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Abstract— There are typical applications where only periodic patrol inspections are sufficient instead of continuous
monitoring like in traditional coverage. This periodic monitoring is termed as sweep coverage. In the sweep coverage scenario
deployment of static sensor nodes may partially solve the purpose but it suffers from poor efficiency and unnecessary extra
overhead. Moreover static sensor network suffers from static sink neighborhood problem as in static sensor network all sensing
data from the sensors are relayed to the sink node (base station) through multi hop. As a result, the sensors near to the sink
node become the bottleneck since they have to relay the data of other nodes. Once they die, the sink disconnects from the rest
of the network while the rest of sensors are still fully operational with sufficient residual energy. To overcome this problem in
our work, we proposed Mobile Sink Wireless Sensor Network (MSWSN). We assume that the given region is Rectangular and
our aim is to do Sweep Coverage for Boundary of the Region. In Wireless sensor network Sensor node has fixed
communication range ( let D be the communication range then Sensor node will cover all the points which lie within D
distance from it in all directions ) and therefore to guarantee the coverage of Boundary Mobile sink will not traverse whole of
the boundary but visit certain points in the Boundary known as points to Visit ( P1, P2, ----- Pn ). Points to Visit ( P1, P2, -----
Pn ) are to be chosen in such a way that every boundary point lie within the communication range of Mobile sink from at least
one points to Visit ( P1, P2, ----- Pn ) and Mobile Sink must visit every edge of the boundary during traversal. Keeping above
coverage conditions in mind our main objective is to choose points to Visit ( P1, P2, ----- Pn ) in such a way that the overall
length of closed path travelled by the Mobile sink to collect the data is minimum.

Keywords— Sweep coverage problem; Area sweep coverage; Point sweep coverage; convex hull algorithm; Tessellation.

L. INTRODUCTION energy.
Depending upon the type of coverage sweep coverage can

Coverage in wireless sensor networks (WSNs) have been . .
be categorized in three types.

widely studied for different monitoring applications. It has
been an active and important research topic, evidenced by
many research contributions to this field in recent years. On
the basis of monitoring Coverage problems are broadly
categorized in two types. First one is continuous coverage
and other is sweep coverage. In continuous coverage \ ¢
continuous monitoring with static sensor nodes is required. y
There are typical applications where only periodic patrol —( ==

inspections are sufficient instead of continuous monitoring ( —\ 5
like in traditional coverage. This type of coverage problem
is called sweep coverage in which periodic monitoring is
done .In the sweep coverage scenario deployment of static
sensor nodes may partially solve the purpose but it suffers
from poor efficiency and unnecessary extra overhead.
Moreover static sensor network suffers from static sink
neighborhood problem as in static sensor network all
sensing data from the sensors are relayed to the sink node
(base station) through multi hop. As a result, the sensors _ Y
near to the sink node become the bottleneck since they have Pk e i, T
to relay the data of other nodes. Once they die, the sink 2
disconnects from the rest of the network while the rest of
sensors are still fully operational with sufficient residual Fig.2: Area sweep coverage

1. Point coverage : Set of discrete points as shown in Fig.1
are to be covered

Fig.1: Point sweep coverage

2. Area coverage: Whole of the given region as shown in
Fig.2 is to be covered
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3. Boundary coverage: Boundary of the given region as shown in
Fig.3 is to be covered

Fig.3: Boundary sweep coverage

To overcome this problem in our work, we proposed
Mobile Sink Wireless Sensor Network (MSWSN). We
assume that the given region is Rectangular and our aim is
to do Sweep Coverage for Boundary of the Region. In
Wireless sensor network Sensor node (Mobile Sink) has
fixed communication range( let D be the communication
range then Sensor node will cover all the points which lie
within D distance from it in all directions ) and therefore to
guarantee the coverage of Boundary Mobile sink will not
traverse whole of the boundary but visit certain points in the
Boundary known as points to Visit ( P1, P2, --—--- Pn ).
Points to Visit ( P1, P2, ---—-- Pn ) are to be chosen in such a
way that every boundary point lie within the
communication range of Mobile sink from at least one
points to Visit ( P1, P2, ----- Pn ) and Mobile Sink must
visit every edge of the boundary during traversal. Keeping
above coverage conditions in mind our main objective is to
choose points to Visit ( P1, P2, ----- Pn ) in such a way that
the overall length of closed path travelled by the Mobile
sink to collect the data is minimum.

Rest of the paper is structured as follows: In section II,
algorithm of Sweep Coverage for Boundary of Rectangular
Region Using Geometric Approach is presented. The
conclusion and Future work are presented in section III.

II. PROPOSED APPROACH

A. ASSUMPTIONS

We assume that the given region is Rectangular as shown in
Fig 4 and Mobile Sink must visit every edge of the
boundary during traversal

V3 V2

v4 V1
Fig.4: Rectangular region
Keeping above coverage conditions in mind our main
objective is to choose points to Visit ( P1, P2, ----- Pn)in

such a way that the overall length of closed path travelled
by the Mobile sink to collect the data is minimum .
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Algorithm 1: Algorithm For Selection of Points to Visit

Symbol Description
Vi, Vv2,V3,V4 Corner vertices of rectangular region
|V Vil Length Of edge between vertices V; | V;
D communication range of mobile sink

If (|V1V2| && |V2V3| > 2D) Lemma?2

In every edge points to visit is D distance far from its end vertices.

Elself | [V1V2[<2D && [V2V3|>2 (D+/D2- 12 /| Lemma3
\ 1
In edge VIV2 point to visit is mid point of VIV2
Tn adas VAV natnt 44 etk 1 mitd naintd of VAV A
L1 eURE Vo Ve POILL L0 VISIU IS LU POLIL UL Vo V4
In edge V2V3 distance of point to visit from end vertices is D+y/ D - %
In edge V4V1 distance of point to visit from end vertices is D+y/ D2 - %
Elself | | V2V3[<2D &&|VIV2[>2 [ D+4/D2- 22 // Lemma3
y I
In edge V2V3 point to visit is mid point of V2V3
In edge V4V1 point to visit is mid point of V4V1
e o ; 5 b [y Vavs?
In edge VIV?2 distance of point to visit from end vertices is D+/ D?- %
[ o 2
In edge V3V4 distance of point to visit from end vertices is D+ \ D=2

Else // Lemma4

In every edge point to visit is mid point of edge .

Lemmal: If we are given two points ( let P1 and P2 ) on
the same side of a line(say L) and we are asked to find
third point ( let P3 ) on a line such that IP1P3| +IP3P2| is
minimum than we can use the Fermat’s principle which
says that Light always follow the path of least time and
when we apply Fermat’s Principle we get Law of
Reflection of Light which says that Angle of Incidence =
Angle of Reflection as shown in Fig §

P2

P4

Fig 5: Angle of Incidence = Angle of Reflection
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Consider edge V1V2 of given rectangle, as the sensing
range of Sensor is D therefore in edge V1V2 to cover
extreme point of edge ie. V1 we can visit any point
between V1 and P2 (which is D distance far from V1) but
for minimum length we have to visit P2 and to cover other
extreme point of edge i.e. V2 we can visit any point
between V2 and P3 (which is D distance far from V2) but
for minimum length we have to visit P3 .

As the given figure is rectangle , given that | V1 V2 |
&& 1V2 V3l > 2D  which means length of all the four
sides is greater than 2D and hence the similar procedure
can be applied for remaining edges . Therefore length of
closed will be minimum iff in every edge points to visit is
D distance far from its end vertices .

Symbol | Description Proof :
[P1P3| Distance between points P1 and P3
[P3P2] Distance between points P3 and P2
L Length of given line
h1,h2 Perpendicular distance between line ‘L’ and
points P1 and P2 resp.
t Time taken for the ray to travel the distance
[P1P3| +/P3P2I
c Velocity of light, which is a constant
P3P4 Normal to the given line ‘L’
i,r Angle of Incidence , Angle of Reflection
resp.
Proof :
(_IPIP3|  IP3P2I
C C

A JL-x)?+ h2
C C

As per Fermat's principle light takes the path of least time.

t
Therefore, the derivative — = 0 gives
X

X L—x

fernt i+ 2

ie sin(i) = sin(r)

Means Angle of Incidence = Angle of Reflection
Taking tan on both sides

tan() = tan(®) g x _L=x
an(i1) = tan(r 1ves —_— =

£ hl  h2

Lxhl

From here we get value of x as x=
hl+h2
Lemma2: When |VI1 V2|&& IV2V3I>2D length of
closed path is minimum under the condition that every
boundary point must be present within communication
range of Mobile sink from at least one points to Visit ( P1,
P2, --- Pn ) and Mobile Sink must visit every edge of the
boundary during traversal iff in every edge points to visit is

D distance far from its end vertices as shown in Fig 6

vile—D —» e—D V2

? /S PA\ f"
D D
"1 = 55 ,¢_

2

— i P o
t f
D D
y s P1 s
VAR =D =P

Fig 6
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Lemma3: When | VI V21< 2D && IV2 V3| >

3 length of closed path is minimum
2[D+ fos (121} ]

under the condition that every boundary point must be
present within communication range of Mobile sink from at
least one points to Visit ( P1, P2, --- Pn) and Mobile Sink
must visit every edge of the boundary during traversal iff In
edges V1 V2 ,V3V4 point to visit is midpoint of V1 V2,
V3V4 resp. and Inedges V2V3, V4V1 points to visit is

2
D+ \/D 2 ( v,\v, |j distance far from end vertices
2

of V2V3,V4V1 resp. as shownin Fig7 below

= o [Vive)? o b Viv2[?
4 4
-+ - i -

- o

T v3 P p3 v2 T

Viv2 Viv2
2 2
A 2
Viv2| ViV2|
2 3

v

Fig 7

Proof :

Consider edge V2V3 of given rectangle, as the sensing
range of Sensor is D therefore in edge V2V3 to cover
extreme point of edge i.e. V2 we can visit any point
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between V2 and P3 (which is D distance far from V2) but
for minimum length we have to visit P3 and to cover other
extreme point of edge i.e. V3 we can visit any point
between V3 and P4 (which is D distance far from V3) but
for minimum length we have to visit P4

As the given figure is rectangle, therefore we can apply the
same procedure for selection of Point to visit in edge V4V1
As the length of | V1 V2| < 2D therefore a single
Point of visit is required in this edge for coverage.
Therefore we have to select position of that point(let P2) on
the edge V1V2 such that such that [P1P2| + [P2P3| is
minimum . For this we can use result of Lemma 1.
According to Lemmal the point to visit on the edge
V1V2 such that such that IP1P2| + IP2P3| is minimum is
given by

Lxhl
X= ———

hl1+h2
where

h1 = distance between P1 and V1
h2 = distance between P3 and V2
L = distance between V1 and V2

From the above Fig: 7 hl=h2
therefore we get

and L= [V1V2|

x = |V1V2| i.e midpoint of edge VIV2
2

In the similar manner we can find the point to visit for edge
V3V4 which is given by
x=|V3V4|= |VIV2] i.e  mid point of edge V3V4

2 2
Now when the sensor node visits P2 i.e the mid point of
edge V1V2 it will cover some boundary of adjacent edges
i.e V2V3 | V4V1 asshownin Fig8

W

\//I)'-’ —

Fig 8
Therefore point to visit in both the edges V2V3 , V4Vl1

willbe /D - [IVIV2 |J2 distance far from V2 and
2

V1 resp.
Similarly when the mobile sensor visits P5 (mid point ) in

edge V3V4 it will cover
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boundary of length Dz_[|V3V4 |)2 in adjacent edges
\ 2

i.e V2V3 , V4V1 . Therefore point to visit in both the
edges V2V3 | V4Vl will be p+ |p2 _[IV32V4 |J2

distance far from V3 and V4 resp.
This proves Lemma 3

Lemma 4 When only one point to visit in each
edge is sufficient for coverage then length of closed
path is minimum iff point to visit lie in the mid point
of every edge .

Proof

V3

P4

v4

Fig 9

Let P1 ,P2,P3,P4 be the point to visit in edges
V4V1 ,V1V2,V2V3,V3V4 resp as shown in Figure
3.6 and therefore P1P2P3P4P1 forms the closed
path , Length of closed path is IP1P2I + [P2P3| +
[P3P4| + IP4P1l. Join P1 and P3, this forms two
triangles P1P3P4 and PI1P2P3

From triangle P1P3P4
[P3P4| + IP4P1l = IP1P3| ---------mmm- eq 1

From triangle P1P2P3
[P1P2I + IP2P3| 2IP1P3| ----------- eq 2

Eq1 + Eq2 implies
[P1P2I + IP2P3I| + [P3P4l + IP4P1l = 2 IP1P3 |-----eq 3

From Fig:9 minimum value of [PI1P3| is IV1V2|

and when  IP1P3l =1V1V2l from Fig:9 we get
equations

IV3P3|= IV4P1]--------- eq4

IV2P3|= IVIP1| -------- eqd

From eq4 ,eq5 and Lemmal we can conclude that
for minimum length of IP1P4P3land [P1P2P3| P4,P2
lies is the mid point of edges V3V4 and V1V2 resp.
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And if P4,P2 lies is the mid point of edges V3V4 and
V1V2 resp , from Lemmal we can conclude that
P1,P3 also lies is the mid point of edges V4V1 and
V2V3 resp

This proves Lemma 4
II1. CONCLUSION AND FUTURE WORK

The point sweep coverage problem is to find optimal
(minimum) number of mobile sensor nodes moving
with uniform speed required to guarantee sweep
coverage of all given points as per given sweep period
't. As per Jun Zhao Du et al. [17] minimum number of
mobile sensors required for point sweep coverage is
given by [ﬂ where

L= length of closed path formed by joining points of
visit

v=velocity of mobile sensor node which is constant
t=sweep period which is also constant

Therefore, In order to minimize the number of
mobile sensor nodes we can minimize the value of L
by choosing point to visit wisely. We have presented
algorithm in section II for selection of points to visit
which will minimize the length of closed path formed
by joining the points to visit during Sweep Coverage
for boundary of rectangular region.

Sweep coverage is a purely new concept for
sensor network monitoring. There are still many
interesting problems not discussed.

One significant extension of this problem is
that the given region is any general Polygon and we
need to do the Sweep Coverage for boundary of the
region.

One other variation is that the given region is
any general Polygon and we need to do the Sweep
Coverage for Area of the region .

In my future work, I plan to study these
problems in Sweep Coverage and obtain useful results
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