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Abstract

With the rapid development of mobile computing and embedded system, people have taken an
increasingly keen interest in location awareness, and positioning service system has received more and
more attention as well. Radio frequency identification technology has the advantages of non-contact,
non-line-of-sight, large transmission range and high cost performance, etc. Therefore, this paper mainly
studies RFID positioning algorithm based on RSSI, and analyzes LANDMARC algorithm and VIRE
algorithm. The paper comes up with the triangular grid layout on the basis of VIRE system algorithm,
and makes a comparison of the positioning performance between it and the rectangular grid layout.
Without the application of other data processing means, the positioning accuracy of the triangle grid
layout is higher than that of the rectangular grid layout. At the same time, because of the defect that the
linear interpolation in VIRE algorithm cannot adapt to the indoor electromagnetic environment, this
paper adopts the BP neural network model for solving the signal strength value of virtual tags, and
compares it with the Newton interpolation method, and the results show that the positioning accuracy of
the neural network-VIRE algorithm is higher than that of the linear interpolation-VIRE algorithm and
Newton interpolation-VIRE algorithm by 14.9% and 10.2% respectively.

Key Words: RADIO FREQUENCY IDENTIFCATION, INDOOR POSITIONING, LARNDMARC,
VIRE, BP NEUTRAL NETWORK

1. Introduction

In recent years, wireless communication system
has been growing at an alarming rate. Wireless tech-
nology has entered the fields such as communica-
tions, industry, medical care, consuming applications,
logistics transportation and public security, including
indoor and outdoor positioning [1]. Its development
is closely bund up with people's daily life. At present,
the self-organizing wireless sensor networks can pro-
vide information services including tracking, naviga-
tion, etc. While the development of wireless networks
enable the users to widely gain wireless information
access, thus they put forward higher requirements of
accurate positioning in wireless networks, including
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ing indoor and outdoor positioning. Now, the main
wireless technologies include GPS [2-3], Zigbee [4],
Bluetooth [5], UWB [6] and so on. It is the wide ac-
cess to wireless information that makes accurate
positioning of wireless technology particularly
important. But in the above wireless positioning
technologies, satellite signal required by GPS
positioning indoors is very weak, therefore ac-
curate positioning in the indoor environment is
basically impossible; other wireless technologies
are not suitable for the positioning of the indoor
environment due to the high cost.
Radio frequency identification technology
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(RFID) is a kind of automatic identification technol-
ogy sprang up in the 1990 s, which could make use
of radio frequency signal to automatically identify
object targets [7-8], and to obtain related information
of object targets on the basis of the different types of
signals. RFID tags realize non-contact operation, and
have the characteristics of small volume, large capac-
ity, being free of visible source of light, good penetra-
bility, strong pollution resistance and durability, etc.
Moreover, RFID line-of-sight identification and tags
can work under the bad environment, support fast
reading and writing of multiple targets at the same
time, and realize real-time positioning and long-term
tracking management [9-10]. Its cost is low cost but
it has high positioning accuracy, and can be used on
a large scale in indoor positioning. This paper mainly
studies the indoor positioning technology based on
RFID.

Therefore, this paper is mainly based on the appli-
cation of FRID technology in indoor positioning, and
focuses on different positioning algorithms’ influence
on the positioning accuracy. First, this paper intro-
duces the positioning methods of RFID technology
system, and emphatically analyzes LANDMARC
algorithm and VIRE algorithm which are based on
received signal strength, and analyzes the influence
of algorithms’ parameters on the positioning accu-
racy. Secondly, the paper makes an improvement in
the VIRE system which uses the linear interpolation,
with the distance between the tag and the reader as
the input information, the received signal strength as
the output information, and then the BP neural net-
work model is introduced to connect them. Finally, on
the basis of the experimental test, the paper makes a
comparison between simulation results and the exist-
ing RFID positioning algorithm, and makes an anal-
ysis of the algorithm accuracy of the optimized and
improved model.

2 RFID Positioning Algorithm and Its Optimi-
zation Based on RSSI

The main components of RFID system are tags,
readers, antenna and a wireless network processing
system. According to the different measuring tech-
niques, we can get the strength, reception time, time
difference and the angle of the signals fed back to the
reader by different electronic tags. So the RFID in-
door positioning methods can be mainly divided into
the following four types: method of received signal
strength indicator (RSSI), time-of-arrival method
(TOA), time-difference-of-arrival method (TDOA)
and angle-of-arrival method (AOA). And the paper
focuses on the analysis of RFID positioning algorithm
based on received signal strength indicator (RSSI).
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2.1 LANDMARC System Algorithm

Assume that in the environment needing posi-
tioning, there are U readers, H reference tags and M
to-be-positioned tags, and then the process of solving
the positions of to-be-positioned tags with LAND-
MARC algorithm is as follows, and the LANDMARC
system structure is shown in Figure 1 below.

Figure 1. Schematic diagram of LANDMARC system
structure

1: Define the field intensity vector of the sig-
nal reference tag RT, receives in each reader is
87 =(8},,8},,--S%,) , therein: S7 is the RSSI value
of RT, in the reader, define the field intensity vec-
tor of the to-be-positioned tag L7, receives in each
reader is S; =(S,,,S;,,-..S;, ), therein: S, is the RSSI
value of L7, in the reader & , and define the field in-
tensity distance between RT, and L7, as in formula
1 below:

(1)

Therein: ¢; is Euclidean distance component of
field intensity in the reader, and the smaller E}, is,
the smaller the field intensity difference in the signals
RT, and LT, receive in their respective readers is,
namely the closer the distance between the reference
tag and the to-be-positioned tag is.

2: Vector E,, =(E} E,....ElN) is formed accord-
ing to the calculated Euclidean distance component
of field intensity between L7, and respective reference
tags RT,; select k smallest elements and form col-
lection EP!, =(EP),EP],...,EP) according to the
elements’ value and identify k reference tags corre-
sponding with EP;, as the nearest neighbor reference
tags.

3: Give each reference tags different weight in the
positioning process according to the value of EP,,
and reckon the estimated coordinates of L7, on the ba-
sis of empirical formula as shown in formula 2 below:
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Therein: w; is the weight value of the j ™ near-
est neighbor reference tag, (xy, ,yy, )represents the
known physical position of LY}J’s ]  nearest neigh-
bor reference tag. And if the reference tag is closer to
RT. in position, the weight value given to its posi-
tion information during the positioning process will
be bigger.

2.2 VIRE System Algorithm and Its Optimiza-
tion

On the basis of LANDMARC algorithm, under
the premise of adding no additional reference tags,
VIRE algorithm further introduces virtual reference
tags, gets more accurate positions of tracking targets
by eliminating positions with small probability, and
further improves the positioning accuracy of LAND-
MARC algorithm. The structure schematic diagram
of the introduced virtual tag is shown in Figure 2.

Therein: S, (7, ;) is the signal strength of the
virtual tag on the coordinates (i, j) to k th reader;

a=[-1, b=[21,
n n
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The introduction of virtual reference tags in the
algorithm means that signal intensity values of the
virtual reference tags are mainly considered in the al-
gorithm, and the common VIRE system is mainly ob-
tained by linear interpolation, so n-1 virtual tags are
placed between two adjacent actual reference tags.
Therefore each virtual physical grid contains (n+1)2-
4 virtual reference tags and the actual reference tags.
The signal strength values of the virtual reference
tags on the level line and vertical line can be calcu-
lated by formula 3 and formula 4 below respectively.

Figure 2. The structure schematic diagram of VIRE system

3)

4

0< p<n-1, pstands for modular operation of n
by i; 0<g<n-1, g stands for modular operation
of n by j.
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In virtual grid, the signal strength of the actual
reference tags can be gained through the reader, the
signal strength of virtual reference tags can be solved
through the signal strength interpolation of actual
tags or other fitting models, and then the areas whose
signal strength values are close to that of the to-be-
tested tags can be marked, finally all the close areas
are put into intersection operation, and the coordi-
nates of the tag under test can be obtained.

Through the above analysis of VIRE positioning
algorithm, it is known that the key of the algorithm
is how to get the signal strength value of the intro-
duced virtual tags; the traditional VIRE algorithm
uses the interpolation algorithm, but the relationship
between the signal strength value and its distance is
not linear, so the traditional VIRE algorithm also has
a big error. Therefore, the BP neural network model
is established in this paper to optimize its VIRE algo-
rithm; by defining the distance between the tag and
the reader as the input information, the received sig-
nal strength by actual tags as the output information,
the neural network model is established; and then
the paper analyzes the positioning accuracy based on
Newton interpolation-VIRE algorithm, linear inter-
polation-VIRE algorithm and neural network-VIRE
algorithm. Among them, the block diagram of model
solving process is shown in Figure 3.

3 Model Simulation Results Analysis

This paper mainly makes a simulation, compar-
ison and analysis of the factors affecting the indoor
positioning accuracy, which include the influence of
the virtual reference tag’s number on the positioning
accuracy and the influence of the different reference
tags’ layout on the positioning accuracy; and makes
a simulation and comparison among four algorithms-
---LANDMARC system and linear interpolation,
Newton interpolation-VIRE system, neural net-
work-VIRE system at the same time and evaluates
the advantages and disadvantages of each algorithm.

Simulation experiment setup is as follows: set up
the coordinates of four card readers as (0, 0), (0, 8),
(8, 0), (8, 8) respectively, namely the 8*8m position-
ing area; there are 16 reference tags in total, refer-
ence tag and reader are 1 m apart, each reference tag
is 2 m apart from each other. Since the distance be-
tween reference tags is 2 m, path loss exponent might
be set as 2. Here, take the nearest neighbor tag k = 4,
take 20 points on the tag under test. The experimen-
tal distribution diagram is shown in Figure 4:
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Figure 4. Simulation experiment distribution diagram

3.1 Simulation and Comparison of Reference
Tag Layout

RSSI’s RFID positioning algorithm analysis
shows the influence of the introduced reference tags’
different layouts, and the commonly used layout form
is rectangular layout. Rectangular layout, however, to
a great extent, directly calculates the coordinates of
the tags under test according to the rectangular distri-
bution in spite of the triangular that the nearest neigh-
bor tags form, so the error in the coordinates of the
tags under test error is big. The triangle layout of the
reference tag is used for positioning monitoring to re-
duce the positioning error resulted from reference tag
layout, as shown in Figure 5.

Figure 5. The cumulative error probability curves of dif-
ferent layouts

It can be seen from the simulation results diagram
5, when changing rectangular layout to triangle layout
without any increase in the number of reference tags,
the cumulative error probability curve of the triangle
layout is lower than that of the rectangular layout. We
can see from the diagram that when the error is 0.4 m,
the cumulative error probability of the triangle layout
is only 78%, while the cumulative error probability of
the rectangle layout reaches 93%, and therefore the
positioning accuracy of the triangle layout in the ref-
erence tag is higher than that of the rectangular layout.
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3.2 Simulation and Comparison of Different
Number of Virtual Tags

In general, it may be thought that the greater the
number of virtual tags is and the higher the density is,
the higher positioning accuracy will be. Meanwhile,
because the virtual tags need no cost, people may
blindly increase the number of virtual tags. For VIRE
system algorithm, the experimental simulation is tak-
en to find how virtual tag number affects positioning
accuracy, as shown in Figure 6:

Figure 6. The influence of different virtual tag number on
positioning error

It can be seen from Figure 6 that when N * N (the
sum of virtual tags) is 4 * 4, positioning error is 0.17
m, when N * N is 5 * 5, the positioning error is 0.173
m, when N * N reaches 10 * 10, the positioning error
is 0.169 m, when N * N is 15 * 15, positioning error
is 0.168 m, when N * N is 25 * 25, positioning error
is 0.166 m, when N * N is 30 * 30, the positioning
error is 0.166 m. We can see that when the number of
virtual tags reaches 25 * 25, basically the positioning
error stays at 0.166 m or so without change. There-
fore, when the number of the virtual reference tags
reaches a certain value, the improvement of position-
ing accuracy won't have too much influence.

3.3 Simulation and Comparison of Different
Algorithm Models

In the third chapter, we introduce two kinds
of indoor positioning system algorithms in detail:
LANDMARC system algorithm and VIRE system
algorithm. In the fourth chapter, we come up with a
method which uses Newton difference value for in-
door positioning on the basis of the above-mentioned
system algorithms. In the following part, there is an
experimental simulation and comparison in the influ-
ence of the three algorithms on positioning accuracy.
The model’s initialization parameters are: path loss
exponent n = 2, threshold value th = 2.2, the nearest
neighbor tag number k = 6, virtual tag number n = 5.
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3.3.1 Comparison between LANDMARC Algo-
rithm and Linear Interpolation-VIRE Algorithm

The experiment makes a comparison of simula-
tion error in 20 points under test with LANDMARC
system algorithm and VIRE system algorithm respec-
tively, as shown in Figure 7 below. We can see from
the diagram that, except that the errors at No.13 point
and No. 18 point among the 20 to-be-tested points are
relatively close with the two algorithms, positioning
errors of VIRE system algorithm are much smaller
than those of LANDMARC system algorithm, be
they the points under test in the center position, such
asNo.2,3,4,6,7,8,9,10, 11, 12, 15, 16, 19, or the
points at the edge position, such as No. 1, 5, 14, 17,
20. Experiments show that by introducing the method
of linear interpolation, and making use of the similar
graphs to eliminate the impossible positions of the
points under test, at the same time introducing two
weighting factors to reduce the error calculated, VIRE
algorithm greatly improves the positioning accuracy,
and the positioning system errors of LANDMARC
system algorithm and linear interpolation-VIRE al-
gorithm are 1.1158 and 0.3554 respectively.

Figure 7. Positioning error comparisons between LAND-
MARC algorithm and linear interpolation-VIRE algorithm

3.3.2 Comparison between Linear Interpola-
tion Algorithm and Newton Interpolation-VIRE
Algorithm

Compared with LANDMARC system algorithm’s
positioning accuracy, VIRE system positioning algo-
rithm has a very big enhancement for it introduces
virtual reference tags and uses linear interpolation to
insert virtual tags. However, due to the complex and
changeable indoor environment and multipath effect,
virtual tags cannot obtain the signal strength val-
ue completely depending on the linear interpolation
method, which makes a big error resulting from the
use of linear interpolation for positioning, so we in-
troduce the Newton interpolation method for solving
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virtual tag’s signal strength, thus reducing the error of
virtual tag’s signal strength value. Simulation exper-
iment is performed on VIRE system algorithm and
Newton interpolation-VIRE algorithm, as shown in
Figure 8:

Figure 8. Positioning error comparisons between New-
ton interpolation-VIRE algorithm and linear interpola-
tion-VIRE algorithm

We can see from Figure 8, be they the points under
test in the center position such as No. 2, 3,4, 6, 7, 8§,
9,10, 11, 12, 15, 16, 19 or the points at the edge po-
sition such as No. 1, 5, 13, 17, 18, positioning errors
of Newton interpolation algorithm are smaller than
those of VIRE system algorithm. And the positioning
system errors of the Newton interpolation-VIRE al-
gorithm and linear interpolation-VIRE algorithm are
0.3087 and 0.3554 respectively.

3.3.3 Comparison between Newton Interpola-
tion-VIRE Algorithm and Neutral Network-VIRE
Algorithm

Through the above analysis of Newton interpo-
lation-VIRE algorithm, it is known that when there
are multipath effects and interference factors in the
positioning environment, virtual tag’s signal strength
value need to be solved by nonlinear interpolation
method. But in terms of Newton interpolation meth-
od, it is mainly of smooth transition, without taking
into consideration the existence of fitting effect in the
data itself. In terms of this problem, therefore, this
paper puts forward that BP neural network model as
the core for virtual tag’s solution.

The signal strength values of virtual tag are ob-
tained by BP neural network’s solution, and it is po-
sitioned and simulated. And therein, positioning er-
ror distribution diagram and positioning distribution
results of Newton interpolation-VIRE algorithm is
shown in Figure 9 and 10 below:
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Figure 9. Positioning error comparisons between neutral
network-VIRE algorithm and Newton interpolation-VIRE
algorithm

Figure 10. Positioning distribution results of neutral net-
work-VIRE algorithm

It can be seen from Figure 9 that for all the
to-be-positioned points, all positioning errors by neu-
ral network algorithm prediction are lower than those
of the Newton interpolation method, and No.14 and
No. 20 tags under test are particularly significant,
whose error positioning results are lower as much as
around 0.5. Therefore, using neural network to solve
the virtual tag’ signal energy values are more in line
with the actual situation; therein the positioning sys-
tem errors of neural network-VIRE algorithm and
Newton interpolation-VIRE algorithm are 0.3087 and
0.2064 respectively.

4. Summary

The following conclusions can be reached through
the above model simulation results: (1) For there is
a defect of magnifying error in rectangular reference
tag layout, a triangle reference tag layout is here put
forward, and whose superiority has been proved; at
the same time, through the comparison of cumulative
error probability diagram with rectangular layout, the
results show that the triangular layout positioning
accuracy is higher than that of the rectangular lay-
out. (2) The simulation experiment shows that in the
VIRE algorithm, the bigger number of introduced
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virtual tags does not necessarily lead to the higher

positioning accuracy. When the virtual tag number

reaches a certain degree, it won’t have much influ-
ence on the positioning accuracy. (3) Error compar-
ison and simulation is taken in LANDMARC algo-
rithm, the linear interpolation-VIRE algorithm-VIRE
algorithm, Newton interpolation-VIRE algorithm and
neural network-VIRE algorithm respectively. The ex-
perimental results show that the positioning accuracy
of the linear interpolation-VIRE algorithm is higher
than that of LANDMARC algorithm, and the posi-
tioning accuracy of Newton interpolation-VIRE algo-
rithm is higher than that of VIRE system algorithm,
but neural network-VIRE algorithm has the higher
positioning accuracy, and can better conduct high-ac-
curacy positioning in the extreme environment.
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Abstract

Image feature classification is one of the basic questions of image processing and computer vision and it is
also a key step of image analysis. BP neural network has been extensively applied in feature classification
and it can classify specific objects or features through early learning; however, BP algorithm also has many
defects, including slow convergence speed and easiness to be trapped in local optimum.
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