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Abstract: With the development of positioning services, an increasing number of people and companies pay attention to the
management and protection of the precious goods which they possess, through the determination of its location to achieve the
management purpose [1]. At present, the main positioning way is to use the global positioning system (GPS), but many of the
valuable items are stored in the indoor, and it's hard to receive a satellite signal in the room, so it cannot be accurate positioning.
As a new short distance wireless data recognition technology at present, Radio Frequency Identification (RFID) indoor
positioning technology is very suitable for the indoor positioning. Because it has many characteristics: large amount of data
storage, readable and writable, strong penetrating power, long recognition distance, fast read-write speed and the use of the
characteristics of long service life and good adaptability to the environment, etc. Among the RFID indoor positioning technology
of many positioning algorithms, the three sides positioning algorithm is commonly used, and more mature. At the same time, the
storage space of most valuable items is simple, and the environmental factors have little influence on the signal interference. So
it is feasible to use the three sides positioning algorithm of RFID positioning algorithms to locate the valuables in the indoor.
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Identification (RFID), which as the bottom of the Internet of
things information collection equipment, is becoming more
and more mature. This technology has been widely used in
many fields, such as logistics warehouse, intelligent
transportation, retail and the automatic production line etc.
RFID technology has many characteristics: large amount of
data storage, read and write, strong penetrating power and
long distance of read- write, fast reading speed, long service
life and good adaptability to the environment etc. And it is the
only automatic recognition technology that can realize the
simultaneous identification of multiple targets [2].

Put RFID technology into valuables monitoring and
management, not only can improve work efficiency of items
management, but also can make the location of the valuables
more intuitive, more safety assurance, and also can save part
of manpower and material resources. And then realize the
automation of the management of valuable goods, which also
meet the current trends of intelligent management of goods. It
is an important means to achieve standardized management of
goods [3].

1. Introduction

Currently, valuables supervision technology often focused
on video monitoring, infrared sensor and magnetic induction
door etc. And the monitoring approaches are divided into two
types: active and passive. The existing monitoring equipment
has its own merits, but when applied to the supervision of the
valuables, obvious weaknesses could be found, for instance,
video surveillance information is huge, transmission and
storage cost is high, and the monitoring method is passive,
what’s more, it doesn’t has the abnormal event detection and
alarm function, and needs specialized personnel uninterrupted
patrol monitor; And infrared monitoring is largely affected by
the environment, monitored infrared can be avoid, criminals
who master this technology can easily steal the monitored
items; The magnetic induction door is mainly used for
monitoring the people who past entrance.

In recent years, with the continuous development of
information  technology, wireless Radio Frequency
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In the indoor environment, because of the presence of walls
and ground reflection, furniture, facilities, and personnel to
move around, so that the wireless communication becomes
very complex. Signal is disturbed by the environment, will
produce multipath phenomenon, and when the direct path is
blocked, it will produce more serious non line of sight, which
has the greatest impact on the RFID tag positioning system. In
order to solve this problem, in literature [4] using multi
antenna in RFID system, using Mi Mo technology to achieve
accurate fault location, so as to improve the accuracy of
positioning; literature [5] proposed a modified sub phase
method to enhance the robustness of the positioning system. In
addition to the accuracy of the measurement can be improved.
We can also improve the positioning algorithm to improve the
positioning accuracy.

Among RFID indoor positioning technology of many
positioning algorithms, the three sides positioning algorithm
is commonly used, and more mature [6, 9, 10]. Based on the
original three side positioning algorithm, this paper proposes
an improved scheme, which is more suitable for location
management of indoor valuables.

2. Correlation Theory
2.1. Source of RFID Technology

RFID (Radio Frequency Identification) technology, also
known as wireless Radio Frequency Identification, is a kind of
communication technology. A specific target and read -write
data can be identified by the radio signal, without the need to
establish a mechanical or optical contact between the system
and the specific target.

In the actual application process, according to the different
application purposes and application environment, the
composition of RFID system will vary, but from the working
principle of RFID system, in general, the system is composed
of by several parts, such as the signal transmitter (general as
electronic label), signal receiver (Reader), transmitting and
receiving antenna, its working principle is shown in Figure 1:

Antenna
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% Computer Terminal

Figure 1. RFID system working principle diagram.

Electronic Tag

The reader sends a certain frequency of radio frequency
signals through the antenna, when the electronic tag which is
attached to the target object went into the signal range, it will
initiative issue the relevant information that stored in the
active electronic tag to reader. After the reader receiving and
decoding, it is sent to the central information system by the

way of wireless transmission [6].
2.2. RFID Positioning Principles

From the basic ideas, RFID positioning principle and
common positioning (such as GPS positioning) are basically
the same idea. The core technology of positioning is actually
distance measurement. If we know the specific coordinates of
some points related to the unknown point in space, the
coordinates of unknown points can be calculated by a certain
positioning algorithm. Pahlavan and his friends proposed
wireless positioning system framework [6] which including:
location detection device, positioning algorithm and terminal
display system. These three parts are shown in figure 2:

TOA. AOR, RSS etc. algorithms,

Position coordinates is (x ,y ,z)

_’ Position detection

wireless signal------

_> Position detection

Figure 2. Wireless positioning system framework.
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Algorithm control system

In this thesis, all the valuables in the storeroom are attached
with electronic tags, and the reader and the back-end server
can achieve wired or wireless connections. Using the reader
monitoring the electronic tags, to realize the monitoring and
management of the valuables.

2.3. RFID Positioning Algorithm and Its Application

RFID wireless signal propagation in different environments,
often subject to reflection, diffraction, multipath and non line
of sight and other factors of multiple effects. Currently in
two-dimensional positioning, the three sides positioning
algorithm is commonly used. By the common sense, if the
three reference nodes are not in the same line, the distance
between the unknown node and the reference nodes can only
determine the position of the unknown node. However, in the
actual process of positioning, measurement error is inevitable,
so three circles formed by the distance of unknown nodes and
three reference nodes could not accurately over to a point, that
is to say, it is impossible to accurately determine the position
of the unknown node, as is shown in Figure 3 [8]:

* Known nodes

¢ Unknown nodes

Figure 3. Three sides positioning effect chart.
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Take the reference node as the center of a circle, the shadow
region above is formed by the three measurement radius R1,
R2, R3 read-write device. Solving the equation, the range of
the solution is in the shadow region. The smaller the shadow
area, the more accurate the solution will be. Therefore, many
scholars have proposed an improved three sides positioning
algorithm. Among them, six scholars included the Peigang
Sun, Hai Zhao, Guangjie Han [9] proved that when the three
reference nodes were placed in an equilateral triangle, the
positioning error can reach the minimum.

In this paper, we use this improved three sides positioning
algorithm to position and supervise the valuables in the
storeroom. The specific algorithm is shown as follows.

As we all know, RFID radio frequency signal propagation
speed can be expressed by the approximation of the speed of
light (¢ = 3x10® m/s). Thus the calculation formula of distance
can be indicated as Ri = (ti - t0) x c, as is shown in Figure 4.
According to the principle of proximity, we can set three
reference points (A, B, C and A, B, C are just form an
equilateral triangle) in the nearest position of the target P,
calculating the position of the targe [7].

Figure 4. Positioning diagram.

The specific calculation process is given below. First,
calculate the distance of the target P to three reference points
(A, B, C):

R =x*+y?
RS = (x, —x)* + (v, —¥)* (D
R} = (x3 — x)* + (y3 — ¥)?

Then, the coordinates of the target P can be calculated by
using the matrix operation:

[Xz Yz] [x] _1[K7 — R} +Rf] )

X3 yallyl ~ 2|k2 — RZ + R?

And, K2 =R+ x’

The above algorithm can be applied to the control of
valuables in the storeroom. The research found that under the
general circumstances, the effective area of the valuables
storeroom is about 40 m”. We can install 3 sets of static RFID
reader in the indoor. In order to ensure that the positioning
error is minimized under this algorithm, we will put these
three sets of the readers in an equilateral triangle’s vertex.
Each reader is connected to the back-end management system
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in a wired way. Through the positioning algorithm and the
relative position between the 3 readers and the electronic tag
on the goods, we can achieve the valuables monitoring,
including to make timely feedback of the valuables in and out
of storeroom, ectopic, and be stolen, etc. As the position of
each goods is generally determined, and the position of each
goods was collected in advance in the system database, if the
positioning system found goods ectopic, move or beyond the
reader reading area (a non normal outbound), the data will be
immediately transmitted to the management system through
the wired network and make the corresponding prompt or
alarm.

3. Design and Implementation of
Valuables Monitoring System and
Positioning Algorithm Simulation

3.1. System Design

The design of valuables system should follow the following
principles: 1) Security; 2) Reliability; 3) Practicability; 4)
extendibility; 5) Progressiveness [2].

Through research we found that traditional valuables
monitoring system is generally aimed at the management of
the goods in the static condition in the indoor and the simple
registration of out of the storeroom. But failure to achieve the
function of the goods in and out of storage or anti-theft
monitoring or alarm processing in the storeroom. Therefore, in
the simulation, we add the position management and alarm
processing of the goods in the database, through the RFID
technology and the positioning algorithm in 2.3, we can
achieve the dynamic monitoring of the valuables storage
process and the anti-theft.

The following chart is the RFID wvaluables dynamic
monitoring system design schematic, due to space limitations,
there is no detailed visual system interface. The system
consists of three modules: system management, valuables
database management, configuration and maintenance, each
module has a number of corresponding sub modules, as is
shown below:

Basic Settings
—| System Logout
System =
— Password (,hungu]
Management
User Management
LLog Management

nventory

Abnormal Alarm
Daily Monitoring
Out or In of
T Storage Allocation
Outbound Storage Apply
Query Manager Put Goods Back
- in Storage
Configuration
Management
Database
Maintenance
System
Monitoring

Figure 5. RFID valuables dynamic monitoring system design schematic.
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3.2. Positioning Algorithm Simulation

In 2.3, we have discussed the application of the three sides
positioning algorithm in the valuables management. In our test,
we installed 3 readers in a valuables storage which is about 40
m’ and adjust the radius of read-write to 15m, in this way, it
could be completely covered. Now we are aiming to simulate
the management of valuables position in indoor, as is
described in 2.3, we can install 3 sets of static RFID reader in
the storage and put these three sets of the readers in an
equilateral triangle’s Vertex [10].

The coverage area of the reader is shown in figure 4, among
them, A(0, 0), B(x2, y2) and C(x3, y3) are the settlement
points of the 3 readers, whose purpose are monitoring the
target goods P(x, y).

In the experiment, after we finished the layout of the reader
and other hardware and software facilities, first of all, we
collect all the position information of the goods. The purpose
is to carry out real-time dynamic monitoring of each goods in
the information database, whether it is the goods
misplacement or doesn’t match the goods or the abnormal
information in the process of monitoring, we can obtain all the
real-time information and get the prompt message. During the
experiment, we also simulated the goods misplacement. If any
goods are misplaced in the storeroom, the system will
immediately show red, indicating that the position of the
goods is incorrect, and at the same time voice prompts
“dislocation, please reset!” The process is shown in the
following Figure 6:

Inbound

l

Recognition and F

prompt location

l Color
Follow the prompts to enter and
sound

udgment is right or not

Storage success

Figure 6. Simulation of goods misplacement.

In the experiment, we further simulated the phenomenon of
the vaulables away from the storeroom without any reason.
We put the goods, which with electronic tags and has been
already registered in the storeroom, out of the storeroom (there
is no requirement of whether it is in the covered range of the
reader). As shown in Figure 7, it is the reconstructed scene in
Cartesian coordinates, A, B, C are the dispatched points of the
3 readers and M is the position point of the test goods.

°
c(1,7) .M(16 , 5)

\ 4

Figure 7. Simulation coverage chart.

It can be seen that M is in one of the reader's coverage but
it's out of the coverage of the other two readers. According to
our algorithm description, at this time, it should be unable to
locate, and then the system will recognize the goods is not in
the storage and disappeared without a trace. Then, the system
will automatically pop up a dialog box prompt and alarm. In
fact, at this point the reader C is able to identify the goods M,
indicating that the goods are out of the storage but still in the
vicinity, when this situation occurs, the system will also make
the corresponding prompt.

4. Conclusion

Based on the field investigation, this paper analyzed the
existing problems of valuables management system, and puts
forward the corresponding solution measures. Compared with
other research, the innovation of this paper lies in the
application of RFID technology in the real-time monitoring
and management of valuables. On the basis of ensuring the
static management of goods in the past, the real-time dynamic
monitoring of the goods is realized, the manpower and
material resources are reduced, and the informatization and
automation of the monitoring system are improved.

The positioning algorithm mentioned in this paper may not
be the best algorithm. To fully realize the immediately
reminder of the mistaken and misplacement of the valuables
may require more accurate algorithm.

In this paper, based on RFID technology, the research on the
dynamic monitoring system of valuables is lack of practicality,
whether in the structural design, or in the realization of the
function, the actual situation may be considered insufficient.
We clearly know that in practical applications, the dynamic
monitoring of valuables must have a lot of situations and
unexpected events that we can’t predict, the content of the
study still needs to be verified and improved in practice.
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