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ABSTRACT1 
Context aware systems are the order of the day. With the 
advent of low cost sensor networks and systems ambient 
intelligence is becoming more and more sought after feature. 
In this work, we present an Online Person Tracking (OPT) 
system for indoor environment which is aimed to provide 
location information to the context aware applications in 
Personal Network. We present our extensive measurements 
and experimental study of the popular Tmote-Sky devices 
which use IEEE 802.15.4 standard. We use our 
experimental results to design a prototype for a real-time 
person tracking system with minimal number of anchor 
motes. A Weighted Minimum Mean Square Error (W-MMSE) 
localization algorithm is used in our system. This paper 
thoroughly records the efforts involved in designing and 
prototyping such a system. 
  
1. INTRODUCTION 
The rapid progress in technology has enabled a faster 
development of many distributed wireless sensor and 
actuator networks. Usually, a Wireless Sensor Network 
(WSN) is deployed for monitoring environment and for 
disaster recovery and response systems. Some simple 
examples are: a smoke detector and actuator for indoor 
applications, forest fire response, health monitoring system, 
etc. With the emergence of newer solutions for anywhere 
and everywhere connectivity [1] and with the concept on 
Ambient Intelligence [2] a potential task of a WSN is also to 
support the context-awareness in the networks. New 
paradigms securely connecting many heterogeneous nodes 
and/or networks are being proposed recently. European 
projects on Wireless Personal Network (WPN) [3] and 
Future Home Networks [4], are some of the examples where 
the context-aware applications are thought to be an essential 
part of the applications in the mobility enabled networks. In 
a WPN the user and all his devices are constantly and 
securely connected and the services/applications are adapted 
so that the sessions are transported seamlessly without the 
user’s intervention depending on the context or situation. 
The context-aware solutions try to exploit information 
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regarding the geographical location, the time of the day, 
available equipments, history of user’s interaction/usage, 
environmental changes and the presence of other people. 
They provide the user with the service which is best suited 
to the person’s present situation. Location awareness also 
sustains important functionalities such as session transfer, 
self-organization and maintenance of the network. One of 
the important inputs for a context aware application is the 
knowledge of the physical location of the person. Thus there 
is a necessity to investigate into an efficient implementation 
of localization in a WPN. Special sensing devices/nodes can 
be deployed for this purpose. However it would be better if 
many sensing devices, already present, can be exploited for 
finding the location along with their other usual task of 
finding the parameters of the surroundings. 
There are many well proven techniques readily available 
such as Global Positioning System (GPS). It is usually very 
effective for outdoor environment. However, due to the 
dependency on expensive and special hardware as well as 
the inaccuracy and fallibility caused by the interference and 
multi-path fading inside the buildings, GPS is not suitable 
for indoor localization. Some discussions on this can be 
found in [9]. 
The other method for localization is to use the Received 
Signal Strength Indicator (RSSI), which is a readily 
available resource in any RF-based WSN. Since the radio 
power is sensitive to the antenna orientation, interference 
and obstacles in the surroundings, RSSI is not considerably 
reliable. However in indoor environments for inexpensive 
deployment we may still try to use RSSI to a certain degree 
of accuracy. Further readily deployed sensors – used in 
some particular context – can be used for generating the 
context by using them for localization. This should be 
inexpensive and easy to implement. 
Thus in this paper we try to explore the implementation of a 
low cost localization system that can work with sparsely 
deployed sensors. We employ it for low complexity Online 
Person Tracking (OPT)† system for indoor applications to 
use it as an input for Context generation. A widely used 
WSN platform Tmote-Sky is employed in our prototype. 
We compare three algorithms to optimize the RSSI-based 
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estimation. For limited accuracy applications the results 
obtained are useful to generate some of the context for a 
WPN with a lesser number of devices. Our system is simple 
and inexpensive for implementation. In this work we have 
tried to explain our experiences in implementing an online 
localization service that may be used in the larger 
framework of a WPN. 
The rest of the paper is organized as follows: in the next 
section some earlier related work is presented. In Section 3 
we explain our set up and data collection. Section 4 has 
discussion on variants of Minimum Mean Square Error 
(MMSE) algorithms. In Section 5 we explain offline and 
online location estimation system. In Section 6 we conclude 
and discuss our future plans.  
 
2. EARLIER STUDIES 
Localization systems adopt many approaches that are suited 
for different problems. Hightower and Borriello [7] 
developed the taxonomy to develop, evaluate, and identify 
opportunities for location-sensing techniques in general. 
When we look into the approaches in detail, different 
positioning algorithms vary depending on the kinds of raw 
data used [8]. The main techniques are Angle-of-Arrival 
(AoA), Time-of-Arrival (ToA), and RSSI.   
Many earlier reported studies use AoA and ToA based 
techniques and they show that a sufficient accuracy can be 
achieved in finding the range. Additional improvement can 
be obtained using Ultrasound and Ultra Wide Band (UWB) 
technologies with ToA measurements [9, 10] or using AoA 
assisted ToA systems [11]. A survey on UWB based 
localization can be found in [12]. However, these systems 
require extra hardware support like antenna arrays, 
ultrasound and UWB transceivers to measure the time taken 
for the radio wave to propagate between the devices. Hence 
it increases the complexity of the devices and becomes a bit 
more expensive. If we want to use the simple techniques and 
devices such as existing devices for sensors – where 
simplicity and low cost are fundamentally a must – we have 
to use some simple techniques available. Nonetheless it is 
fraught with a trade off concerning the accuracy of the 
measured coordinates of the location.  
RSSI, as an alternative way, is therefore extensively studied 
for localization. However the RSSI measurements are 
susceptible since it is easily affected by the environment 
such as the multipath-fading and obstructions. Therefore the 
distance estimations may be inaccurate. Thus earlier 
investigations have extensively focused on the estimation 
algorithms to improve the range using RSSI measurements. 
Range-free localization algorithms are proposed to 
minimize the inaccuracy of the estimated distance using 
RSSI. In this scheme rather than using the information 
concerning the absolute distance, the geographic 
relationship between target mote and anchor motes – which 
are normally aware of its own positions – are used. For 

example, APIT [13] employs a novel area-based range-free 
approach to perform location estimation by isolating the 
environment into triangular regions between anchor nodes. 
Where as in ROCRSSI [14], each sensor node uses a series 
of overlapping rings to narrow down the possible area in 
which it resides. However these algorithms are mainly 
proposed for a broader area with a large scale deployment of 
sensor network. Further they do not specifically consider an 
indoor environment. Due to the complexity of these 
algorithms, much of the effort is on the simulation studies 
[13, 14, 15] to evaluate the many of the ideas rather than 
actual experiments. Most prototype work is done within the 
signature-based systems, such as RADAR [16] and 
MoteTrack [17], which are empirical localization schemes 
that matches the radio signature, acquired by a roaming 
device. A database is used to map the signature found by the 
roaming device to know the location. These systems can 
achieve accuracy with a mean error distance of 2m to 3m 
[16, 17]. However, the limitation of this scheme is the 
laborious work of the collecting the RF signatures and hence 
results in lack of scalability. 
An experimental study such as PetTracker [18] uses simple 
algorithms that approximate the target location by picking 
the location of the neighbor anchor mote that receives the 
highest RSSI from the target mote. The estimation accuracy 
is very much dependent on the anchor motes’ location and 
density of motes in the area. Another category is the range-
based algorithms which make use of the converted distances 
from RSSI values by using triangulation and typically with 
MMSE to estimate the target’s position [19].  
In the case of a WPN the context-awareness applications 
usually like to know the place where the person is at present 
– who owns the WPN. Thus it is not required to be very 
accurate to the last centimeters but it should give an idea 
about the presence of the person approximately, say, in 
which room on the floor the person is at present. When he 
moves it should be possible to find the next room he is 
going to. Since we want to implement many other 
applications based on the location as an input to context-
aware servers, it is required to be as lightweight as possible 
along with the ambient intelligence – for responding in an 
unobtrusive and invisible way [2]. Moreover, we would not 
have the luxury of having higher density of anchor motes 
except a few motes that are possibly used also for collecting 
some environmental variables. The range-based MMSE 
estimation algorithm leverages simplicity with sufficient 
accuracy in the context of WPN. It has an additional 
advantage that it can be implemented in real-time 
considering the limit on memory. 
We proposed a weighted MMSE algorithm with a simple 
wall attenuation model aiming at the indoor environment, 
which is validated and evaluated through the real-time field 
tests.  The WSN of our localization system is organized as a 
distributed system consisting of anchor motes which are 
also having sensors. A central computation device, a PC 



connected with one mote, processes the data and generates 
location estimation for the context aware applications.  
 
3. EXPERIMENTAL SETUP 
3.1 Tmotes 
We employed a widely used sensor network platform 
Tmote-sky motes which are based on Telos Revision B 
platform [6]. Tmote-sky features the Chipcon CC2420 radio 
[20] for wireless communications. The CC2420 has an IEEE 
802.15.4 compliant radio. Tmote-sky’s internal antenna is 
an inverted-F micro-strip which does not have a perfect 
omni-directional pattern. The specification of Tmote-sky 
says that the radio range is up to 50m. However, it has been 
found that after 16m, the packet drop percentage reduces 
considerably [23]. Therefore, we would like to operate 
motes within this range. The network stack is implemented 
in TinyOS [21] which is an event-driven operating system 
designed for such sensor networks with limited 
computational and memory resources. The prototype was 
developed using NesC [22] which is an extension to the C 
programming language designed to be used with TinyOS. 
 
3.2 Experiments and calibration for prototyping 
The RSSI value is sensitive to the environment and it also 
depends on the power supply. Before using the RSSI to 
estimate the position of the target mote, we did some 
preliminary experiments to see the dependence of the RSSI 
value on the antenna orientation and the distance.  
For the antenna orientation experiment, we put the 
transmitting and receiving motes 4m apart within line-of-
sight, and measured the RSSI values at 8 different antenna 
directions (0o to 360o) in steps of 45o. In Fig. 1, we show 
that the antenna has the strongest strength at 0o about 
-50 dBm, and the smallest signal strength at 90o about 
-65 dBm. We observed that RSSI varies in a range of 
around 15dBm for the static case.  
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Fig. 1: Antenna orientation effect 

For generating the empirical relationship concerning RSSI 
versus distance, RSSI is measured by placing two motes in 
the middle of a narrow corridor 60m 2m× at different 
distances, from 0 to 16m with 2m step. As also observed 

from the prior work [23], the variation in measured RSSI is 
higher when the motes are nearer to each other – in order to 
get a better resolution at the short distance – we took 
measurements from 0 to 1m with a 0.2m step. For each 
distance, RSSI is measured with the receiver’s antenna 
pointing in four different directions (0o, 90o, 180o, 270o) 
with respect to the antenna of the transmitter. Finally the 
average RSSI over these four antenna orientation was used 
to generate the empirical relation (curve). As shown in Fig. 
2 the RSSI decreases when the distance between the 
transmitter and receiver motes increases. Further, RSSI 
changes rapidly within the range of 0 to 4m. That is, the 
same RSSI variation leads to a larger distance variation 
when the distance between two motes is larger than 4m.  
We also plotted the maximum empirical curve which is the 
maximum value of RSSI over 4 antenna directions (0o, 90o, 
180o, 270o) and filter out the points that violate the 
monotonically decreasing trend. This maximum empirical 
curve is used for fixing the boundary of the exhaustive 
searching for the location estimation. Actually, by using the 
maximum empirical curve, we try to include all the 
plausible points of the target mote location. 
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                      Fig. 2: Empirical relation curve 
 
3.3 Localization experiment Scenarios 
The layout of the floor of the building is shown in Fig. 3. 
The physical dimension of the floor is 70m 12m×  with a 
narrow corridor of 60m 2m× in the middle. All the anchor 
motes were located approximately 10cm above the ground 
in the corridor. We first measured and calibrated the error 
with the known positions. We call this a Controlled 
experiment and later we used this measurement to 
approximately find the position of a person in real-time. We 
call this an Online Person Tracking system. In our 
Controlled experiments, all the doors along the corridor 
were kept closed and we conducted our experiments when 
the disturbances along the corridor were minimal. 
Consequently the interference from human activities was 
also less. Online person tracking experiment was executed 
in an actual setting that also had many people moving 
around while tracking the person. 



 
Fig. 3: Floor layout 

 

Fig. 4: Localization experiment sub-scenarios 
 
In control experiments, six motes were used, and six sub-
scenarios are deployed in the experiments. These scenarios 
can be divided into two sets depending on the arrangement 
of anchor motes. The first set we call it as a triangle set with 
3 anchor motes forming an imaginary triangle. It is referred 
as Scenario T-8, T-4, and T-2 corresponding to the different 
horizontal distances, d, between anchor motes as shown in 
Fig. 4. The distance d is 8m for Scenario T-8, 4m for T-4 
and 2m for T-2. The second set is a rectangle set with 4 
anchor motes forming an imaginary rectangle. Three 
Scenarios, R-8, R-4, and R-2 represents the distances, d, 8m, 
4m, and 2m correspondingly. For all these different 
scenarios, Mote-T, the target mote is placed at five different 
locations i.e., Locations 1,2,3,4, and 5 as shown. 
 
3.4 Data Collection 
Anchor motes broadcast BEACON packet periodically at 
rate of 4 packets/second. When the target mote receives the 
BEACON packet, it measures the RSSI value. A collection 
of RSSI value is used to form a new DATA packet and is 
sent on unicast to the base station – that is to the mote which 
is connected to a PC through USB serial port. Depending on 
how often we want to estimate the position, number of RSSI 
values sent in a DATA packet and frequency of packets sent 
would vary. Since the positions of the anchor motes are 
known the routing is predefined and at times it is multihop. 
The packet format is shown in Fig. 5. A Java application is 
developed to listen to the USB serial port to collect raw data 
received by the base station mote. Position estimation is 
made after each 200 RSSI samples were collected by the 
Java application. We use the average RSSI of the 200 
measurements to estimate the location.  

 
Fig. 5: Data Packet format 

 
4. ALGORITHMS USED IN THE PROTOTYPE 
In our prototype we used three algorithms for making a 
comparison of the performance and we selected the one that 
offers least error. The first one is the conventional MMSE [9] 
and the next two algorithms are slightly modified version of 
the MMSE to achieve better results. We present our 
experimental results with a thorough discussion in Section 
5.1 and we compare the results. In the subsequent sections 
we first discuss the algorithms that we intent to use. 
  
4.1 Algorithm 1: Conventional MMSE (C-MMSE) 
Minimum Mean Square Error (MMSE) is a popular 
algorithm which is employed for target location estimation 
using the empirical relation of distance versus RSSI. We 
reproduce the MMSE algorithm here for the sake of 
completeness. We use fixed anchor motes to send beacons 
to the moving target mote to find instantaneous RSSI value. 
The locations of the anchor motes are known apriori. Let us 
assume that N anchor motes are used for monitoring, and id  
is the estimated distance between target Mote-T from an 
anchor mote i  ( , 1,2,3,...i i N∀ = ), which is located 
at ( , )i ix y .  By defining the error estimation function as: 

1
22

1

N

i
i=

⎛ ⎞
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⎝ ⎠
∑                                   (1) 

where, 22 )()(),( eieiieeii yyxxdyxf −+−−==∆     (2) 

and ( , )e ex y is the estimated position in two-dimensional 
coordinates, which is sufficient in most of our cases, the 
estimated position ( , )e ex y is obtained by minimizing ∆  
over a cross sectional region which depends on the known 
error bounds on the distances using empirical relation. A 



note on fixing the boundary of the cross sectional area is 
given in Section 4.4. 
For the RSSI-based estimation method with more number of 
anchor motes resulting in more id s does not guarantee a 
higher accuracy. In many instances, this may result in bigger 
error range. RSSI averaging over many nearest neighbours 
does not yield better performance (see [16]). Thus in our 
prototype we use only three strongest received signal 
strengths for estimation in the algorithms presented in the 
sections to follow.  
For example in Fig. 6(a), the geographical position 
( , )i ix y of the anchor motes A, B and C are known apriori. 
The estimated position E is obtained by 

minimizing

1
3 22

1
i

i=

⎛ ⎞
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⎝ ⎠
∑ .  This is the widely used MMSE 

method which we call here as C-MMSE method. The 
complexity of C-MMSE is much dependent on the number 
of anchor motes involved in estimating ( , )e ex y . We can 
improve the accuracy by adopting some intelligent and 
simple variations of this method as given below.  

1∆
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 (a) Conventional MMSE              (b) Modified MMSE 
 

Fig. 6: Illustrations for Algorithms C-MMSE and M-
MMSE 

 
4.2 Algorithm 2: Modified MMSE (M-MMSE) 
M-MMSE reduces the computing time of C-MMSE and 
also enhances accuracy in many cases. A “qualitative 
weighing” concept is introduced in M-MMSE. Consider a 
situation where we have two anchor motes which are near 
the target and the third one being farther away. Since 
estimated distance from the farther mote provides less 
accuracy generally than the closer anchor motes [23], 
among the three RSSI values, the first two highest RSSI 
values can offer a better reliability than the third one. 
Therefore, in M-MMSE, only two anchor motes with 
biggest RSSI values are involved in the MMSE estimation 
process and we get two possible estimated positions. The 
third anchor mote is used to choose the final estimation 
from the two possible candidates. As shown in Fig. 6(b), 

1E and 2E are the candidate target positions estimated by 

mote A and C.  
1e∆  and 

2e∆ are the estimated differences 
according to mote B’s RSSI value. The final estimation is 
chosen from 1E and 2E which has

1 2
min{ , }e e∆ ∆ . The 

advantage of this method is that we have less target area 
while finding MMSE estimation and thus it is faster, 
moreover since the third RSSI value has lesser accuracy we 
will not be using it in the estimations to avoid higher 
possibility of errors. 
 
4.3 Algorithm 3: Weighted MMSE (W-MMSE) 
In M-MMSE we used the distance calculated from the RSSI 
as it is without modifying them. However, we used the 
lowest RSSI value (low reliability) only to make a minor 
selection. We extend the same idea – that the reliability of 
the estimated distances is lower if the anchor motes are 
farther – to all the RSSI measurements from the anchor 
motes. Thus we try to investigate the accuracy of the 
position measurements by giving higher priority to RSSI 
values that are high. We modulate all the measured RSSI 
values and thus the distances with different weights 
depending on how reliable the measurements are. In this 
algorithm, a quantitative analysis of the reliability that is 
reflected in finding the weights is discussed below.  
Actually, there is no explicit way to give a clear picture 
about the reliability with respect to the measured RSSI. We 
use the indirect way that the resolution of distances 
estimated are higher if the RSSI values are higher. This is 
because of the higher slope in the empirical relation for 
distance with respect to higher RSSI values, referring to Fig. 
2. Thus we use the slopes for calculating weights by 
piecewise linear approximation of RSSI versus distance 
resulting in segments. Therefore, we quantify the weights 
with the slopes of the line segments of the empirical curve. 
We find the various slopes in the empirical relation and then 
we use them to modify the distances estimated from the 
empirical relation with different weights. For each RSSI 
value we get a slope jS  from the empirical relation for jth 
segment. If we have N anchor motes and out of them we 
select a set of three motes, that have the highest RSSI values. 
Let us call this set of these three anchor motes as M = {k, l, 
m}. First, we find the distance id Mii ∈∀ , from the 
empirical relation. j

iS  is the slope found from the empirical 
curve for the mote i having an RSSI which corresponds to 
the segment j in the empirical relation, as shown in Fig. 2. 
Then we define, 

max{ }

j
i

i j
i

Sw
S

= Mii ∈∀ ,     (4) 

where, iw  is the weight for anchor mote i , Mi∈ .  

Now, the C-MMSE is modified as, 
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And estimated position ),( ee yx  is obtained by 

minimizing new∆ . 

  
4.4 Boundary Selection 
Primarily for all the three proposed algorithms we use circle 
overlapping method to determine the probable cross 
sectional area or points and then an exhaustive searching in 
this area yields an optimized location depending on the 
resolution that is sought. However, precise calculation of the 
overlapped area is complex and time-consuming. In order to 
reduce the complexity and at the same time to maintain the 
sufficient accuracy, a rough selection of the boundary of the 
searching area is required. If the selected boundary is too 
wide it can ensure the optimal position but consumes more 
time since we may search over a larger area. Whereas, if the 
selected boundary is too small, then computations could be 
less but there is chance of excluding an optimal position 
from the searching area. 
Because of the antenna orientation effect [25], the empirical 
relation between distance and RSSI is found by averaging 
the RSSI values sampled from four different directions. 
Nonetheless, the mapped distance found from empirical 
relation for circular overlapping may induce potential error 
because of the exclusion of the real orientation. It is shown 
in Fig. 7. In order to include all the possible locations and at 
the same time to keep the computations as least as possible 
we defined maximum empirical relation, that will take care 
of the RSSI measurement errors (see Fig. 2), for boundary 
selection. 

2d
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max1d

( )1 1,x y ( )2 2,x y

 
      Fig. 7: Estimated area selection                          

For example, in Fig. 8, we use three anchor motes with their 
estimated distances to generate three circles. If the three 
circles are partly overlapping as shown in Fig. 8 (a), the 
target mote has the highest probability of being in the 
overlapping area. The searching range xb  on x-axis varies 
from 1 max1 2 max 2 3 max 3max{ , , }x d x d x d− − − to 1 max1min{ ,x d+

2 max 2 3 max 3, }x d x d+ + , where, max id  is the distance found from  

( )2 2,x y( )1 1,x y

max1d

max 2d

max3d

xb

max1d max 2d
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yb
( )3 3,x y

yb
( )1 1,x y ( )2 2,x y

( )3 3,x y

(a) With overlapping area       (b) Without overlapping area  
Fig. 8: Boundary selection 

RSSI vs distance curve but using the maximum empirical 
curve. If the three circles do not have a common 
overlapping area, as shown in Fig. 8 (b), xb ranges from 

1 2 3min{ , , }x x x  to 1 2 3max{ , , }x x x . In this case without the 
common overlapping area, we expand the estimation area to 
make it certain that potential target position is included in 
the search area. The same procedure is applied to find yb . 
Another consideration is the building structure. The selected 
boundary can not be larger than the physical dimension of 
the building and thus it can limit the search area. 
 
5. RESULTS AND DISCUSSIONS 
We first studied our algorithms, positions and patterns of the 
deployment of anchor motes in an ideal situation and found 
the range of the error. We call this as controlled experiments. 
Later we selected the best suited algorithm and deployment 
pattern in our OPT prototype. 
5.1 Controlled experiments  
To examine the antenna orientation effect we measured the 
RSSI values, with Mote-T antenna in four different angles, 
received from three different anchor motes, where Mote-3 is 
the nearest to the target mote, and Mote-1 is the farthest.  
Measured typical RSSI values are shown in Fig. 9 with x-
axis representing the sample index. We can see that there it 
varies within a range of 15dBm over different directions. 
While considering the empirical curve, it is obvious that the 
antenna orientation effect leads to bigger error on distance 
estimation when two motes are farther apart. Further it is not 
possible to find a proper antenna orientation in an online 
system therefore we took RSSI measurements in four 
directions (see Fig. 9). In the controlled experiments we 
used these four directions rather than eight directions as 
depicted in Fig.1.  
Fig. 10 shows the cumulative distribution function (CDF), 
of the estimation error considering all the 6 scenarios. 
Each scenario involves five experimental positions and a 
total of 30 estimations. W-MMSE outperforms all the 
algorithms and C-MMSE provides the least performance. 



For W-MMSE, 25 % of the estimated positions are within 
an absolute error of 0.6m, 75 % estimations within an 
absolute error 1.7m. The results show that W-MMSE has 
better accuracy. 
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Fig. 9: Effect of antenna orientation with three anchor 

motes  
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Fig. 10: Algorithm comparison 

We also consider the effect of anchor motes deployment on 
the performance with respect to the accuracy in finding the 
position. Comparing the different anchor deployment 
scenarios, based on W-MMSE, Scenario T-4, where 3 
anchor motes are used and with horizontally 4m apart, gives 
the best performance, see Fig. 11. We fixed five different 
positions and these positions were revisited with all the six 
different anchor mote deployment scenarios. The estimation 
errors for all the positions are well within 1.5m for Scenario 
T-4. The reason for the Scenario T-4 outperforming all 
others is probably related to the empirical relation. That is 
when the distance is less than 4m, the RSSI versus distance 
has a relatively a sharper slope where the RSSI value within 
this distance is more sensitive, and can reflect the distance 
calculation efficiently. It is also seen that within 2m range 
the RSSI value is higher and one may think that keeping 
anchor motes at 2m apart may offer better result. 
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Fig. 11: Scenarios comparison 

However, we used T-4 since, we wanted to use less number 
of motes and our experiments also showed that T-2 or R-2 
did not perform well at all. 
5.2 Online Person Tracking System Prototype 
Based on the controlled experiment in the previous 
subsection, Scenario T-4 was chosen to deploy the anchor 
motes for real-time tracking prototype. We used a total of 
ten motes with the distance between them being 4m. As we 
see that W-MMSE gave a better result we employed it in 
our OPT system.  
In order to track the real-time position of the target mote, we 
developed an application with GUI to depict the floor plan 
of the building in Java programming language. We display 
the person who is tracked with a red dot. When the person 
moves the estimation would not be perfect however, as soon 
as the person halts we should be able to get an approximate 
position of the person. Some snapshot of the tracking 
system (with the GUI) is shown in Fig. 12.  
While tracking a person who is mobile, fast data processing 
is required. One possible solution is to increase the 
BEACON rate at each anchor. However, it will increase the 
possibility of packet collision. Another possible solution is 
to reduce the number of samples in each estimation. 
According to our experience in working with the prototype, 
the estimation accuracy is not affected by the number of 
samples in a certain range. Thus in the prototype, we took 
60 samples for finding the mean RSSI instead of 200 that 
was used in our controlled experimentation.  
This achieved a good result when person was in the corridor 
where the motes are placed. However, considering the radio 
attenuation by the walls, we added a wall model in the 
estimation. Because all the anchor motes are deployed in the 
corridor, when the person enters the office rooms the 
attenuation caused by the walls was taken into consideration 
in the estimation. A threshold is defined to distinguish if the 
target mote is in the corridor or in the office rooms. Based 
on Scenario T-4, the biggest Euclidean distance between the 
target mote and the nearest anchor mote is 2.5m



 

 
Fig. 12: Real-time tracking Java GUI 

as illustrated in Fig. 13. According to the preliminary 
experiment, we take the smallest RSSI value amongst four 
different antenna directions at 3m as the threshold. For 
single wall, 3 dBm attenuation is accounted. Typically, if 
the target mote is estimated to be inside the office room, 6 
dBm is added to the RSSI value to compensate the wall 
effect. This is due to two walls including the compartment 
wall between the target and anchor mote pair. It is found by 
many experiments that with 6 dBm the target position is 
estimated with less error. 

 
Fig. 13: Biggest Euclidian distance estimation 

We tracked the person in real-time, who was slowly moving 
from one position to another (say with a gap of a minute) 
and recording the position at definite instants. The OPT 
performance was thus found by comparing the recorded real 
position and the position estimated by the OPT. In Fig. 14 
we show the localization performance obtained when the 
person is in the corridor and when in office rooms. Totally, 
36 experimental positions were used in the corridor 
experiment. Considering the results of all the 36 positions, 
50% of the estimations provide an accuracy of about 2m and 
25% of them provide an accuracy of about 1.5m.  
When the person was in the office room, 16 experimental 
positions were used. 50% of them have an accuracy of about 
3.8m; and 25% of them were found to be within about 3.3m. 
And this error is less than the typical size of an office room. 
We also note that we used a minimal number of motes in 
our system and we didn’t deploy motes inside the office 
rooms that would have reduced the error in finding the 
position.    
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Fig. 14: Real-time experiment performance 

 
6. CONCLUSION 
In this work, we implement a testbed for providing location 
information for indoor application. We want to use this 
system for generating inputs for Context–Aware systems in 
a WPN. We employed the RSSI value for the estimation of 
location. Using the MMSE algorithm we proposed a 
weighted MMSE algorithm for improving the accuracy of 
the estimations. We extensively tested the system to show 
that it improves the performance compared to the traditional 
MMSE algorithm. 
Comparing with the earlier results reported in [18], we have 
the similar system complexity however our algorithm out 
performed in terms of accuracy. Compared with the reported 
experiments in [16] [17] based on the similar estimation 
performance our location system is simple since it does not 
involve laborious work of database creation and mapping. 
We also note that the vacillating nature of RSSI 
measurement limits the accuracy in our estimation.  One 
way to solve this is to have a little higher density of anchor 



motes to cover the office rooms depending on the situation 
and floor plan.  
A complete system has been developed. The program 
requires in the specific floor plan to display the estimated 
position of the person on the GUI. The system can be 
adopted for different floor plans with some change in the 
coding. We are planning to make it robust and easily 
modifiable for different environs.  Moreover this system can 
be demonstrated easily. We plan to set up a demonstration 
unit. 
Further we want to study the effect on accuracy by using 
different anchor mote deployment patterns with different 
densities. We want to study the integrated context aware 
system that uses OPT. We plan to explore whether some 
more improvisation can be achieved with respect to our 
estimations. A more precise wall model is another area 
where we want to improve.  
We intend to study the effect of the power supply (or uptime) 
on the RSSI and in turn on the location estimation. We 
would also like to see the results by varying the frequency 
of data collection and processing. An interesting aspect that 
we want to address is to share the same anchor motes for 
detection of multiple targets at the same time. 
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