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Abstract: This paper proposes a ZigBee-based system and scheme
to obtain location and vital health information. ZigBee systems are
wireless communication systems defined by IEEE 802.15.4. Location
information is obtained using a Link Quality Indication (LQI) function
of the ZigBee system, which means the received signal strength. Vital
health information is received as ZigBee sensor data when the terminal
stations are moving. The proposed scheme facilitates the management
of action history and health conditions for medical patients. Experi-
ments using an actual ZigBee system confirm that the proposed scheme
provides accurate location and vital health information using sensor
data.
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1 Introduction

This paper proposes a concept and scheme for the management of action his-
tory and health conditions of patients and residents in a hospital or medical
and welfare institution in order to provide comprehensive medical care. The
proposed system is composed of a terminal station and multiple access points
of ZigBee, which is defined by IEEE 802.15.4 [1]. The user moves while car-
rying a ZigBee terminal. We aquire the location information by the received
signal strength indicator (RSSI) obtained when the ZigBee terminal connects
to the access point. Furthermore, information about body functions of the
user (temperature, pulse, blood pressure, etc.) is simultaneously transmitted
to an outside network in the form of several hundred kilobytes of sensor data
via the access points of ZigBee. This system can facilitate the management
of action history and health conditions of patients and residents. However,
for practical usage, the method to obtain reliable location information and
bodily function information must be improved by considering the variation
due to the given propagation environment [2].

In this study, the communication area is optimally controlled, and hence,
reliable location information is obtained. The terminal station connects to
the specific access point by utilizing the radio propagation characteristics.
The effectiveness of the proposed scheme was confirmed by experiments.

2 Proposed system and scheme

The proposed system is configured using multiple ZigBee Routers (ZRs) of
access points and a ZigBee End Device (ZED) of a terminal, as shown in
Fig. 1 (a). The user carries the ZED, and the ZED connects to ZRs whenever
the user moves. Then, the ID and Link Quality Indication (LQI) informa-
tion [5] is obtained for the ZR that the ZED connects to. This information
is sent to the ZigBee Coordinator (ZC) that controls the ZR in a centralized
manner. LQI is an RSSI, which is used in the ZigBee system, and it is set
to an individual value obtained by normalizing the received power to a value
between 1 and 255 [1, 3]. The ZC manages the location information and
the migration pathway based on the location information, which is saved on
the Personal Computer (PC) in the outside network. In control management
of the PC in the proposed scheme, the value “1” is set when the ZED ap-
proaches a ZR, and the value “0” is set when the ZED moves away from a
ZR. Thus, the value “1” or “0” is set according to the value of LQI. These
values are managed in the time specific to each ZR. Therefore, the system
administrator can determine the movement history of the user with the help
of these values if ZR is configured at the pre-determined location in advance.

However, it is difficult to determine the threshold value of LQI when
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Fig. 1. Network configuration and communication area

the values “1” and “0” are based on RSSI because the propagation environ-
ment changes owing to factors such as multipath signals, shadowing effect,
or both, especially in indoor scenarios. This effect may cause errors in the
determination of the ZR that is the nearest to the ZED.

This issue is addressed by controlling the communication area of a ZED
such that the ZED can connect to the nearest ZR. The radius of the commu-
nication area of the ZED is set to r [m], and the ZED communicates with the
nearest ZR as shown in Fig. 1 (b). The key point is that the communication
area is controlled within a range that is outside the range of ZR2. Therefore,
the transmitting power of ZED is adjusted, and a small communication area
can be considered. A tangible explanation can be provided as follows:

When the communication area is extremely small, the ZED cannot con-
nect to the ZR with which it wishes to communicate. Moreover, the ZED
transmits sensor data related to vital health information to the ZR when
the ZR or user is moving, and hence, the transmission of this information is
impossible if the area is extremely small. Let the walking speed of a human
be v [m/s] and the link rate of ZigBee be Ry [bps]. When the ZR passes
the center of the communication area of the ZED, as shown in Fig. 1(c),
the volume of sensor data with vital health information that the ZED can
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transmit is represented as:

- 2rRy,

¢=g (1)

where ¢ [KB] is the volume of sensor data. For example, the data volume c is

approximately 300 KB if the walking speed of a human v = 1.0m/s, the radius
of the communication area r = 5m, and ZigBee link rate R;, = 250 Kbps (The
link rate is in conformance with ZigBee IEEE 802.15.4 standard.). Next, the

transmission power to control the communication area radius is calculated

as follows:
P,=P —(G¢— L, +G,) (2)
4rr\"
L, = 10logy, <T> (3)

where P, is the transmitted power [dBm]|, P, is the received power [dBm],
G1/G), is the antenna gain at the transmitter or receiver [dBi|, and L, is the
propagation path loss [dB]. P, is determined by the relation between P, and
r because the reception sensitivity of RSSI is —97dBm in this module. Gy
and G, are set to 2dBi. L, in Eq. (3) is calculated from the radius of the
communication area and A (i.e. A\ = 1/frequency: 2.4 GHz). The path loss
coefficient n is set to 3 because this system is assumed to be indoors [4].

By using Eq. (1) to Eq. (3), plots of the transmission power (F;) and
sensor data volume (c) versus the radius of the communication area r are
obtained, as shown in Fig. 1(d). The unit “dBm” is converted to “mW”
Fig. 1(d) for better understanding.

We assumed the amount of transmission data to be 300 KB in one commu-
nication ZR area. In Fig. 1 (d), this situation corresponds to a communication
area radius of 5m. Under this condition, the transmission power is 0.01 mW,
and hence, P, is controlled by this value.

3 effectiveness of proposed scheme by experiments

The performance of the proposed scheme was demonstrated by experiments.
The experimental setup consisted of three ZRs and a ZED terminal that was
moved. The route of the ZED is shown in Fig. 2(a). The specification of
ZigBee module (IMI-Z-M-001) [5] is shown in Table I. The ZED holder was
moved in Room A, in Room B, and along the stairs as shown in Fig. 2 (a).
ZR#1, ZR#2 were located inside Room A and Room B, respectively. ZR#3
was positioned in front of the stairs. The ZED holder entered Room B after
leaving Room A. Next, the ZED holder moved to the stairs. The value of
LQI measured in the experiment is denoted in Fig. 2 (b). The solid lines
in the figure represent the measurement results with area control versus the
time. The dotted lines indicate the results obtained by using a default value
of transmitting power (1 mW) without area control. The power transmitted
by the proposed scheme became 0.01 mW, except at the target point, using
area control. In Fig. 2(b), first, the decision of ZR#1 was set to “1” be-
cause the LQI of ZR#1 is higher than the LQI of the other ZR. Next, the
decision was set to “1” because the LQI of ZR#2 became a large value. For

75



IEICE Communications Express, Vol.1, No.2, 72-77

ZEW @ Room A

120
ot s

:DoorZR#l .
i Stairs
1
Doory ! Passage
[ e -
Room B
(a) Route of ZED
R A R B i
200;_&_: L RoomB I Stairs
ZR#3 I 1 ! I ]
! | | : A\ N
160 | 1 0 I I\ /N | 1\ '{ \
U L P BV 4
& 120} Lo N |
= L N '
sof /P\\: / | \ r | :
s :/ : W : |
I N i
1
200 ] T N\ T |
1 /N |
ZR#2160L i . /i// \i/‘ . E
I\ s
— o 1 ;0 1 : |L/\/ \//\ 0
~ I I \ \ 1
) 1 | 1
I I !
. |
| |

0:00 0:30 1:00 130 2:00
—————— W/o Area control Time
W/ Area control

(b) LQI value versus time line

Fig. 2. Route of ZED and evaluation result in experiment

Table I. IMI-Z-M-001 Module specification

Reception sensitivity —97dBm
Transmission power 1mW (Default)
0.01mW (w/ Area control)
Link rate 250 kbps
Frequency 2.4 GHz

these evaluation results, the determined pattern indicates that the ZED ter-
minal holder moved from Room A to Room B. Finally, the LQI of ZR#3
increased, and the decision was set to “1”. When the values “1” or “0”
in ZR#1, ZR#2, and ZR#3 were recorded, the pattern [100], [010], and
[001] is obtained in the proposed scheme. This pattern represents a route
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from Room A to Room B, and Room B to the stairs. If some patterns are
pre-generated, the system administrator may easily determine the route via
pattern matching.

However, when a default value of transmitting power is used without
area control, it is difficult to obtain accurate location information because
the change in the value of LQI is unclear. Moreover, in the scheme without
any area control, it may not be possible to specify the ZR nearest to the ZED
owing to the ZED being connected to multiple ZRs. On the other hand, when
the area control is used, the change in the value of LQI is clear, although
the level is lower. From the experimental results, it was confirmed that the
proposed scheme provided more accurate operation when the best area radius
was selected.

In the proposed scheme, ZED can clearly detect only the ZR of the line-
of-sight in order to limit he transmission power of the ZED. The multipath
signal from the ZED barely transmits to the ZR beyond the line-of-sight.
The results in Fig. 2 (b) are reliable because the same results are obtained
when this experiment is repeated 10 times.

However, in Eq. (1) of the theoretical calculation, the sensor data volume
was estimated when the ZR passed the center of the communication area.
In the real application environment, a different route that does not pass the
center may be taken. This issue will be clarified in near future, because
an evaluation based on the theoretical analysis has been employed [6]. In
Ref. [6], the data volume of about 50% is transmitted, when theZED runs
though one ZR. Moreover, the transmission probability of data volume will
be able to be improved, if the ZED passed two or more the ZR like the network
configuration in this paper. Our future work will involve the evaluation and
experiment regarding this issue.

4 Conclusion

In this letter, we proposed a system and scheme that obtains location infor-
mation and vital health information using a ZigBee system. The experimental
results showed that the proposed scheme operates accurately when the best
area radius is selected.
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