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Abstract: With the rapid growth of the aging population and the development of pension service industry, positioning
service has been played a very important role in healthcare of the elderly. Although many indoor localization algorithms
have been developed, there have problems such as low localization precision, high computing complexity and larger
memory overhead. The purpose of this work is to construct the system of healthcare based on WSN by using the low
power consumption ZigBee communication technology, and present a novel indoor localization algorithm which is called
the dictionary database comparison method, after that the algorithm is optimized by using weight factors. Compare of
Figs. 6 and 7 shows that the new algorithm has a smaller mean localization error and stronger robustness to indoor envi-
ronmental disturbance. The results of research and analysis to promote the elderly healthcare will have a positive signifi-

cance.
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1. INTRODUCTION

In 2014, it is the first time that China’s aging population
has exceeded 200 million. "Silver China" has been the urgent
issue that need to be solved in "The thirteenth national five-
year plan" [1]. China’s aging status as shown in Fig. (1). The
fast and irreversible increase of aging population put forward
the huge demand for positioning service. The developing
level of pension services and industry lags behind, which
bring the great opportunities and challenges to healthcare of
the elderly.
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Fig. (1). Growth trend prediction of the chinese aging population
proportion (Unit: %).

Positioning service has been played a very important role
in healthcare of the elderly, which has been widely studied
by scholars both at home and abroad [2-8]. For example, Sun
Shanwu, et al, they presented two methods: one is an
improved RSSI-based localization technique in WLAN by
using the bounding-box algorithm; the other is an improved
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binary range search algorithm. The main train of thought is:
firstly, pre-rearrange the samples of fingerprint database;
secondly, use the linear binary range search algorithm to
reduce the number of samples in fingerprint database,
finally, compare the real-time localization efficiency [4].
Cheng Wenbo proposed a new method that a wireless
healthcare network was constructed by using ZigBee
communication technology, and researched the indoor
localization precision based on the ZigBee network [5].
Duan Cuicui, et al, they designed a localization system
which consists of two parts of the hardware platform and
self-developed software platform. They completed the
experiments of positioning and tracking based on the two
algorithms of symmetrical double-sided two-way ranging
and maximum likelihood estimation in this localization
system [6]. Guan Weiguo, et al, they proposed an indoor
matching localization algorithm based on two-dimensional
grid characteristic parameter fusion [7]. The precise terminal
location was computed by reference nodes of the matched
grid. In order to improve the localization precision, Yang
Dongyong, Gu Dongyuan, et al, they presented a conception
of Node’s RSSI-Similarity Degree [8].

One of the important applications of IEEE802.15.4 in the
healthcare of the elderly is monitoring the elderly patient’s
important data information remotely [9-17]. They can stay
their home, but it is important that their physical sign of
symptoms can be monitor continuously. The ZigBee mesh
networking can be used to collect data form various sensors
connected to the elderly patient. The 802.15,4 standard uses
128-bit Advanced Encryption Standard technology to
securely transfer data between ZigBee devices and other
networks. As shown in Fig. (2). The elderly patient wears a
ZigBee device that connects with many sensors, such as the
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Fig. (2). A simplified diagram of the remote-monitoring system.
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Table 1. Parameter specification.
Symbol Description Symbol Description
d, Ground proximity the reference distance PL(d) Signal strength at distance d
d Ground proximity the reference distance Xy A log normal random variable of Gaussian distribution
PL(d,) Signal strength at distance d, o Path loss exponent

blood pressure sensor, the temperature sensor, the heart rate
sensor and so on. They collect the vital information on a
periodic basis. Then these mass of physical data are
transmitted to a ZigBee gateway which provides the
interface between a ZigBee mesh networking and other
networks [13, 14]. For example, the elderly patient’s
physical sign of symptoms data can be transmitted over the
internet protocol network to a personal computer that the
physician or nurse uses to monitor the elderly patient. The
remote-monitoring system can help physician or nurse
improve the elderly patient care and provide dietary advice.

If location data is difficult to obtain or the positioning
accuracy is very low, then the meaningless information will
make the remote-monitoring system unnecessary. As
mentioned above, although many indoor location algorithms
have developed, but there are still problems such as low
precision, high computing complexity and larger the memory
overhead. In order to solve these problems, the paper tries to
use low power consumption ZigBee communication
technology and to construct the wireless network of
healthcare based on WSN, and propose a novel indoor
localization algorithm which is called the dictionary database
comparison method, after that the method is further
optimized.

2. RESEARCH METHOD

RSSI-based localization technique is the technology
which uses the measuring signal attenuation degree to obtain
the actual distance between the two nodes from the
transmitter to the receiver. The shadowing model [14] is
defined by

PL(d)= PL(d,)+10alg(d/d,)+ X, (1)

This model consists of two parts. Table 1 gives the
parameters list, where alpha is the path loss exponent and is
usually determined empirically by field measurements.
PL(d,) can be calculated by using the free space equation.

The first parts predict the received power PL(d) at distance
d relative to the power at an arbitrarily close-in distance 4

(e.g. 1-metre). The second part of the shadowing model
reflects the variation of the received signal power at a certain
distance and is a log normal random variable of Gaussian
distribution designated by Xx_. If we do not consider the

effect of x_, the actual distance d between two nodes is

given by

d =d, *exp((PL(d)~ PL(d,))/10c:) (2)
In this system, RSSI,.(d,) and RSSI . (d,) represents

the theoretical value of the signal strength at distance do

and d[ which is a distance with the ith node, RSSI,,.(d,)

represents the actual value of the signal strength at distance
d,, so root-mean-squared error can be described by

N
F(a>=\/%Z[RSSIm (d,)-RSST 00 (d )T @
i=1
It is easy to derive the equation (4) by the equation (1).
RSSI,, . (d,)=RSSI,,(d,) 100 1g(d, /d,) (4)
While
OF (0)/d =0 (%)

We can easily obtain the optimal solution of the path loss
exponent.
3. RESULTS AND ANALYSIS
3.1. Algorithm Design

Triangulation location method can obtain the position of
the unknown nodes which is intersection point of circles, the
center of circle is location of three or more of the anchor
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Fig. (3). Ilustration of the dictionary database comparison method. Purple box indicates the localization result of comparing with the

dictionary database.

Table2. Parameter specification.
Symbol Description Symbol Description
N The anchor node number D (i) Signal strength between jth referenced node of the
B Distance eigenvalue ! dictionary library and ith anchor node
PL(7) Signal strength between unknown node and ith anchor node d,., T he minimum signal strength differences

nodes, and the radius is the measured distance between 1 (& P /B 6
anchor nodes and unknown nodes. This method has the =V Z|P (H-D, (l)| ©)
advantages of simple operation and easy to implement. =l

However, they do not meet in a bit and even produce
singular matrix, location information is uncertain [18]. In
order to improve this situation, and try to reduce the
localization error, the paper proposes a novel indoor
localization algorithm based on the dictionary database
comparison method.

Specific operation steps of the algorithm are described as
follows:

Step 1: In the monitoring area, deploy the anchor nodes
and the reference nodes.

Step 2: Measure signal strength between the reference
nodes and anchor nodes, and then establish the dictionary
library of the reference nodes position itself and
measurement of the location data.

Step 3: Remove all the reference node, and then measure
signal strength between the unknown nodes and multiple the
anchor nodes.

Step 4: Compare with the dictionary database location
data, and then choose the minimize differences compared
with the reference node’s position as the coordinates of the
unknown node.

As shown in Fig. (3), it includes 12 reference nodes.
Their coordinates and each signal strength measurement with
the anchor nodes A, B and C are recorded in the dictionary
database. When an unknown node moves into the monitoring
area, we use the equation (6) to calculate the minimum signal
strength differences by comparing the actual measured value
with the dictionary database. Table 2 gives the parameters list.

The positioning accuracy of this method is affected by
the number of reference nodes. In the same monitoring area,
the more we deploy the reference nodes, the higher the
positioning accuracy. But the dictionary database will
occupy more memory resources, and consume the more
time. In order to use limited information in the dictionary
database and improve the positioning accuracy, we can
optimize the position coordinates of the unknown nodes. As
shown in Fig. (4).

Firstly, we find out the m number of the smaller d,_, by
the equation (6). Secondly, we use inverse of d,, as a

weight factor, and can optimize the coordinates of the
unknown nodes. The coordinates are denoted by:

X Y1)
(x,y)= 2t
Z(dd V+dd V) i= l(dd v, +dd m,)

where (x;,y,) represents the coordinates of the ith reference

(7

node in the m number of the smaller d,_, , dd,y, represents
the signal strength differences between the unknown node
and the ith reference node in the dictionary database, d,.,

represents the minimum in order to avoid division cause
singular matrix.

3.2. ZigBee Networks Design

IEEE802.15.4 standard was developed due to the
unsuitability of current wireless standard for low data rate
personal area networks. It is a simple packet data protocol
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Fig. (4). The optimized illustration of the dictionary database comparison method. Blue box indicates the localization result of the

introduction of weight.

for light-weight wireless network and specifies the media
access control (MAC) and physical (PHY) networking layers
[19]. PHY in this standard is designed to operate in the
2.4GHz industrial, scientific, and medical (ISM) the
frequency band. PHY is based on direct sequence spread
spectrum (DSSS) methods that result in low-cost digital
integrated circuit implementation, and share the basic packet
structure for low duty cycle, low-power operation. In this
research, the 2.4GHz PHY has been chosen due to the world
wide availability and the wider availability of wireless
transceivers at this frequency.

ZigBee is a wireless network standard which is based on
the PHY and MAC layers of IEEE 802.15.4 standard.
ZigBee technology takes full advantage of it and adds the
logical network, security, and application software. ZigBee
involves applications requiring low-power-consumption,
low-cost and low-data-rates as well as advanced features
such as mesh network and security [20-22]. In this research,
the mesh network topology has been chosen due to two
reasons: on the one hand, routers are able to communicate
directly with each other and forming multiple routes, on the
other hand, the topology has more efficient message
propagation. As shown in Fig. (5).

The CC2430 is a true System-on-Chip solution for
ZigBee and combines the excellent performance of the RF
transceiver with an industry-standard enhanced 8051 MCU,
32/64/128 kByte flash, 8kB of RAM and many other
powerful features [23]. Combined with TI’s leading ZigBee
protocol stack, it is the market’s most competitive ZigBee
solution. ZigBee transceiver chip CC2430 was chosen for
the anchor nodes which has a static location. These nodes
must be configured with X and Y value that correspond to
the physical location. The main task is to provide a
“reference” packet that contains X and Y coordinates to the
unknown node, also referred to as an anchor node. Since
these nodes are not using the hardware location engine at all,
so we can choose the chip CC2430 for the purpose.

CC2431 was chosen for the unknown nodes and
reference nodes. An unknown node will communicate with
the closest anchor nodes, collecting X, Y and RSSI for each
of these nodes, and calculate its position based on the
parameter input using the location engine hardware.
Afterwards the calculated position should be sent to a control
station which could be a PC or another node in the system.

)
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Fig. (5). ZigBee mesh topology.

The CC2431 with location engine is a true system-on-
chip for ZigBee/IEEE 802.15.4 wireless sensor networking
solution, so it will be natural to use the location engine in a
ZigBee mesh network. The location algorithm used in the
CC2431 Location Engine [23] is based on Received Signal
Strength Indicator values. The main feature of the location
engine is that the location calculation can be performed at
each unknown node, hence the algorithm is decentralized.
This property reduces the amount of data transferred in the
mesh network, since only the calculated position is
transferred, not the data used to perform the calculation.

Table 3 shows all necessary input to the location
hardware. The following is a brief introduction.

Table 4 shows output to the location hardware. The
following is a brief introduction.

When the chip CC2430/31 receives a packet it will
automatically add an RSSI value to the received packet. The
RSSI value is always averaged over the 8 first symbol
periods (128p) [23]. This RSSI value is represented as a one
byte value, as a signed 2’s complement value. When a packet
is read from the FIFO on the chip CC2431 the second last
byte will contain the RSSI value that was measured after
receiving 8 symbols of the actual packet. Even if the RSSI
value is captured at the same time as the data packet is
received, the RSSI value will reflect the intensity of received
signal strength at that time, not necessarily the signal power
belonging to the received data. This gives the opportunity for
the RSSI value to be erroneous when a large number of
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Table3. Hardware inputs parameters.
Name Min.value Max.value Description
A 30 50 The absolute RSSI value in dBm one meter apart for a transmitter.
N_index 0 31 This value represent the signal propagation exponent, this value depends on the environment.
RSSI 40 95 Received Signal Strength Indicator this value is measured in dBm. The location engine using the absolutg
value as input.
XY 0 63.75 These values represent the X and Y coordinates relative to a fixed point. The values are in meters and the
’ accuracy is 0.25 meters.
Table4. Location engine output.
Name Min.value Max.value Description
XY 0 63.75 These values represent the calculated X and Y coordinates relatively to a
’ ’ fixed point. The values are in meters.
TableS. Received data packet.
n D(0) D(1) D(2) D(n-2) RSSI CRC

Y(m)

Fig. (6). a) The localization results before optimization. b) After optimization.

nodes are talking on the same channel at the same time as the
RSSI value is captured [23].

The chip CC2430/31 contains a register termed RSSI.
This register holds the same values as described in Table 5,
but it is not locked when a packet is received, hence the
register value should not be used for further calculations.
Only the locked RSSI value attached to the received data can
be interpreted as the RSSI value measured exactly when the
data is received [23].

CONCLUSION

In order to test the maneuverability of the wireless
network and effectiveness of the new algorithm, we assume
the network is a 20x20m” square area. There are four anchor

nodes which are placed at the four corners, the rest of five
anchor nodes (the red stars) randomly distributed within the
network, the number of unknown nodes (the blue squares) is
50, all positioning coordinates are marked as the purple circle.

As for the localization accuracy, we compute the mean
localization error using the RMSE given by the equation (3)
in MATLAB 2007 on a Pentium(R) Dual-Core CPU. When
the end device under test has associated with the coordinator
and begun sending packets the data acquisition was started
by running the MATLAB script from computer and the
position data was recorded.

As shown in Figs. (6a) and (6b), where the
communication range is R.=10m, =2 and X_=10.7.

We can easily observe that in Fig. (6a), a few nodes get
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flipped solutions, therefore, it will result in a larger
localization error of RMSE =0.65m , while Fig. (6b) has the
smallest localization error of RMSE =0.32m, due to the
optimization of algorithm.
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