C, Improved-LEACH, Stable-Improved-LEACH,
MDC maximum distance leach, LEACH-G-K but it is less
stable than MDC-K and MhSa-LEACH protocols.

The stability slightly increases from 207(rounds) in
Improved-LEACH to 499 (rounds) in LEACH to 584
(rounds) in LEACH-C to 603 (rounds) in Stable-Improved-
LEACH to 747 (rounds) in TEEN to 1329 (rounds) in
LEACH-G-K to 1399(rounds) in LEACH-K to 1917 (rounds)
in MDC maximum distance leach to 1992(rounds) in MDC-
TSP-LEACH-K to 2000 (rounds) in MhSa-LEACH to 2008
5rounds) to MDC-K. We notice that our protocol is less
stable than MhSa-LEACH and MDC-K protocols. Fig. 8
presents a comparison between LEACH, TENN, LEACH-K,
LEACH-C, Improved-LEACH, Stable-Improved-LEACH,
and MDC maximum distance leach protocols in terms of
latency time.

FIGURE 9. MDC-TSP-LEACH-K LEACH, LEACH, TENN, LEACH-K, LEACH-C,
Improved-LEACH, Stable-Improved-LEACH, MDC maximum distance leach,
MDC-K, MhSa-LEACH, and LEACH-G-K protocols in terms of stability,
latency time, lifetime, and throughput in different area sizes.

58206 VOLUME 10, 2022



R. Gantassi et al.: Enhancing QoS and Residual Energy

TABLE 3. The comparison analysis of QoS criteria of our protocol and some similar protocols in the literature.
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TABLE 3. (Continued.) The comparison analysis of QoS criteria of our protocol and some similar protocols in the literature.

As shown in Fig. 8, whenwe used our approach, the latency
time also increases to 35,16 (ms) fromMDC-TSP-LEACH-K
protocol compared to 232,07 (ms) in LEACH proto-
col, 174,08 (ms) from LEACH-C protocol, 151,002(ms)
from TEEN protocol, 137,56(ms) from Stable-Improved-
LEACHprotocol, 117,67 (ms) fromMhSa- LEACHprotocol,
92,07 (ms) from LEACH-K protocol and 84,1 (ms) from
LEACH-G-K protocol, 61,27 (ms) from MDC maximum
distance leach, 50,001 (ms) from MDC-K. Based on the
experimental results, we conclude that our MDC-TSP-
LEACH-K protocol is the best solution to reduce the

latency time compared to the LEACH protocol and their
improvement.

2) SECOND SCENARIO
Since LS-WSNs are very developed nowadays, in the sec-
ond scenario, the effectiveness of our proposed protocol
TSP-LEACH-K in LS-WSNs is also tested. Specifically,
we have evaluated the QoS criteria values in different
area sizes. Fig.9 presents a comparison between MDC-
TSP-LEACH-K LEACH, LEACH, TENN, LEACH-K,
LEACH-C, Improved-LEACH, Stable-Improved-LEACH,
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TABLE 4. The comparison analysis of reliability for cluster head election and clustering of our protocol and some clustering protocols in the literature.

MDC maximum distance leach, MDC-K, MhSa-LEACH,
and LEACH-G-K protocols in terms of stability, latency time,
lifetime, and throughput in different area sizes.

It is shown in Fig. 9 that when the area size increased, the
lifetime, throughput, and stability decreased slightly, which
indicates that the benefits of our protocol stay almost stable
with a large area. For example, the latency also increases
from 35.16 (ms) in an area size (100, 100) to 38.98 (m) in an
area size (1500, 1500). The throughput decreases from 18910
(packets/ rounds) in a (100, 100) size area to 18667 (packets/
rounds) in a (1500, 1500) size area. The lifetime decreases
from 7321 (rounds) in a (100, 100) size area to 6933 (rounds)
in a (1500, 1500) size area. The throughput decreases from
18910 (packets/ rounds) in a (100, 100) size area to 18667
(packets/ rounds) in a (1500, 1500) size area. The stability
decreases from 2008 (rounds) in a (100, 100) size area to
1932 (rounds) in a (1500, 1500) size area. According to its
results, we conclude that our MDC-TSP-LEACH-K is the
better solution for LS-WSN.

To assess the effectiveness of our MDC-TSP-LEACH-K
protocol in improving theQoS of the routing protocol, Table 3
provides a comparison of our protocol and some similar
protocols in the literature.

As illustrated in Table 3, several protocols have been
proposed to improve the LEACH protocol. For example,
LEACH-G-K, LEACH-K, and MDC-K protocols are pro-
posed to improve all QoS metrics. In addition, MDC-TSP-
LEACH-K also improved the lifetime, latency, stability, and
throughput. However, LEACH-G-K and LEACH-K was not
useful for LS-WSNs. Our protocol is better than LEACH-
G-K, MDC-K, MDC maximum residual energy leach, and
Stable-Improved-LEACH because it improves all QoS cri-
teria for LWSNs. The combination of K-Means, Grid, TSP,

and MDC approaches improves all QoS criteria of LEACH,
LEACH-G-K, and LEACH-K protocols LS-WSNs.

In our approach, we have chosen the SN where its position
is close to the centroid i.e. the center of each grid cluster
and therefore the distance between the CH and the SNs is
very small and therefore the CH does not consume a lot of
energy and therefore the communication between the CH
and the SNs is very reliable. Otherwise all CHs will be
moved on the same trajectory of all K-Means cluster which
facilitates the movement of MDC also via TSP the MDC will
be chosen the CH closest to their position. so less movement
and less energy consumption is required and the risk of falling
the CH battery failure is low and subsequently we can say that
our approach is very reliable.

To assess the effectiveness of our MDC-TSP-LEACH-K
protocol in improving the reliability of the routing proto-
col,table 4 provides a comparison of our protocol and some
similar protocols in the literature.

V. CONCLUSION
In this paper, a new hybrid protocol called MDC-TSP-
LEACH-K, which is a combination of LEACH-G-K, TSP,
and MDC approach, had been proposed to improve LEACH
protocol aggregation. To be more precise, MDC-TSP-
LEACH-K used the grid, and K-Means algorithms to mini-
mize the energy consumption during the CH election phase.
Furthermore,MDCwas used as the intermediary between CH
and sink in order to improve the QoS criteria of LS-WSNs
again, reduce the latency during data collection, and pro-
long the network lifetime in the LS-WSNs. Our simulation
results showed that MDC-TSP-LEACH-K had a significant
impact on QoS metrics, and energy consumption. Specif-
ically, this protocol provided considerable enhancement in
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terms of residual energy, throughput, latency, and stability
gains more than LEACH, TENN, LEACH-K, LEACH-C,
Improved-LEACH, Stable-Improved-LEACH, MDC maxi-
mum distance leach, LEACH-G-K but it is less stable than
MDC-K and MhSa- LEACH protocols.
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