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Abstract
A new data-gathering mechanism is developed for large-scale 
wireless sensor networks by introducing mobility into the network. 
A mobile data collector could be a mobile robot or a vehicle 
equipped with a powerful transceiver and battery, working like a 
mobile base station and gathering data while moving through the 
field. An M-collector starts the data-gathering tour periodically 
from the static data sink, polls each sensor while traversing its 
transmission range, then directly collects data from the sensor 
in single-hop communications, and finally transports the data to 
the static sink. Since data packets are directly gathered without 
relays and collisions, the lifetime of sensors is expected to be 
prolonged. The main focus is on minimizing the length of each 
data-gathering tour. For the applications with strict distance/ time 
constraints, utilizing multiple M-collectors and propose a data-
gathering algorithm where multiple M-collectors traverse through 
several shorter sub-tours concurrently to satisfy the distance/
time constraints. It has been known that data routing can cost 
significant energy expenditure in sensor networks with a flat 
topology. To overcome this problem, a hierarchy to the network 
have been introduced. To make a data-collecting scheme suitable 
to various network topologies, it is more realistic and efficient to 
plan the moving of the mobile observers dynamically based on the 
distribution of sensors. Single-hop mobile data-gathering scheme 
can improve the scalability and balance the energy consumption 
among sensors. It can be used in both connected and disconnected 
networks. The proposed data-gathering algorithm can shorten 
the moving distance of the collectors and is close to the optimal 
algorithm for small networks.
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I. Introduction
Wireless Sensor Networks (WSNs) have emerged as a new 
information-gathering paradigm in a wide range of applications, 
such as medical treatment, outer-space exploration, battlefield 
surveillance, emergency response, etc. Sensor nodes are usually 
thrown into a large-scale sensing field without a preconfigured 
infra-structure. Before monitoring the environment, sensor nodes 
must be able to discover nearby nodes and organize themselves 
into a network. Most of the energy of a sensor is consumed on 
two major tasks: sensing the field and uploading data to the data 
sink. Energy consumption on sensing is relatively stable because 
it only depends on the sampling rate and does not depend on the 
network topology or the location of sensors. On the other hand, the 
data-gathering scheme is the most important factor that determines 
network lifetime. Although applications of sensor networks may 
be quite diverse, most of them share a common feature. Their 
data packets may need to be aggregated at some data sink. In a 
homogeneous network where sensors are organized into a flat 
topology, sensors close to the data collector consume much more 
energy than sensors at the margin of the network, since they need to 
relay many packets from sensors far away from the data collector. 

As a result, after these sensors fail, other sensors cannot reach the 
data collector and the network becomes disconnected, although 
most of the nodes can still survive for a long period. Therefore, 
for a large-scale data-centric sensor network, it is inefficient to use 
a single static data sink to gather data from all sensors. In some 
applications, sensors are deployed to monitor separate areas. In 
each area, sensors are densely deployed and connected, whereas 
sensors that belong to different areas may be disconnected. Unlike 
fully connected networks, some sensors cannot forward data to the 
data sink via wireless links. A mobile data collector is perfectly 
suitable for such applications. A mobile data collector serves as 
a mobile “data transporter” that moves through every community 
and links all separated sub-networks together. The moving path of 
the mobile data collector acts as virtual links between separated 
sub-networks. Sensing data are generally collected at a low rate 
and is not so delay sensitive that it can be accumulated into fixed-
length data packets and uploaded once in a while. To provide 
a scalable data-gathering scheme for large-scale static sensor 
networks, we utilize mobile data collectors to gather data from 
sensors. Specifically, a mobile data collector could be a mobile 
robot or a vehicle equipped with a powerful transceiver, battery, 
and large memory. The mobile data collector starts a tour from 
the data sink, traverses the network, collects sensing data from 
nearby nodes while moving, and then returns and uploads data to 
the data sink. Since the data collector is mobile, it can move close 
to sensor nodes, such that if the moving path is well planned, the 
network lifetime can be greatly prolonged. Here, network lifetime 
is defined as the duration from the time sensors start sending data 
to the data sink to the time when a certain percentage of sensors 
either run out of battery or cannot send data to the data sink due 
to the failure of relaying nodes. In the following, for convenience, 
we use M-collector to denote the mobile data collector.

II. Related Works
It has been widely known that data routing can cost significant 
energy expenditure in sensor networks with a flat topology. 
To overcome this problem, some works in the literature have 
introduced a hierarchy to the network. In such a network, sensor 
nodes are organized into clusters and form the lower layer of the 
network. At the higher layer, cluster heads collect sensing data 
from sensors and forward data to the outside data sink. In general, 
such two-layered hybrid networks are more scalable and energy-
efficient than homogeneous sensor networks. In [1], it proposes 
the hierarchical (clustering) techniques that can aid in reducing 
useful energy consumption. Clustering is particularly useful for 
applications that require scalability to hundreds or thousands of 
nodes. Scalability in this context implies the need for load balancing 
and efficient resource utilization. Applications requiring efficient 
data aggregation (e.g., computing the maximum detected radiation 
around an object) are natural candidates for clustering. Routing 
protocols can also employ clustering. Clustering was proposed as 
a useful tool for efficiently pinpointing object locations. Clustering 
can be extremely effective in one-to-many, many-to- one, one-
to-any, or one-to-all (broadcast) communication. For example, in 
many-to-one communication, clustering can support data fusion 
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and reduce communication interference. The essential operation 
in sensor node clustering is to select a set of cluster heads among 
the nodes in the network, and cluster the rest of the nodes with 
these heads. Cluster heads are responsible for coordination among 
the nodes within their clusters (intra-cluster coordination), and 
communication with each other and for with external observers 
on behalf of their clusters (inter-cluster communication). Nodes 
transmit their information to their cluster heads. A cluster head 
aggregates the received information and forwards it over to the 
observer. Periodic re-clustering can select nodes with higher 
residual energy to act as cluster heads. Network lifetime is 
prolonged through (i) reducing the number of nodes contending 
for channel access, (ii) summarizing network state information 
and updates at the cluster heads through intra-cluster coordination, 
and (iii) routing through an overlay among cluster heads which 
has a relatively small network diameter. 
[2] proposes the Max-Min heuristic that only considers bidirectional 
links. It is assumed the MAC layer will mask unidirectional links 
and pass bidirectional links to Max-Min. Beacons could be used to 
determine the presence of neighbouring nodes. After the absence 
of some number of successive beacons from a neighbouring node, 
it is concluded that the node is no longer a neighbour. The Multiple 
Access with Collision Avoidance (MACA) protocol may be used to 
allow asynchronous communication while avoiding collisions and 
retransmissions over a single wireless channel. All nodes broadcast 
their node identity periodically to maintain neighbourhood identity. 
In [3], radio-tagged zebras and whales were used as mobile nodes 
to collect sensing data in a wild environment. These animal-based 
nodes randomly wander in the sensing field and exchange sensing 
data only when they move close to each other. Thus, sensor nodes 
in such a network are not necessarily connected all the time. 
Moreover, the mobility of randomly moving animals is hard to 
predict and control; thus, the maximum packet delay cannot be 
guaranteed. [4] presents and analyses architecture to collect sensor 
data in sparse sensor networks. Our approach exploits the presence 
of mobile entities (called MULES) present in the environment. 
MULEs pick up data from the sensors when in close range, buffer 
it, and drop off the data to wired access points. This can lead to 
substantial power savings at the sensors BS they only have to 
transmit over a short range. This focuses on a simple analytical 
model for understanding performance as system parameters are 
scaled. Our model assumes two-dimensional random walk for 
mobility and incorporates key system variables such as number 
of MULEs, sensors and access points. The performance metrics 
observed are the data success rate (the fraction of generated data 
that matches the access points) and the required buffer capacities 
on the sensors and the MULEs. Thus MULEs can pick up data 
from sensors when in close range, buffer it, and drop off the data 
to wired access points when in proximity. 
In [5], a data-gathering scheme was proposed to minimize the 
maximum average load of a sensor by jointly considering the 
problems of movement planning and routing. Although many 
energy efficient/conserving routing protocol have been proposed 
for wireless sensor networks, the concentration of data traffic 
towards a small number of base stations remains a major threat 
to the network lifetime. The main reason is that the sensor nodes 
located near a base station have to relay data for a large part of 
the network and thus deplete their batteries very quickly. The 
solution proposed in this paper suggests that the base station be 
mobile; in this way, the nodes located close to it change over 
time. Data collection protocols can then be optimized by taking 
both base station mobility and multi-hop routing into account. 

Based on the assumption that sensors are distributed according to 
a Poisson process, the average load of a sensor can be estimated 
as a function of the node density. In [6], mobile observers in 
sensor networks were also considered. An algorithm to schedule 
the mobile observer was proposed in [6], so that there is no data 
loss due to the buffer overflow. In the case of wireless sensor 
networks, mobile elements are deliberately built into the system 
to improve the lifetime of the network, and act as mechanical 
carriers of data. The mobile element, which is controlled, visits 
the nodes to collect their data before their buffers are full. 
In [7], an offline heuristic algorithm was proposed to compute 
the periodic trajectories of mobile base stations according to 
the data generation rates of sensors and their locations. In this 
mobility-based communication proposals for WSNs are discussed. 
Mobility based communication can prolong the lifetime of WSNs 
and increase the connectivity of sensor nodes and clusters. A new 
approach is introduced to compute the mobile device trajectories 
in sparse WSNs where data generation rates of sensors are known. 
Among the open research problems, real-time solutions that result 
in low mobile device speeds and cooperation between multiple 
mobile devices stand out as challenges that have significant 
impact. The work in [8] discussed the event-collection problem by 
leveraging the mobility of the sink node and the spatial–temporal 
correlation of the events, in favour of maximizing the network 
lifetime with a guaranteed event-collection rate. Thus, it is more 
energy-efficient if the mobile sink can selectively communicate 
with only a portion of static sensors, while still collecting all the 
interested events. In this, only one mobile sink is exploited for 
event collection.
In [9], a stochastic compressive data-collection protocol for mobile 
WSNs, named SMITE, was presented. SMITE consists of three 
parts: 1) random collector election; 2) stochastic direct transmission 
from common nodes to collectors when common nodes are in the 
collectors’ transmission range; and 3) angle transmission from 
collectors to the mobile sink when collectors gather enough data 
using a predictive method. The paper proposes SMITE, a novel 
data collection protocol for MWSNs. The theoretical results 
show that all data from the common nodes can be transmitted 
to the collectors with a high probability and gathered data on 
the collectors can also be forwarded to the mobile sink with a 
high probability. The collectors use bloom filters to compress 
received data. In [10], a protocol to minimize the overall network 
overhead and energy expenditure associated with the multi-hop 
data retrieval process was proposed. Sensors are organized into 
clusters, and each cluster head performs data filtering upon raw 
data exploiting potential spatial–temporal data redundancy and 
forwards the filtered information to appropriate end nodes with 
sufficient residual energy, located in proximity to the mobile 
sink’s trajectory. In [11], the trade-off between energy saving 
and data-gathering latency in mobile data gathering was studied 
by exploring a balance between the relay hop count of local data 
aggregation and the moving tour length of the mobile collector. 
Two algorithms were correspondingly proposed, in which a subset 
of sensors is selected as polling points to buffer locally aggregated 
data and upload the data to the mobile collector when it arrives. 
Meanwhile, when sensors are affiliated with these polling points, 
it is guaranteed that any packet relay is bounded within a given 
number of hops. 
In [12], a heterogeneous and hierarchical architecture was proposed 
for the deployment of WSNs with mobile sinks for large-scale 
monitoring, where the sensors transmit their sensing data to the 
gateway nodes for temporary storage through multi-hop relays 
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and the mobile sinks travel along predetermined trajectories to 
collect data from nearby gateway nodes. Under this data-gathering 
paradigm, the capacitated minimum forest problem was studied, 
and approximate algorithms were devised for instances where all 
gateways have uniform and arbitrary capacities, respectively. 
In [13], an adaptive data-harvesting approach was proposed 
for mobile-agent-assisted data collection in WSNs inspired by 
behavioural ecology. By using the marginal value theorem, the 
entire sensor field was divided into small patches, and thecorrelated 
data were gathered from each patch. The mobile agent utilized 
spatial correlation of the interested data to precisely build the 
probabilistic model to achieve the optimization for accuracy and 
resource consumption. From the preceding discussions, we can see 
that to make a data-collecting scheme suitable to various network 
topologies, it is more realistic and efficient to plan the moving tour 
of the mobile observers dynamically based on the distribution of 
sensors. This is the main motivation of this work.

III. Preliminaries
The data-gathering problem is that M-collector can visit the 
transmission range of every static sensor, such that sensing data 
can be collected by a single-hop communication without any relay. 
While an M-collector is moving, it can poll nearby sensors one by 
one to gather data. Upon receiving the polling message, a sensor 
simply uploads the data to the M-collector directly without relay. 
We define the positions where the M-collector polls sensors as 
polling points.

When an M-collector moves to a polling point, it polls nearby 
sensors with the same transmission power as sensors, such that 
sensors that receive the polling messages can upload packets to 
the M-collector in one hop. After gathering data from sensors 
around the polling point, the M-collector moves directly to the 
next polling point in the tour. Thus, each data-gathering tour of an 
M-collector consists of a number of polling points and the straight 
line segments connecting them. Thus, each data-gathering tour 
of an M-collector consists of a number of polling points and the 
straight line segments connecting them. For example, let P = {p1, 
p2, . . . , pt} denote a set of pollingpoints and DS be the data sink. 
Then, the moving tour of the M-collector can be represented by 
DS→p1→p2→・・・→pt → DS. Thus, the problem of finding 
theoptimal tour can be considered as the problem of determining 
the locations of polling points and the order to visit them.
Before an M-collector starts a data-gathering tour, it needs to 
determine the positions of all polling points and which sensors 
it can poll at each polling point. We define the neighbor set of 
a point in the plane as the set of sensors that can upload data to 
the M-collector directly without relay, if the M-collector polls 
sensors at this point. Since the M-collector can only collect data at 
polling points, each sensor must be in the neighbor set of at least 
one polling point to upload data without relay. In other words, the 
union of neighbor sets of all polling points must cover all sensorsin 
some existing work, the transmission range of an omnidirectional 
antenna was simply assumed to be a disk-shaped area around the 
transceiver.

Fig. 1: Examples of Polling Points, Neighbour Sets, and Candidate Polling Point Set.

Based on this assumption, given a point in the plane, the neighbor 
set of this point consists of all sensors within the disk-shaped area 
around this point. However, due to the uncertainties of a wireless 
environment, such as signal fading, reflection from walls and 
obstacles, and interference, it is hard to estimate the boundary of 
the transmission range without real measurement. Therefore, in 
practice, it is almost impossible to obtain the neighbor set of an 
unknown point, unless the M-collector has moved to this point 
and tested wireless links between it and its one-hop neighbors, or 
a sensor has been placed at this point and acquired all its one-hop 
neighbors during the neighbor discovering phase. Thus, it is only 
possible to test a finite number of points and their corresponding 
neighbor sets in the plane, and we must select polling points from 
this finite set of points, which we refer to as the candidate polling 
point set. If the connection pattern of sensors can be obtained, or 
in other words, we know the one-hop neighbors of every sensor, 
the position of each sensor can be a candidate polling point, since 
the neighbor set of this point is already known. However, the 
connection pattern may not always be availablebefore sending 
out M-collectors, unless the network is completely connected so 
that the connection pattern can be reported to the data sink via 
wireless transmissions. To obtain the candidate polling points 

without the information on the connection pattern, after sensors 
are deployed, one or more M-collectors need to explore the entire 
sensing field. While exploring, each M-collector can broadcast 
“Hello” messages periodically with the same transmission power 
as sensors. Each sensor that can decode the “Hello” message 
correctly replies with an“ACK” message to notify the M-collector 
where it is. Upon receiving the “ACK” message from the sensor, 
the M-collector marks its current location as a candidate polling 
point and adds the ID of the sensor into the neighbor set of 
this candidate polling point. Thus, all wireless links between 
sensors and the M-collector at the candidate polling points are 
bidirectional tested. In addition, each sensor can also discover its 
one-hop neighbors by broadcasting the “Hello” messages during 
the neighbor discovering phase. After the sensor reports the IDs 
of its one-hop neighbors to the M-collector by including the 
information into the “ACK” message, the position of the sensor 
can also become a candidate polling point. In fig. 1, we illustrate 
the definition of polling points, neighbor set, and candidate polling 
point set by an example, where there are four sensors s1, s2, s3, 
and s4 deployed at positions l1, l2, l3, and l4, respectively. During 
the exploration phase, the M-collector discovers the neighbor sets 
of l5 and l6 by broadcasting “Hello” messages at these points. 
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Thus, l5 and l6 can be added into the candidate polling point set. 
Since sensors s1, s2, s3, and s4 also report their one-hopneighbors 
to the M-collector by sending “ACK” to the M-collector, l1, l2, l3, 
and l4 also become candidate polling points. In fig. 3.1, if there 
is a wireless link between sensor si and position lj, we say si that 
belongs to the neighbor set of lj, where si∈{s1, s2, s3, s4} and lj∈ 
{l1, l2, . . . , l6}. Thus,candidate polling point set L = {l1, l2, . . . , 
l6}; neighbor sets of l1, l2, and l5 are {s1, s2};and neighbor sets of 
l3, l4, and l6 are {s3, s4}. In summary, a candidate polling pointset 
can contain two types of points in the plane: the positions where 
sensors are deployed and the points where the M-collector has 
tested the wireless links between it and its one-hop neighbors. 
After the discovering phase, we assume that each sensor has 
knowledge of all its one-hop neighbors and the M-collector 
acquires the information about the neighbor set of each polling 
point. Unlike in a multi-hop homogeneous network M-collectors 
and sensors operate in a server–client mode, and sensors do not 
need to overhear the channel all the time to relay packets from 
their neighbors. Once an M-collector moves to a polling point, it 
can send a beep to wake up the transceiver of the nearby sensors, 
gather data from sensors, and put sensors into sleep again.

IV. Single Hop Data Gathering
Here, we consider the problem of finding the shortest moving tour 
of an M-collector that visits the transmission range of each sensor. 
The positions of sensors are either the polling points in the data-
gathering tour or within the one-hop range of the polling points.
M-collectors move at a fixed speed and ignore the time for making 
turns and data transmission, such that we can roughly estimate the 
time of a data-gathering tour by the tour length. Clearly, by moving 
through the shortest tour, data can be collected in the shortest time 
such that the users will have the most up-to-date data. We refer to 

this as the single-hop data-gathering problem (SHDGP).

V. Heuristic Algorithms For Single-Hop Data-Gathering 
Problem
The SHDGP is NP-hard, we will now develop a heuristic algorithm 
to solve the problem approximately. The basic idea behind our 
proposed greedy algorithm is to choose a subset of points from 
the candidate polling point set, each of which corresponds to a 
neighbor set of sensors. At each stage of the algorithm, a neighbor 
set of sensors can be covered when its corresponding candidate 
polling point is chosen as a polling point in the data-gathering tour.
The algorithm will terminate after all sensors are covered. 
The algorithm tries to cover each uncovered neighbour set of 
sensors with the minimum average cost at each stage, where the 
“cost” will be formally defined later. After obtaining all the polling 
points, the data-gathering tour can be easily obtained by running 
any approximate algorithm for the TSP. It is interesting to note that 
in a special case of the SHDGP, when each neighbour set contains 
only one sensor and no two neighbour sets contain the same sensor, 
our greedy algorithm is exactly the same as Prim’s algorithm for 
the minimum spanning tree problem, since the M-collector has to 
visit every candidate polling point to cover all sensors. Thus, we 
name our greedy algorithm the spanning tree covering algorithm. 
In figure 2, an example of the spanning tree covering algorithm is 
illustrated. In the figure, starting from the data sink, the M-collector 
chooses p1 as the first polling point, since compared with other 
candidate polling points, the uncovered sensors in the neighbour 
set of p1 can be covered with the smallest average cost d1/3. Next, 
p2 and p3 will be picked as the second and third polling points 
with the average cost d2/3 and d3/3, respectively. After that, the 
shortest tour can be approximated on all chosen polling points 
and the data sink, as shown in fig. 2(d).

Fig. 2: Spanning Tree Covering Algorithm. (a) Neighbour Set of p1 is covered with the average cost d1/3. (b) Neighbour set of p1 is 
covered with the average cost d2/3. (c) Neighbour set of p1 is covered with the average cost d3/3. (d) Data-gathering tour obtained 
by the spanning tree covering algorithm.

VI. Data Gathering With Multiple M-Collectors
For some large-scale applications, each data-gathering tour 
may take such a long time that a single M-collector may not be 
sufficient to visit the transmission ranges of all sensors before 
their buffers overflow. A possible solution to this problem is to 
allow some sensors to relay packets from other nodesto the mobile 
data collector. Thus, the M-collector does not need to visit the 
transmission range of every single sensor, and the length of each 
tour can be reduced. However, the drawbacks of using relay is 
that some relaying nodes may fail faster than others. To avoid 
unbalanced network lifetime, we will stay with the one-hop data-

gathering scheme by utilizing multiple M-collectors.
A straightforward way to deal with the tour planning problem 
of multiple M-collectors can be borrowed from the traditional 
delivery vehicle routing problem, where a number of trucks are 
sent out from the facility centre, and each of them moves through 
a sub-tour, delivers packages home by home, and finally returns 
to the facility centre before the centre is closed.
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Fig. 3: Data gathering with multiple M-collectors (a) Build the spanning covering tree. (b) Decompose the spanning covering tree 
into a set of sub-trees. (c) Find an approximate shortest tour on points of each sub-tree. (d) Sensing data collected from sensors are 
forwarded to the nearest M-collector to the data sink.

The problem of finding a set of delivery sub-tours so that the 
number of trucks can be minimized is called the multiple TSP 
(MTSP), which is known to be NP-hard. Different from delivery 
trucks, M-collectors can gather data remotely via wireless links 
without visiting the “home” of every sensor.
Given the distance/time constraint of each sub-tour to prevent 
buffers from overflowing, the problem we consider here is to 
find a set of data-gathering sub-tours such that the number of 
M-collectors can be minimized. If we force every M-collector to 
visit the data sink at least once in each tour like delivery trucks, the 
problem can be reduced to the MTSP by retracting the transmission 
range of any sensor to zero. Furthermore, in very large scale 
networks, some sensors may be deployed so far away from the 
data sink that the round-trip time of the longest data-gathering 
tour exceeds the time constraint for filling the buffer of a sensor. 
Thus, if all M-collectors have to visit the data sink, even if there 
are enough M-collectors, a feasible set of sub-tours cannot always 
be found.
Fortunately, unlike delivery vehicles, any two M-collectors 
can exchange their “goods” (data) via wireless links without 
meeting each other physically, which makes it possible for 
M-collectors far away from the data sink to upload data to the 
data sink through the relays of other M-collectors rather than 
visit the data sink themselves.In our data-gathering scheme with 
multiple M-collectors, only one M-collector needs to visit the 
transmission range of the data sink. As shown in fig. 3(b)–(d), 
the entire network can be divided into sub-networks. In each sub-
network, an M-collector isresponsible for gathering data from local 
sensors in the subarea. Once in a while, the M-collector forwards 
the sensing data to one of the other nearby M-collectors, when two 
M-collectors move close enough. Finally, data can be forwarded 
to the M-collector that will visit the data sink via relays of other 
M-collectors. In fig. 3(d), all data are forwarded to M-collector 
1 from other M-collectors, and then, M-collector 1 carries and 
uploads data to the data sink. There are some interesting issues 
here, such as how to relay the packets to the data sink energy 

efficiently, how to schedule the movement of M-collectors to 
reduce the packet delay, and so on. In this, we will focus on 
how to plan the sub-tours of multiple M-collectors to minimize 
the number of M-collectors. The data-gathering algorithm with 
multiple M-collectors can be described as follows. First, find the 
polling point set by running the spanning tree covering algorithm. 
Then, find the minimum spanning tree on polling points. We refer 
to the minimum spanning tree on polling points as the spanning 
covering tree.
Two cases are also considered under this work. The first one is 
that if any one of the mobile collector fails to deliver the data 
collected to the base station due to battery failure or some other 
reasons, then any one of the alive mobile collectors near to the 
failed one will collect the data from them and deliver it to the base 
station. The second one is that if the polling point fails to collect 
data from its sub-nodes due to failure of any of the sub-nodes in 
the shortest path then a new path will be selected and data will be 
transferred to the polling point through the new path.

VII. Conclusion
A mobile data-gathering scheme for large-scale sensor networks 
has been introduced. A mobile data collector, called an M-collector, 
which works like a mobile base station in the network is also 
introduced. An M-collector starts the data-gathering tour 
periodically from the static data sink, traverses the entire sensor 
network, polls sensors and gathers the data from sensors one by 
one and finally returns and uploads data to the data sink. This 
mobile data-gathering scheme improves the scalability and solves 
intrinsic problems of large-scale homogeneous networks. By 
introducing the M-collector, data gathering becomes more flexible 
and adaptable to the unexpected changes of the network topology. 
In addition, data gathering by M-collectors is perfectly suitable 
for applications, where sensors are only partially connected. For 
some applications in large scale networks with strict distance/
time constraints for each data-gathering tour, introduced multiple 
M-collectors by letting each of them move through a shorter sub-
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tour than the entire tour. The simulation results demonstrate that 
proposed data-gathering scheme can greatly reduce the moving 
length and is close to the optimal algorithm in small networks. 
In addition, it can prolong the network lifetime significantly 
compared with the scheme that has only a static data collector 
and the scheme in which the mobile data collector can only move 
along straight lines.
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