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ABSTRACT
An image-based clustering algorithm is presented for high-precision real time location system (RTLS). In
RTLS, it is necessary to make each cluster consisting of two or more objects when these objects are close
enough to meet a specific distance threshold for the minimum period of time. These clusters can show the
user of the specific object. The proposed algorithm is based on comparisons between the images generated
from the tracking data in a pre-defined area. The processing time in the RTLS using the proposed
algorithm can decrease with the almost same detection performance, compared with the previous distancebased algorithm.

Keywords: Clustering, Image-based Algorithm, Impulse Radio Ultra-wideband (IR-UWB), Real Time
Location System (RTLS), Tracking Objects
operating time. However, there is a limited scope to
shorten the processing time because all the
locations are loaded on the same system and each
position is compared with other positions step by
step. The other algorithms in [4, 5] use a database
(DB) for RTLS and reduce the processing time by
loading the selective locations in chronological
order. Unfortunately, they require large computing
powers for positioning comparison due to large
location data files in the algorithm. The cost and
space also increase dramatically due to the DB
usage.

1. INTRODUCTION
Real time location system (RTLS) provides
positioning, tracking, and monitoring services for
human beings or objects in real time [1]. RTLS is
classified as both indoor and outdoor system
depending on its application. The most promising
indoor RTLS service is hospital resource
management. RTLS for the medical application can
be applied to user detection, medical device,
equipment and medicine usage monitor, and patient
position tracking [2]. The technology based on
impulse radio UWB (IR-UWB) signals is the most
suitable solution because it can differentiate objects
with high resolution even if the distance is less than
several-centimeter. It operates many tags attached
to objects simultaneously [3].

In this paper, we present an effective cluster
algorithm among objects in RTLS tracking the
objects locations by comparing images. The
processing time decreases because data is
compared all at once. In addition, the location data
size does not affect the processing time. The
performance of the algorithm is demonstrated in
the RTLS based on IR-UWB signals.

RTLS can show the object user information by
clustering the user and the object. The cluster can
be determined in RTLS when two or more objects
are positioned and tracked together with less than a
specific distance threshold value determined by the
minimum distance resolution of the system, for a
period of time. The general algorithm for clustering
uses a single or multiple data file, including all
locations of the objects in the system during the

2. IMAGE-BASED CLUSTERING
ALGORITHM
The proposed algorithm is based on image
processing. Image files are generated from the
object location data moving for a period of the time
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defined as the unit time tunit. The object location
data in the fixed area is expressed in a single image
with tracking time. The image in the proposed
algorithm shows the object traces, and it is
individually generated as the number of objects and
tunit. The algorithm selects and clusters two files
generated from different objects at the same time.
The clustering degree is presented to two
parameters, which are Image Similarity Simg and
Image Dissimilarity Dimg respectively and can be
expressed as

S img ( A, B)[%] =

A ∩B
× 100
max( A, B)

Dimg ( A, B)[%] = 1 Simg ( A, B)

In the algorithms in [4, 5], Simg is calculated using
the raw location data of each object for all times,

(1)
(2)

where A and B are matrixes of binary image files,
A∩B is a function of intersection operation, and
max(A, B) returns the larger number comparing the
number of binary 1 in A and B. Binary 1 in the
matrix means the object location in the area. Simg
can be briefly expressed as the pixel number ratio
with the same value to the overall number of pixels.

Figure 1 : Source code of the proposed image-based
clustering algorithm

The algorithm source code is shown in Fig. 1. It
starts with the following input parameters: Date,
Time, and Reference object. Date and Time are start
and end time to check whether clusters are formed
or not. Reference object is optional when we want
to know which objects are placed around the special
object. Using Reference object in the algorithm, the
processing time decreases with the fixed object in
the clustering process.

and the amount of data in the sequence should be
the same among the data. When data is lost, an
interpolation process is essentially added within the
procedure of the algorithms [7]. The additional
process is not mandatory in the proposed algorithm
because the overall resemblance between images is
used with negligible location data loss.
3. EVALUATION OF THE ALGORITHM IN
RTLS
Two different experiments were performed to
evaluate the proposed algorithm. The first one is to
compare the clustering results of the proposed
algorithm with those of the reference algorithms in
[4, 5]. The second one is to compare the algorithm
processing time with those of the reference
algorithms based on the size of tunit. The image files
used in the experiments are obtained from raw
location data using the RTLS based on IR-UWB
signals. The details of system configurations and
specifications of the RTLS are shown in [8]. Two
moving objects are considered in the experiments.
These objects are moved within the 20 m × 10 m
area. Locations are estimated using the RTLS with
a 10 Hz update rate. The RTLS clustering server
consists of an Intel core i5 processor with a speed
of 3.3-GHz, 8 GB of RAM, and Windows 7 64-bit
OS. The range resolution of the RTLS is 30 cm, as
determined by the bandwidth of the transmitted
signal [8]. The file image resolution is set to 200 ×
100 pixels with each pixel size representing 1-cm.

The next step is to select image files which agree
with initial parameters. Then, the selected files
make the blurred images using Filter Pixel (FP).
The blurred images are determined by dividing FP
into the number of pixels per distance (PPD). FP
presents the matrix size in the blur method [6]. The
blur method is necessary to reduce data errors
generated by converting the location data to the
image. The errors are caused by the different scales
between the image with discrete pixel points and
the location data with high range resolution. In the
next procedure, the algorithm computes Simg
compared with the threshold similarity STH. When
Simg is larger than STH, the algorithm stores the
clustering time rate in tunit. The final step is to
determine whether two blurred images A’ and B’
are a cluster or not by using the minimum time
period TTH. The clustering time rate should be
longer than TTH. These steps are repeated for the
number of objects, Date, Time, and Reference
object.
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effectively

Figure 2 : Image Dissimilarity (Dimg) and distance
difference depending on the count per unit time. The
correlation coefficient is 0.82.

cluster

Figure 3 : Processing time depending on times of the unit
time.

objects with the appropriate value of Dimg in the
RTLS regardless of the number of objects or the
amount of data increase.

Figure 2 shows a comparison of Image
Dissimilarity Dimg with an average distance
difference between two objects by using the
reference algorithms. The abscissa axis of Fig. 2 is
the count per tunit, which is 5 sec, and the overall
time is 60 sec. The interrelationship between two
different graphs can be described by the correlation
coefficient or the correct cluster rate (CCR) [9].
CCR is 100% when the two data are exactly the
same. CCR between two graphs shown in Fig. 2 is
82%. It means that Dimg from the proposed
algorithm is related to distance difference.

4. CONCLUSION
The efficient algorithm is proposed for clustering
objects in the IR-UWB RTLS. The algorithm is
based on the comparison method using images of
traces, which are generated from the object location
for each unit period of time. The proposed
algorithm performance is demonstrated in the
RTLS such that the processing time can be
decreased with the same performance of the
existing well-known clustering algorithm.

It is assumed that the maximum distance
difference among objects is 1-m in the room when
several objects are moved together or the person
brings some objects. For that reason, the threshold
distance for clustering objects is set to 1-m in the
RTLS. With the threshold distance, Dimg in the
proposed algorithm should be selected from 70% to
80% as shown in Fig. 2. Dimg can be selected fewer
than 70% when the threshold distance is set to less
than 0.8 m, but the distance difference is negligible
in the RTLS because of the range resolution of the
RTLS and the image resolution of the image files.
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