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Abstract

Various studies related to spatial indices are currently being conducted. Most
of these studies focus on lowering the costs for indexed searches in on-demand envi-
ronments during spatial query processing. However, on-demand environments often
have issues with service delays when there is a congestion of the query on the server
when dealing with information about complicated moving objects. Therefore, a study
on spatial indices that considers broadcast environment is required. Studies on in-
formation transfer in broadcast environments should consider the characteristics of
one-dimensional sequential flow. However, studies thus far on indexing methods that
consider such characteristic are insufficient. In particular, there has been no study
that considers both the data transfer sequence and an index structure capable of
managing a moving object within a broadcast environment.

In this paper, we propose a data transfer method that considers the location/distribution
of objects and the air index structure for the location management of moving objects
within a broadcast environment. The results from theoretical analyses and experi-
ments show that the proposed algorithms that use the GSI method are scalable and
energy efficient for range queries and k-nearest neighbor queries.

Keywords: Moving objects, mobile computing, spatial index.

1 Introduction

Most studies on spatial indices have assumed an environment where clients request ser-
vices and servers provide services. Various studies, especially on the new index structure
or search method for efficient query processing, have been conducted [23]. However, vari-
ous issues may arise in this server-centric approach such as high dependency of the client
on the server, insufficient consideration of moving objects, and infringement of privacy
[1-4]. Among them, the work of real-time information processing for large quantities of
different objects creates large burdens for the server [5-8, 24]. In an environment where
the query object and the querying person move at the same time, a service delay during

1



a query request can cause incorrect query results. For instance, if it takes more than 30
minutes to process a query from a user who is asking for the nearest gas station from a
motor vehicle that is moving on an expressway at the speed of 100 km/h, then the query
result cannot be relied upon. In order to resolve this issue, it is possible to decrease the
work burden of the server by having the server disallow individual queries from clients,
having the server transfer spatial index and data through a broadcast channel, having
the client read the index information, and having the client selectively tune the desired
information. The broadcast method is a “one-to-many” communication method in which
the packets are transferred to the entire network to which the host belongs. One of the
characteristics of the broadcast method is that it is not influenced by the number of clients
that it serves. Recently, there have been active studies and discussions on spatial data
transfers in broadcast environments [9-14]. For instance, a client who has entered into a
large bookstore can use a smartphone to check detailed information periodically, such as
location information and contents for books of interest, such as new books in a particular
field. Furthermore, it is possible for users to receive various location-specific services such
as weather information, mobile advertising, traffic information, and local news through
wireless broadcast environment. Major U.S. communications companies, such as AT&T
and Verizon, are currently providing real-time location-tracking services in which the lo-
cation of a family member or a friend is broadcasted periodically via his/her smartphone.
Microsoft is also providing a periodic transfer service that broadcasts location information
through a DirectBand network called SPOT (Smart Personal Objects Technology) [15].

Most studies on location-based services, however, have focused on on-demand methods,
and studies that consider wireless broadcast environments are insufficient [17]. In partic-
ular, to the best of our knowledge, there have been no studies on services that consider
the direction and pattern of a user’s movement and provide spatial information in an effi-
cient manner while considering data transfer sequences and index structures in a broadcast
environment.

In this paper, we propose an indexing structure and a query processing algorithm that
consider data access time and save energy. The proposed index is different from existing
index structures because it considers only the regions where there are objects on the map,
found using grid ID. Therefore, it is possible to build an index with less information, as
compared to methods that build an index using all regions regardless of whether there
exists an object in a given region. The suggested indexing structure is appropriate for
wireless broadcast channel structures and supports quick index searches by decreasing the
pointer cost that indicates the location of the object. In addition, the suggested algorithm
decreases access times for mobile devices for query processing by sequentially transferring
spatial data while classifying them based on the location in physical space. The main
contributions of this paper can be summarized as follows:

• We propose a new index structure in consideration of the distribution of objects.
The proposed index allows for the efficient processing of queries by dividing the
entire map into grid cells with a tree structure, referring to the locations of objects,
and providing sequential IDs.
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• We propose an efficient query processing algorithm. The proposed algorithm is sup-
ported so that energy consumption by a client may be reduced through selective
tuning of GSI delivered in a broadcasting environment.

• We provide a cost model and conduct simulation experiments to validate the perfor-
mance of our method.

The remainder of this paper is organized as follows. Section 2 discusses related work.
Section 3 discusses the grid-based spatial index. Section 4 describes data delivering and
query processing. Section 5 evaluates the performance of the new algorithm. Finally,
Section 6 concludes this paper.

2 Related work

In this section, we discuss existing techniques that can be used for supporting spatial
queries in wireless broadcasting environments; we also delineate their limitations.

There are two ways of supporting location-based services (LBS) for clients. The first
is the on-demand method in which the client sends their location and query content to
the server. The server processes the query result and sends it back to the client. The
on-demand method is efficient when the number of users requesting services is low and the
query processing is not complicated. However, in cases where it is possible for many service
requests to be concentrated simultaneously or where the query processing is complicated,
such as in real-time location tracking, the on-demand method has the disadvantage of
causing service delays due to server overload. Conversely, in the broadcast method, the
server forecasts and chooses the information requested by an unspecified service user and
transfers it throughout the broadcast channel. The broadcast method has advantages such
as better scalability and protection of user privacy, which is a major issue these days,
because it does not accommodate individual query requests from clients. However, the
broadcast method has a disadvantage in that access time can increase by the increase of
client standby time when broadcast transfer cycle would be longer. When the sizes of the
indices increase and the structures become complicated because of increased pointer usage,
the length of the broadcast transfer cycles naturally increase and efficiency decreases due to
complicated calculations. Therefore, in order to support efficient spatial query processing
in broadcast environments, index structures and query processing should be simple and
clear. In addition, clients should be capable of processing spatial query results using partial
indices, without reading entire indices.

Recently, there have been studies on query processing methods and spatial indices in
wireless broadcast environments. In [16], the authors study the possibility of broadcasting
spatial data together with a data partitioning index. They present techniques for spatial
query processing that adjust to the limited memory of the mobile device. Their algorithms
can handle clients with limited memory. In a previous paper [17], we introduced broadcast-
based spatial data dissemination, called BBS and a selective tuning algorithm that provides
clients with the ability to perform selective tuning and assists them in reducing the tuning
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time. In BBS, the server periodically broadcasts the IDs and coordinates of the data
objects, without an index segment, to the clients. These broadcast data objects are sorted
sequentially, according to the locations of the data objects, before being transmitted to the
clients. The BBS provides the fastest access time since no index is broadcast along with the
data and, thus, the size of the entire broadcast cycle is minimized. The other primary idea
was to use exponential pointers from each data item. In the case of exponential pointer,
each data object contains pointers that contain the IDs, locations, and arrival times of
the data items that will subsequently be broadcasted. Each client utilizes an exponential
pointer from each data item for reducing energy consumption.

The Hilbert-curve-based index is a general framework for processing spatial queries in
wireless broadcast systems. In [18], the authors proposed a Hilbert Curve Index (HCI).
HCI is based on the (1, m) indexing scheme [6,13] and exploits the sequential access of the
broadcast channel by transforming the two-dimensional space into a one-dimensional space
using the Hilbert space-filling curve [19]. Once the objects are mapped onto the Hilbert
curve, they are indexed with a B+-tree, which is then broadcasted over the air [10]. The
Distributed Spatial Index (DSI) [20] is designed to be capable of decreasing access time
(AT) by building the index in a distributed structure utilizing a Hilbert curve similar to
HCI [18]. Each index frame stores pointers that increase exponentially and support fast
access and selective tuning. These Hilbert-curve-based index methods set up Hilbert curves
that are ordered by the distribution of the objects, and allocate ID numbers to all vertices,
regardless of whether there exists an object. Though the Hilbert-curve-based index uses
pointers that increase by the value of exponential parameter e, the sizes of the indices and
the quantity of information to read become large, because the pointers will increase by a
factor of logeN for each index frame as N increases, when the total number of data is N .
In addition, it is possible that the time required to obtain the result will increase based on
query point when processing k-nearest neighbor (KNN) queries or range queries. There is
also an issue with having to read large data to obtain the result based on query location
when the objects are concentrated in a specific region. In [10], the authors propose an air
indexing framework to support moving data objects. The authors attempted to reduce the
power consumption and access latency at the client side. They designed algorithms for
snapshots and continuous queries using static or dynamic data over a regular grid. They
applied other space-filling curves such as a Peano curve for their index. However, this
method is different from other methods only in the index structure, which is considered
as a dynamic object. This method still has the same structural issue (inefficient selective
tuning) as other methods that use a Hilbert-curve-based, index because it has a fixed-size
grid-partitioning structure that does not consider the distribution of objects.

In order to resolve these issues, an index structure is required that can assign an ID
number based on the location of an object that actually exists and identify the location of
that object using only the ID number.
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Figure 1: GSI index structure: partitioning a region using a grid

3 Grid-based Spatial Index

In this section, we propose a Grid-based Spatial Index (GSI) for efficient query processing
in broadcast environments. GSI partitions a region using a grid in order to show the
location of an object. The index has a hierarchical structure that is based on the location
and distribution of objects. The biggest difference from existing spatial indices is that
the GSI ID number is assigned to objects that actually exist. Therefore, it is possible to
decrease the index size and search cost by decreasing unnecessary ID information. The
grid ID allocation and search is performed using an alphabetic ‘z’ sequence.

Existing index structures based on a space-filling curve do not have hierarchical struc-
tures. In other words, in order to obtain the desired results, indexes should be sequentially
read from the beginning of the exploration to its end. Tuning time may be reduced by
proposing a distributed index structure consisting of overlapping pointers for selective tun-
ing, but the increased index information lengthens the exploration time. On the other
hand, the proposed z-sequence structure may support selective tuning by using ID given
through hierarchical z-order sequence without separate overlapping pointers.

A grid with two or more objects is partitioned continuously into four regions until there
is only one object per grid. The number of each grid is used as the ID number to indicate
the location of an object. The client can identify the location and distribution of objects
using only the ID number of a grid with hierarchical structure, and use that information
to perform selective tuning. This hierarchical structure of GSI enables pruning so that
unnecessary regions will not be sought during index searches.

Figure 1 is an example. There are five objects (O1, O2, O3, O4, and O5) in the entire
service area. The index is structured into Level 0-3 grids based on the location and dis-
tribution of objects. The Level 0 grid indicates the entire map and the ID in this case is
C. Level 1 divides the grid of Level 0 into four equal parts and assigns the IDs C0, C2,
and C3 to the three regions that contain an object or objects. Level 2 divides the grid
of Level 1 again into four equal parts. C2 and C3, which have two or more objects, are
divided into four equal parts and IDs are assigned to the grids that contain an object or
objects. Therefore, C21, C22, and C31 are assigned as the grid IDs of Level 2. Finally, Level
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3 again divides C31, which contains two objects of Level 2, into four equal parts and IDs
are assigned to the grids with an object or objects. Therefore, C311 and C312 are assigned
as the grid IDs for Level 3. As seen in the figure, the number of grid ID digits increases
as the hierarchy proceeds to lower levels. The client can read the number and the number
of digits in the ID and deduce the location and distribution of objects. In other words, a
larger number of digits in the ID number implies that the object exists in a region with
finer detail. The index data in this study includes the data transfer time, data location
information, and data size. “User data” are assumed to include detailed information such
as menu, price, and an image of the restaurant.

We now define GSI.

Definition 1 (Grid-based Spatial Index): In the given data region set, a grid Ci repeats
the hierarchical partitioning process until there is only one object. A parent grid can have
0-4 children grids, whereas a child grid can have only one parent grid.

We define the number of objects included in Ci of GSI.

Definition 2 (Number of objects inside Ci): Let num obj Ci be the number of objects
inside Ci, which has child nodes, and num obj Ci′ be the number of objects inside Ci′,
which does not have child nodes. Then, num obj Ci ≥ 1 and num obj Ci′ ≥ 0.

4 Broadcast ordering and query processing

The index includes the arrival time of the first data item, arrival time of user data, grid
ID, number of objects in the grid, coordinates of the object, and speed and direction
information for each level. The suggested method supports selective index tuning not only
of stationary objects but also based on the maximum speed and direction of each object,
even in the case of continuous spatial query processing for moving objects.

This study suggests a depth-priority transfer method, which transfers index data and
user data in the same grid as higher priority. The components and transfer sequence of
the index are in the following order: grid number and transfer time of each grid, number
of objects in the grid, object information, location, and speed and direction. The data
transfer algorithm is as follows.

• Nearest Neighbor Query

The server transfers the IDs and the number of objects included in Ci to node Ci, which
contains an object, by each grid ID unit (step 1). When Ci does not have a child node,
it declares that the grid will not be partitioned by inserting a ‘mark (step 2). Finally, the
server transfers the detailed information of the object at the lowest level, which will not
be partitioned, such as the x-y coordinate and the speed and direction of the object in
accordance with z-ordering (step 3).

The suggested method provides fast access times because the partitioned node and
object information are transferred at the same time for each grid during spatial query
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Parameters:
Ci: A grid node which contains at least one object
Input: Object location, speed, and direction.
Output: Requested object
1: for each bcast cycle
2: Disseminate the first data transfer time information for each grid
3: for each grid id according to the structure of GSI
4: for each level according to the top-down structure of GSI
5: Disseminate id of Ci, num obj Ci (step 1)
6: if Ci doesn’t have a child node (step 2)
7: Put ’ mark
8: for each object Oi ∈ S by z-ordering
9: Disseminate location, moving direction, and velocity of Oi (step 3)

Figure 2: Data Dissemination algorithm

processing. The suggested method displays particularly excellent performances when the
distribution of objects is concentrated in a specific region.

id=C0
1

2

3

4
5

id=C311

id=C312

id=C21

id=C22

C0 O1 C21 O2 C22 O4 C321 O5

awake

(a)

(b)
sleep

O3 C311

Range
query

C2 C3 C31

Figure 3: (a) Object and hierarchical partitioning of grid (b) data read

Let us examine the range query process by referring to Figure 3(a). It is possible to see
that the query range is in grid 2. The client checks the first data transfer time information
for each grid. Then, it awakens in grid 2 and reads the information up to C22 of grid 2. It
finally checks whether there are objects O2 and O3 in grid 2 and that the object belonging
to the range query is O2. When the logical time unit of one section in Figure 3(b) is 1, the
‘tuning time’ is ‘awake time’, 6, and the ‘access time’ is ‘awake time+sleep time’, 8.

The KNN algorithm of the client is as follows. The range query process is similar to
the KNN process; therefore, it will not be repeated here.

The client checks the number of objects included in Ci and the IDs of node Ci for each
grid ID (step 1-step 3). It compares the query location and Ci distance. If the Ci is in
the scope of the KNN query, then the Ci is included in the KNN candidate set (step 4).
If the Ci is not in the scope of the KNN query, then the Ci is excluded from the KNN
candidate set and the next Ci will be checked (step 5). The client creates a KNN candidate
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Parameters:
KNN’: KNN candidate
Input: Index
Output: Requested object
1: for each bcast cycle
2: for each grid id (step 1)
3: for each grid Ci in z-order (step 2)
4: read num obj Ci (step 3)
5: check whether Ci is located inside KNN range or not
6: if Cn is located inside KNN range
7: KNN’ ← KNN’∪Cn(step 4)
8: else KNN’= KNN’-Cn

9: Continue (step 5)
10: for each object Oi ∈ Cn, where Cn ∈KNN ’
11: check whether Oi is located inside KNN range or not (step 6)
12: if Oi is located inside KNN range
13: KNN’ ← KNN’∪Oi

14: else KNN’= KNN’-Oi

15: continue
16:return KNN objects, where object∈KNN’ (step 7)

Figure 4: KNN algorithm for client

set by reading the object inside Ci that is included in the KNN candidate set and checking
whether it is included in the KNN query scope (step 6). The final KNN result is returned
(step 7).

The server periodically transfers object location information by utilizing the location,
direction, and speed information of the objects. The client performs spatial query pro-
cessing by utilizing object information that is transferred from the server. The client uses
direction and speed information to delete objects that will not be considered for future
query. Only the objects that will have an impact on future query results will be stored
and controlled. Therefore, it is possible to decrease the calculation cost required for event
updates as well as the dependency on server information. If the speed or direction of an
object exceeds the forecast scope within the scope and time of the search, the server data
in the next cycle should be considered.

5 PERFORMANCE EVALUATION

In this section, we verify the effectiveness and efficiency of the proposed GSI index with
the selective tuning algorithm by comparing it with other spatial index algorithm, such as
the Hilbert-curve-based air index.

5.1 Performance Analysis

In this section, we analyze GSI and DSI. DSI uses distributed exponential pointers from
each data item. With the exponential pointer, each data object contains pointers that
contain the IDs, locations, and arrival times of the data items that will subsequently
be broadcast. Each entry in the index table contains pointers to subsequent data. For
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example, let us assume that the number of a data item is 1024. Then, index number 0
contains the pointers to subsequent data items 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, and
1024. These exponential pointers, from the first tuned index, provide quick access to both
nearby and distant data. To identify the object using DSI, the client listens to the current
data and follows the pointer to the furthest data that does not exceed the target object.
DSI provides a fully distributed structure that allows query processing to start quickly.
However, performance degradation is caused by the redundant structure of the pointers
that represent the objects. In contrast, GSI uses a hierarchical tree structure that is only
composed of existing object information and non-redundant pointers that reduce the index
size and reduce the need for redundantly repeated tuning processes on the client side.

Regarding the cost of calculating indexes in a broadcast environment, the total explo-
ration time from when the client reads an index at a certain time point after receiving a
user’s request to obtain the desired final result is supposed as AT and the total amount of
time to be awake in order to obtain the desired final result is assumed as TT.

5.1.1 Access Time for GSI and DSI

We compared the access times of the GSI and DSI methods. Because GSI and DSI algo-
rithms have a distributed index structure, the probe wait time can be ignored.

• DSI: e represents the exponent, N represents the total number of data, and f rep-
resents the total number of the next pointer in each index table1, h represents the
Hilbert Curve order, D represents the size of data, F (N) represents the total size of
the exponential pointer during a broadcast cycle, where k= logeN and id represents
the object ID. Then, F (N) be as follows:

F (N) =
k∑

f=0

N (1)

Then, the access time for DSI is as follows:

AT DSI = (F (N) +N ×D +N × h+N × id)/2 (2)

ℜ denotes the number of objects that are contained in the grid nodes that belong to
the root grid R, pn represents the child node of the root grid node Rn, k

n represents the
number of grid nodes that belong to Rn, GID represents the grid identifier included in Rn,
and k

′n represents the number of grid-nodes included in the Rn (because the number of

1Each index table in the DSI has the next pointers that increase exponentially within the range of N ,
the total r amount of data. For example, if N=1024, a single index table has 9 next pointers of 1, 2, 4, 8,
and up to 1024.
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leaf nodes in ℜ is 0, it is not necessary to indicate it, and therefore, the lowest grid node
is excluded from the number). Then, the access time for GSI is

AT GSI =

∑3
Rn=0

∑kn

pn=0GID +
∑3

Rn=0

∑k
′n

pn=0ℜ+D ×N

2
(3)

5.1.2 Tuning Time for DSI and GSI

We now compare the tuning time for DSI and GSI to prove the energy efficiency of our
proposed algorithms during spatial query search. While DSI uses the exponential pointer,
which has a redundant structure, our algorithm that uses GSI allows selective tuning with
the ID and the number of objects without the exponential pointer.

Let N ′ represents the tuned total number of data and F (N)′ represent the number of
indexes from f ′ to k′, where k′= logeN

′ which the client wakes up and listens to until the
desired data are obtained. We have the following:

F (N)′ =
k′∑

f ′=0

N ′ (4)

Then, the tuning time (TT) for DSI is as follows:

TT DSI = h+ F (N)′ +D (5)

Let Ln denote the number of grid nodes in Rn up to the grid level n, until the query
processing is completed and Ln′

the number of grid nodes excluding the leaf grid node in
the Rn up to the grid level n, until the query processing is completed. Let Lm denote
the beginning grid node for tuning and Lm′

denote the beginning grid node for tuning
excluding the leaf grid node.

Now, we have:

TT GSI =
Ln∑

Rn=Lm

Ln∑
pn=Lm

GID +
Ln′∑

Rn=Lm′

Ln′∑
pn=Lm′

ℜ+D (6)

5.2 Simulation Results

In this section, we evaluate the efficiency of our algorithms by implementing them using
an Intel Pentium 3.16 GHz CPU. We assume that the client’s mobility pattern follows the
Random Waypoint Mobility Model [21], which is widely used. A mobile client begins by
staying in one location for a certain period of time t. We now describe the ratio of the
energy consumption for these states. We assume two energy states: ‘sleep’ and ‘active
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mode’. In a processor, the sleep mode has extremely low power consumption. We assume
that the broadcast channel has a bandwidth of 2 Mbps, which is the same as the bandwidth
applied in [10, 22].

We used a real dataset containing 39,231 data objects of MBRs for Montgomery County
roads extracted from the dataset available at www.rtreeportal.org.

The locations of points comprising the map in the real dataset refer to the addresses of
2-dimensional objects, such as filling stations or restaurants. Moving or fixed users come
to return the n points located in the areas where exploration is made as final results of
queries.

We assigned 16 bytes for each pointer, which also included two-dimensional coordinates.
The default parameter settings in our synthetic dataset test are: size of data is 256 bytes,
the value of k for KNN search is 3, and the exponential value e is 2 (The exponential value
allows indexing pointers to be exponentially increased at any base value e. For example,
if the number of objects and the value of e are set to 8 and 2, respectively, a data item 0
has four forward pointers such as 1(20), 2(21), 4(22), and 8(23).).
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Figure 5: KNN queries based on data size increases. (a) Tuning time (b) Access time

We conducted performance evaluations for TT and AT for the GSI, BBS, and DSI
methods based on data size increases. First, the three index methods were applied for the
KNN query and their TTs were compared. As shown in Figure 5(a), it was possible to
find that the GSI method gives better TT results than the DSI and BBS methods. In the
case of the DSI method, the process of waking up and going back to sleep repeats itself
frequently during the search with many overlapping pointers. In the case of BBB, selective
tuning is impossible and therefore shows the worst performance result. On the other hand,
in case of the GSI method, it is possible to stay in the sleep mode for longer durations
because selective tuning can be done using only grid ID number.

Next, the GSI, BBS, and DSI index methods were compared for their ATs by applying
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them to KNN queries. As seen in Figure 5(b), it was possible to find that GSI gives better
AT performances than BBS and DSI. The time required to obtain final query results from
DSI are greatly increased because of the cost of Hilbert curve searches and the burden of
pointer sizes, which indicates the object location. The GSI method, on the other hand, gives
better results for AT because it does not have overlapping pointers like DSI and it can judge
the region, which it does not have to read, faster through the use of the hierarchical tree
structure that takes location into consideration. BBS shows better performance relative to
TT experiment because swift exploration is possible without probe wait time.

If it is supposed that the number of objects increases and the density of the objects be-
comes higher and as a result objects are distributed uniformly in extreme terms, there is no
huge difference in sizes of information between the Hilbert curve-based index in which iden-
tification numbers are provided to all areas regardless of the existence of objects and GSI.
However, search efficiency of DSI still may be lowered compared to GSI due to the following
demerits. First, DSI needs additional mapping and conversion processes to calculate HC
value and object location calculation aimed at identifying location information of objects
during the process of index exploration and the time to process indexes increases. Sec-
ond, Hilbert curve-based index structure does not have a hierarchical structure. Therefore,
it supports selective tuning through distributed index structure consisting of overlapping
pointers but the time to explore still increases due to increased index information.
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Figure 6: KNN queries based on the value of e increases. (a) Tuning time (b) Access time

Figures 6(a) and 6(b) display the results of the TT and AT performance tests according
to the increase in exponential parameter values. As in the prior experiment, GSI shows
better performance than DSI and BBS thanks to the size of index pointers and efficient
exploration structure. Figure 7 shows the experimental result of AT in accordance with
the increase of K value in KNN query processing. DSI shows the worst result due to the
size of index pointers and inefficient exploration structure according to the increase in K
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Figure 7: KNN queries based on the value of K increases.

value. On the other hand, GSI shows the most effective performance.
As seen in the results, AT and TT, which are important elements in performance

evaluations, are impacted heavily by the index structure and search method. We found
that the GSI method decreased overlapping pointer cost, which is one of the structural
disadvantages of existing Hilbert-curve-based indices. We found that the suggested method
using GSI and collectively transferring object information and index information that is
partitioned by region, gives better AT and TT performances for spatial queries.

6 Conclusion

In this study, we proposed the GSI method, an index transfer method, and a query pro-
cessing algorithm, which decrease AT and TT in wireless broadcast environments.

The proposed index classifies adjacent objects in accordance with certain rules and
transfers them to a one-dimensional broadcast channel in the sequence of location. This
design enables the client to decrease access time and tuning time by making it possible
to process a spatial query without tuning all of the index data. In the past, indices
were constructed for the entire service region; however, the suggested indexing method
can decrease the size of index pointers by partitioning the entire region into grids and
allocating grid IDs only to the regions that contain an object or objects. In addition,
the design of this study enables faster judgments for the regions, which do not have to be
tuned by the clients, by constructing the index hierarchical based on the distribution of the
objects. The proposed indexing method makes it possible to decrease the broadcast cycle
and index search times. It is also possible to reduce energy consumption by supporting
selective tuning for clients using the index transfer algorithm.

As future work, we are planning to extend this study by considering the scenarios with
highly dynamic objects.
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