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USING THE LOW POWER WIRELESS NETWORK FOR
OBJECT POSITIONING

Martin Lauterbach 1, Ondrej Karas 2, Michal Lauterbach*

Summary: The article describes a system for object positioning with use of low power
wireless network. In the introduction there are outlined possibilities of distance
measurement in a wireless network. The first part presents the built system using the
received signal strength (RSS) method for distance measurement. The second part
deals with distance measurement in the network. The third part describes a
positioning method based on object distance measurement from multiple locations.
Similar systems are used to track goods in storehouses and production halls.

Key words: wireless networks, received signal strength, goods tracking, SimpliciTl, distance
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INTRODUCTION

Increasing integration and power reduction of electronic devices allow us to build
wireless networks with long-term functionality powered only by primary cells. These
networks are mainly used in home automatization and in building security systems. This
article describes possibilities of position estimation in these networks. On this basis an idea
of wireless elements network used for position estimation in areas where it is not possible to
use GPS arises. Similar systems are used for monitoring of goods in storechouses and
production halls. It can be used also for tracking and monitoring of moving equipment.

A primary condition for estimation of position is a possibility to estimate the distance
between two points. In these positions there will be placed elements of our network.
Furthermore, we have to select the method which will be used for measurement of distance.

The article (2) describes a very accurate measurement by the TDOA (time-difference-
of-arrival) method. A high measurement accuracy needs a high-quality receiver with a
complicated construction therefore it is not suitable for a cheap and low-power solution.

The second option is to measure the delay caused by a signal propagation in space. This
is called the time-of-flight (TOF) method. System using this method is outlined in the article
(3). In this case the measurement is based on a double-path delay, ie. the total propagation
delay of the interrogation and the reply. If we consider that the time of propagation of signal
is approximately 3.3 ns per 1 m, it is not easy to found a simple and cheap solution offering
such time resolution.

! Ing. Martin Lauterbach, University of Pardubice, Faculty of Electrical Engineering and Informatics,
Department of Electrical Engineering, Studentska 95, 532 10 Pardubice,
E-mail: martin.lauterbach@student.upce.cz

* Ing. Ondfej Karas, University of Pardubice, Faculty of Electrical Engineering and Informatics, Department of
Electrical Engineering, Studentska 95, 532 10 Pardubice, E-mail: ondrej.karas@student.upce.cz

3 Michal Lauterbach, University of Pardubice, Faculty of Electrical Engineering and Informatics, Department of
Information Technology, Studentska 95, 532 10 Pardubice, E-mail: michal.lauterbach@student.upce.cz

Lauterbach, Ma., Karas, Lauterbach, Mi.: Using the low power wireless network 101
for object positioning




Number 4, Volume VII, December 2012

On the other hand most of circuits used for construction of wireless sensor networks
monitors the received signal strength (RSS). This parameter application is described in the
article (4).

A suitable wireless solution could be found using an integrated low-power
microcontroller with the circuit CC430F513x (5) from Texas Instruments, fitted with a RSSI
(received-signal-strength-indicator). A position estimation system based on this integrated
circuit using RSS method is described below.

1 SYSTEM ARCHITECTURE

A position estimation system of a minimal cost and maximum simplicity was the main
goal of our design. The system arrangement is shown in the figure (1). The system is
composed of several end devices, with known positions and of one device estimating its own
position (the locating node). It is possible to connect PC to one of the end devices to provide
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Fig. 1 — System architecture

1.1 Hardware

All devices in the system have the same hardware. As the base of each device the
integrated circuit CC430F5137 from Texas Instruments was chosen. The given circuit
contains a low-power 16-bit microcontroller MSP430 and an RF comunication circuit
CC1101 (6) in one package. Only several passive components are necessary (crystal 26 MHz,
impedance matching of RF output, decoupling capacitors etc.) to add to build the whole
device.

System is working at frequency of 868 MHz in the ISM band. A monopole antenna with
vertical polarization was chosen as an optimal solution because of its smooth horizontal
radiation pattern. The antennas of all the devices in the system should be situated in the same
height to eliminate effects of their radiation pattern.
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The power supply has a range of from 2.2 Vto 3.6 V. It enables to supply devices
directly from two alcaline 1.5 V cells. Peak current consumption of one device is less than 30
mA. Average value is below 1 mA for the end device. An average current value for the
locating device depends on the network size.

Source: Author

Fig. 2 — The end device on the tripod

1.2 Software

Texas Instruments provides support for their circuits in the form of a complete software
solution SimpliciTI (7) for wireless network. It is a network stack where the user is
concerned only with an application layer. In the built network based on SimpliciTI it means
the RF interface, the media access layer and the device adressing.

SimpliciTI together with mentioned circuits makes network with packet data
transmission. For each recieved packet an information about the recieved signal strength
(RSS) is produced, which is subsequently used for the transmitter to reciever distance
determination.

2 DISTANCE MEASUREMENT

Principle of the distance measurement is desribed in details in the article (4). Here we
use only a simplified model (1) of the received signal strength dependence on the distance:

_ A 1
P = PTGTGR(mjf (1)

where Pp is the received signal power, Pr is the transmitted power, A is the
wavelength, d is the transmitter to receiver distance, L is the system loss

We can easy transform the equation (1) into a logarithmic form (2). It's better for us
because the RSS information from the RF part of the chip is available in dBm.
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A 1
P rapn™ IODOgIO(PTGTGR(mjz) 2)
Than we get the following equation:
A
P rasn= P ragn* Grapt G rap+ 200108 (m) La (3)

Now we need to express the dependence of the distance d on the received signal strength by:
Prapw= P ravwt Gravt Gran™ Lay
)

- A
d= HTDIO 20 (4)

In our system the transmitted signal power Prgpm = 0 dBm. All the devices in the

network use omnidirectional antennas with gains approximately 2 dB. It's difficult to estimate
the system loss L, but we can do the calibration in a known distance to obtain the system loss
including the antenna gains.

3 POSITION ESTIMATION

All the used devices are assumed to be in a two-dimensional cartesian space and the
positions of the end devices are known. We have measured the distances of the positioning
device from the end devices and now we must find the most probable locating device
position.

To get good results we should use as much end devices as possible. But then we will get
an overdetermined system. A possible solution of this problem is to minimize the sum of the
squared errors.

The distance between two devices in 2D space could be expressed as followes:

d, = \/(xLD ~ XEDn )2 + (yLD ~ YEDn )2 (5)

where d., is the distance between the locating device and the n-th end device, xgp, yep, are

coordinates of the n-th end device and x;p, y.p are coordinates of the locating device.
The measured distance d,,, contains an error ¢, and we can write:
d,, =d, +¢, (6)
The final estimation of the locating device coordinates we will get after minimization of
the expression (7) with respect to these coordinates:

A= Zﬂ:gj = Zﬂ:|:dmn - \/(xLD ~ XEDn )2 + (yLD ~ YEDn )2:| (7)

4 EXPERIMENTAL RESULTS

A measurement of the received signal power on distance dependence has been executed
with two nodes of the described system to examine the received signal strength model (3).
Results of an outdoor measurement at a flat grassed terrain are shown in the Fig. 4. As we
can see the measured values does not track the proposed simple RSS model R? (2) but it
could be fitted much better by the R™ response. This declination of the observed
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characteristics may be caused by the terrain vicinity and it could be included by using a more

appropriate model in the distance computations. The residual fluctuations of the measured

values around the smooth theoretical curve of about 3 dB are probably due to irregular

signal earth reflections, specific for the particular place and they could be encompassed by a

preliminary measurement of the RSS at all the end devices over the whole operating area.

RSS vs. distance - flat terrain
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Fig. 3 The received signal power dependence on the distance at a flat terrain.

The dependence of the received signal power on distance measured at a coridor

inside a building is shown in the Fig. 5. We may see that now the fluctuation of the

measured power due to reflections from the ground, surrounding walls and the ceiling

are about 10 dB. It seems, that application of the described method in this situation is

doubtful.

Lauterbach, Ma., Karas, Lauterbach, Mi.: Using the low power wireless network

for object positioning

105




Number 4, Volume VII, December 2012

RSS vs. distance - inside a building
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Fig. 4 The received signal power dependence on the distance inside a building.

CONCLUSION

The subject of this article was to present a simple and cheap solution for a position
estimation without the use of GPS. The presented system is built on a single chip from Texas
Instruments, working at the 868 MHz ISM band.

The article describes a distance measurement method based on the received signal
strength measurement obtained from the RF part of the integrated circuit. A simple
propagation model suitable mainly for an open area was used.

Position estimation is done using the least squares method. This method is appropriate
for a stationary system without any movement.

The system could be further improved by a better signal model for indoor distance
measurement and for moving objects by the position estimation using the Kalman filtration.
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