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ABSTRACT

Basically used for contactless identification, Radio Frequency Identification (RFID) technology was originally
thought as a complement for the drawbacks of the Barcode. Due to its capabilities and on-going drop in cost,
researchers have started to look into other areas where RFID can be employed. One such area of research is
Real-Time Location Tracking (RTLT), especially for indoor environments. While technologies such as Ultra-
Sound, Infrared, WiFi, Bluetooth and GSM have been considered for indoor localisation, their requirements for
line of sight and/or prohibitive cost have hindered their successful adoption. We are therefore presenting a low-
cost solution using RFID technology which we refer to as the ‘Overlapping Zone Partitioning’ (OZP) technique
that can be implemented using basic off-the-shelf RFID Readers and which has been derived from the zone-
based localisation technique. We have successfully implemented OZP and evaluated its performance. It has
been found that its accuracy is enhanced by nearly 40% in comparison to a normal zone-based localisation
system. Its performance in terms of correct zone classification is within the range of 80-90%.
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1. INTRODUCTION

Radio Frequency Identification (RFID) can be understood as a technology primarily used to identify
‘things’ by emitting radio waves and interpreting the responses received. A basic RFID system
consists of at least one reader and tags, also known as transponders. There exist two main (although
hybrids exist) type of tags [2]: (i) Active tags, having their own power-source in the form of batteries
and usually offering longer detection ranges. (ii) Passive tags, on the other hand, rely on the power
transferred wirelessly from readers to respond. This implies a much shorter range but virtually
unlimited lifetime.

One of the earliest uses of RFID was during WWII [1] whereby radio signals were used to distinguish
friendly planes from that of enemies and is known as the Identification Friend or Foe (IFF). Since
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then, RFID has been employed in a large variety of applications such as Security [1, 3], Supply Chain
Management [4, 5], Healthcare [6, 7], Luggage Management at airports [8] and many others.

Real-Time Location Tracking [RTLT] is another area which has interested researchers of RFID [9].
While GPS is well-known for its localisation capability in outdoor environments, signals from
satellites can hardly penetrate into buildings thus making it useless for indoor localisation. Using
short-range signals such Ultra-Sound [10] and Infrared [11] is effective only when there is line of
sight and the presence of obstacles hinders performance. WIFI [12], Bluetooth [13] and GSM [14] on
the other hand involve a high investment cost for the equipment needed. Since RFID technology has
no requirement for line of sight and its cost is going down, it is seen as good candidate for indoor
localisation.

Several techniques proposed for using RFID in localisation have been reviewed. Most of them are
costly and require specialised RFID Readers and/or a great number of readers for the systems to
function. Based on our earlier paper [15], we have found that the Overlapping Zone Partitioning
(OZP) technique can theoretically overcome the need for specialised readers and significantly cut-
down cost. OZP is an enhancement of the basic zone-based localisation technique. We have designed
and implemented OZP to confirm our expectations published in [15] in a real-life scenario.

This paper is organised as follows: A brief introduction to the RFID technology was given as well as
the current drawbacks of indoor localisation techniques and we have proposed OZP as a solution in
this section. Section 2 explores the related works performed in the area of localisation making use of
RFID. Section 3 explains the rationale behind OZP and its design. The implementation is presented in
section 4, while the results obtained from OZP are presented and discussed in section 5. We conclude
in section 6 with a reflection about OZP and future works.

2. RELATED WORKS

Previous works on localisation using RFID have focussed on the use of metrics such as time, angle
and signal strength [15, 16, 17]. Algorithms making use of one or a combination of these metrics can
then compute the location of an RFID tag. The main algorithms are described briefly below.

2.1 Multilateration

Distances of object from Readers

..........

Figure 1. Localisation using trilateration

Often confused with triangulation, multilateration is about deriving the coordinates of a tag by finding
the intersection points of three or more readers' distances from the tag. The minimum number of
readers required is three, in which case it is referred to as trilateration, shown in Figure 1. By using
more readers, thus the term ‘multilateration’, accuracy can be further enhanced. This has been one of
the most popular localisation algorithms used by researchers. [18-20]
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2.2. Bayesian inference
Making use of probability and recursion on a set of data collected through an appropriate metric,
particularly signal strength, coordinates of a tag can be obtained. Bayesian inference-based algorithms

are often used to track mobile objects. [21-23]

2.3. Nearest-neighbour

—9 00 @

Reference Tags

Figure 2. Using reference tags with known location to compare signal strength similarity

By placing reference tags in a grid layout as in figure 2, tagged objects can be located by comparing
their signal strengths with that of the reference tags. Since the location of those reference tags are
known beforehand, those with the greatest similarity with the tracked object are used as location
estimate. It has been used in LANDMARC [24] and several other systems such as CN-TOAG [25]
which tries to optimise the nearest-neighbour reference tag comparison process.

2.4. Proximity

Object being loczted
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I

Mznuzlly moving reader

Figure 3. Proximity localisation using a mobile RFID Reader
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Using mobile readers with small coverage areas, tracked objects' locations can be determined by
moving around and figuring when tags can be detected. This has been depicted in figure 3 for
instance, He, T. et al [26] used it for localisation in a wireless sensor network while Song, J. et al [27]
used it to locate materials on construction sites. [28]

2.5. Kernel-based learning

A bit similar to the proximity-based algorithm, the Kernel-based learning method is a more
generalised one due to the fact that coverage areas overlap in arbitrary shapes. A sample of training
data, consisting of radio signal readings transmitted from a number of access points and received at a
training point along with that of their physical distances in the form of a vector is fed into the
algorithm which learns its parameters based on it [29, 30].

Most of the research work assumed that RFID readers used for implementing those algorithms are
capable of providing at least one metric. However, such is not the case for the majority of RFID
readers available on the market. Thus, coming up with a localisation technique that can be
implemented with low-cost and readily available readers will benefit potential stakeholders in the
short-term while the cost for more advance readers remains high. This warrants our OZP localisation
technique presented in the next section.

3. DESIGN OF OVERLAPPING ZONE PARTITIONING (OZP)

OZP’s design is based on our previous work [15] for the development of a zone-based localisation
technique. For a first instance, we have used a 50 metres corridor in the Computer Science
Department Building at the University of Mauritius as testing area having some mobile obstacles in
the form of staff and students.

OZP makes use of active RFID tags thus having longer detection range, three RFID readers with
omni-directional antennas for covering the different zones and two RFID readers with plate antennas
for tracking entrance/exit points.

RFID Rjnadors

Figure 4. Overlapping of Coverage Areas

Using a normal zone-based approach, only three zones of larger areas would have been obtained. By
overlapping the coverage areas and using the intersecting areas, that is, where the reading ranges of
two readers overlap, we obtain two more zones as shown in figure 4. The five zones are defined as
follows:

Z1= A+B’+C’
72= A+B+C’
7Z3= A’+B+C’
7Z4= A’+B+C
75= A’+B'+C
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Whereby A, B and C are RFID Readers and Z1-Z5 are the five zones.

RFID Reader RFID Reader RFID Reader
RFID Reader X RFID Reader Y
(Plate (Plate Antenna)

Figure 5. OZP’s Hardware Deployment

The RFID readers are connected to a Local Area Network (LAN) along with the Server as shown in
figure 5. In our case, the existing LAN infrastructure on the university campus has been used and each
reader has been manually configured with an IP address along with the IP address of the server.
Reader A, B, and C are placed along the corridor while Reader X and Y are located at the
exit/entrance points.

4. IMPLEMENTATION

4.1. Hardware Configuration

In order to implement OZP, some parameters such as the gain configuration for each reader and the
distance to leave in between every two readers had to be determined. Thus, we proceeded with some
data gathering using the demo-software that came with the RFID readers’ SDK.

Figure 6. RFID Equipment used (RFID tags and readers)

Using ten sample tags (shown in figure 6), we have collected data on what percentage of these tags
are detected at different distances with varying gain values. The graph below was then generated
based on the data.
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Figure 7. Successful Detection Percentage

Our readers’ gain-value can be configured with values between 0-31 inclusive, with O offering the
largest coverage area. The graph in figure 7 is crucial for determining the most appropriate gain value
and placement of the readers. Based on the graph, we have seen a significant drop in percentage of tag
detection between the 5Sm & 15m distances at a gain of 25 and 15m & 20m distances at a gain of 20
(indicated by the vertical double-arrow lines). We have chosen to use the second drop, 15m & 20m,
since this will allow a larger area to be covered by the system.

Distance In Metres 5|10(15|20|25(30|35|40(45|50

Reader B Coverage

Reader A Coverage

Reader C Coverage

Coverage of all Areas -

A /]

Figure 8. Distance Coverage and Readers' Location

ReaderC

The readers’ location and their distance from one another is shown in Figure 8, along with the
different zones depicted by different colours. The placements of the readers A, B & C are indicated by
the three red arrows in Figure 9. While readers X & Y (with plate antennas) have been deployed at
entrance/exit points as shown in figure 10.
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Figure 9. Readers' placements across the test-area

Figure 10. Plate Antenna placed at an entrance/exit point

Table 1. Time difference between each reading

(without starting difference)

Reading/ Time Reader | Reader | Reader
Difference(Ms) A B C
1St 5430 7016 4029
ond 2543 2541 2437
3" 2450 3244 1640
[ 4™ 3209 1615 3229
5 2408 1610 2417
6™ 2408 2409 2441
7 2433 3236 2413
8" 2408 1615 2415
g 2408 2409 2422
10" 2461 2465 2411
Average time difference 2815.8 2816 2585.4
Average time difference 2545.333 2396 2425
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Time Interval Variations
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Figure 11. Time Interval Variations between readings

Data from the RFID readers are received in bursts at irregular intervals over the local area network.
Table 1 shows the time difference data collected and has been used to generate the graph in figure 11
from which it can be seen that the first burst of data usually takes the longest time to reach the server
while the subsequent bursts are less than 4000 milliseconds apart. From the data gathered we have
also noticed that frequently the first burst contains no tag data at all and should therefore be discarded.
Subsequent bursts can also miss data from a few tags. But in 90% of cases, 3 consecutive bursts of
data ensure that all tags within the detection range are detected. Thus at most 20000 milliseconds
((3*4000) + 8000), are required for gathering sufficient tags’ data for zone classification.

\

4.2. The software application

-

RFID Data
Gathering <
SQL Server:
> Storage of
”| RFID and
™| AssetData

Zone
Classification <
Data Validation Information
Thread < Retrieval, Display

\ and Management /

Figure 12. Main modules of the software application
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We have implemented the OZP application through four main modules as shown in figure 12. The
‘RFID Data Gathering’ module acts as a server, listening for data bursts sent to it by RFID Readers
over the local area network. The data is temporarily stored in database for classification.

The ‘Zone Classification’ module is triggered every time sufficient data has been gathered or a time
limit has been reached, that is, the end of a data gathering cycle. A simple algorithm classifies the
RFID tags into their respective zones based on the combinations of readers that have been able to
detect a tag during a data gathering cycle. The current zone for each tag is then updated in database.

Running in parallel, the ‘Data Validation Thread’ ensures that the current zone for each tag is still
valid. That is, if during a detection cycle, not a single reader in the system has detected a particular
tag, the latter’s current zone needs to be updated to indicate that it has not been detected in any zone.

And the final module, the ‘Information, Retrieval, Display and Management’ module is responsible
for feeding information to the user interface for display and allowing users to interact with the data
collected.

Monitoring of Vanishing Assets | | I | | I

Display Refreshing Rate HNSEEEEEEEEEEEEEEEEEE

|:|= 5 seconds

Figure 13. Threads triggered periodically

Figure 13 Shows the main threads which run periodically in parallel. The ‘Zone Classification’ thread
is triggered every 15 seconds while the ‘Monitoring of Vanishing Asset’ from the Data Validation
thread runs every 20 seconds. And the refreshing rate for the display is 5 seconds.

5. RESULTS & DISCUSSION

After deployment of the system, we have tested it to validate our expectations. The test area is a
corridor inside the Computer Science Department building at the University of Mauritius and is 50
metres long and 2.4 metres wide. We have deployed the readers as described earlier and used ten
RFID active tags.

We tested two aspects simultaneously. These are:

(i) Cases where RFID Tags are within the boundary of a specific zone

(ii) Cases where RFID Tags are at varying distances outside the normal coverage area of the zone
in (i).

Table 2, below, contains the data collected on the percentage of tags that have been correctly
classified. A 2-period moving average was then performed in order to identify the trend.
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Table 2. Percentage and Moving Average of Correct Zone Classification

Reading 1st | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | 9th | 10th | Average
Number Percentage
Percentage of
Correct Zone
Classification | 80| 70| 70| 90| 80| 80| 90| 70| 90 70 79.0
2 Periods
Moving
Average 75 | 70 | 80 | 85 | 80 | 85 | 80 | 80 80 74.5
Percentage Of Correct Zone
Classification
100 -
&
g 60 - —9% Correct Zonings
9 (within 15 metres)
S 40
&
20 + =2 per. Mov. Avg. (%
Correct Zonings
0 (within 15 metres))
e e e e s e o e s
- g M S N WO~ 0O 2
Readings

Figure 14. Percentage of Correct Zone Classification

From the graph in figure 14, we see that the OZP system has correctly identified the zone in which the
RFID Tags were located in 79% of cases on average. Based from the data gathered, we have found
that the upper accuracy limit has unfortunately not exceeded 90% while the lowest accuracy scored
was 70%. The moving average shows that in most cases, the accuracy level was maintained between

80% and 90%.

Table 3. Percentage of False Positive Zone Classification

Reading Number 1st [ 2n | 3rd | 4th | 5th | 6th | 7th | 8th | 9th | 10th | Average

d Percenta
ge

False Positives

(15m>Distance<=20m

) 30| 40| 20| 30| 40| 20| 40| 40| 30 40 33.0

False Positives

(20m>Distance<=25m

) 20| 10| 20| 20| 10 0| 10| 10| 20 20 14.0

False Positives

(25m>Distance<=30m

) 0 0 0 0 0| 10 0 0| 10 0 2.0
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Percentage Of False Positives Zone

Classification
50
o 40 -
? 30 ———False Positives
o (15m>Distance<=20m)
o 20
& 10 /_/_ ——False Positives
0 - \/ _ _ (20m=>Distance<=25m)
% T B S £ £ £ £ £ £ False Positives
TN ™ T 1wV~ ® o0 9 (25m>Distance<=30m)

Readings

Figure 15. Percentage of False Positives Zone Classification

Since radio signals have no concrete boundary as such, we expected to have some false-positive zone
classifications. These occur when RFID Tags theoretically beyond the coverage area of a reader is
detected by the latter. These are caused mainly by reflection and multipath effects of the radio signals.

Within a distance on 5m from the 15m coverage area-radius, we have obtained a 33% false-positive
classifications on average. But this has significantly dropped to 14% and 2% when moving further
away (a distance 10m and 15 metres respectively for RFID Reader) as shown in figure 15.

We have observed that the correct classification and false positive cases were being affected by a
number of factors. These are:

e The positioning of the RFID Readers and Tags

Readers placed at a higher distance from the floor tended to have a longer reading range than
when placed directly on the floor. However, at ceiling’s height, the range was almost similar
to that at the floor’s level. In order to maintain uniformity during testing, we placed all
readers at a 50-metres height. The orientation of the RFID tags also played a role in the
probability of them being detected. This becomes more important at distances beyond 10
metres. Tags laid flat were less likely to be detected than those whose flat surface was
perpendicular to the floor.

e Presence of people in the test area

While the radio signals could travel through obstacles including humans, the coverage area
was reduced with the presence of people in the test area. However, since most people were
not stationary, the application successfully detected the tags within its normal coverage area.

¢ Opening and closing of doors along the test area

We noticed that in cases when doors were kept open along the test area, the coverage area
tended to decrease. This was probably due to the fact that the signals were being reflected by
the walls and doors all along the test area to cover longer distances which could be hampered
when doors were kept open.

A comparison between OZP and a normal zone-based localisation system has been carried out. With
the same number of RFID readers and same test area, we have obtained the following location
accuracy:

OZP: 10m * 2.4 m= 24 Metre Square & Normal Zone-Based: 16.7 m * 2.4 m= 40 Metre Square.
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where 2.4m is the width of the test area, 10m is the diameter of a zone (out of five) in OZP while
16.7m is the diameter of a zone in a normal Zone-Based system having three zones. We find that the
accuracy has been enhanced as shown by a reduced location area by 40% (((40-24)/40)*100).

6. CONCLUSIONS & FUTURE WORK

OZP has been demonstrated as an easily deployable system, capable of using basic off-the-shelf RFID
readers and with minimal investment in terms of financial cost and implementation time.

Based on test results, we have found that OZP can perform classification with an accuracy of up to
90% even in cases where there are obstacles such as doors or even people in the coverage area. In
comparison to a normal zone-based system, OZP yields locations 40% more accurately.

However, more testing is required to determine its suitability in areas separated by concrete walls.
Future works will revolve around adapting OZP for such cases as well as enhancing its accuracy by
programmatically varying coverage radius of each reader to create more zones but smaller in area.
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