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Abstract The paper employed some independently
developed sensors based on the Octopus X platform to build
a Zigbee-based Sensor Networks. Also, we implemented a
Location-aware living environment by deploying the
developed Zigee-based sensor. Besides, through the created
window console interface, the sensed data can be transmitted
and transformed to the database for further utilized.
Moreover, by the devised Web interface, the update request
data can be observed efficiently and responded effectively to
any situations.

Keywords-Context-Aware, Wireless  Sensor

Network

Zigbee,

L Introduction

The power of Information and Communication
Technology (/CT) has been piercing through many things,
breaking the limitation of space. In other words, nowadays,
people exist a world of ICT around which has a hither and
thither effective power abundantly. It is exact to say that,
the relationship between human and technology is always
been involved in living care and industrial development.
By the high-speed development of wireless, embedded
system, and multimedia technology, through various
computer and sensor exist all over the environment. The
application of ICT, the Context Aware ability[4], is
evolving to ubiquitous. Actually, the generation of a
Context-Aware living environment is gradually coming to
life.

The major purpose of the paper is to materialize a
Context-aware living environment, which is based on a
Zigbee Sensor Networks to form a star network topology.
The ZigBee devices can either be set up independently, or
embedded in any 3C products. Moreover, every ZigBee
devices can serve as a wireless router to relay packets don’t
need any other material cables [5]. In other words, if a
facility has embedded ZigBee chip, it itself can be an exact
sensor or perform a router function to form a Wireless
Sensor Networks easily. Moreover, in a heterologous
network, people can easily control and effectively manage
any ZigBiee embedded devices by cell phone or notebook
remotely as well.
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Therefore, this paper practiced a Context-aware
Living Environmental system (CALE), based on four
different functions shown as below :

(i). a sensing function : Utilize the new created
sensor to collect the environmental parameters, e.g.,
temperature, moisture, CO,... etc.

(ii). a transmitting function : Utilize the Zigbee and
wireless networks to transmit the sensed data back through
router, coordinator to database.

(iii). a transforming function : Utilize a new created
middle interface to transform the transmitted data packets
to signals.

(iv). a monitoring function : Utilize the new created
web interface to monitor the updated request data for
further response.

This paper was organized as follows. Related work
will describe in section 2. Section 3 illustrates the system
architecture and modules of the proposed CALE.
Experimental Results were given in section 4. Finally, the
conclusion was given in section 5.

IIL. Related Work

Zigbee is a wireless technology of short distance,
simple frame, low overheard and transmission rate, of
which network frame has the Master/Slave attribute can
bidirectional communicating to tens of meters as 10kbps to
250Kbps speed [1]. The best superiority of Zigbe is low
cost and power consumption can apply to extensive ambits,
based on Zigbee technology to perform Wireless Sensor
Works supplying complete solution of power saving. For
example, the perception and control system of the
temperatures and moisture of a block, the lamp power
saving system, the fuel gas auto record system and electric
power saving relative applications. Nowadays, the
Wireless Sensor Works technology of Zigbee is going over
the world gradually, so the whole household living can be
intelligent, for instance, digital appliance, lamplight,
security and entrance guard, intelligent building are all the
future platform of Zigbee. Beyond that, its main
applications are the automatic controlling and sensor
networks of family, business building and factory. In the
future, it is convenient for consumers to control the entire
operation of household automatic appliances, effectively to
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reach the control mechanism and saving the manpower,
electric power of office block, promoting the reliability of
the manufacture, the process control system and the
control effectiveness of the factory. Moreover, owing to the
low quantity transmission of ZigBee, by which can
improve the elasticity of data transmissions and lower
down the complicated of the product designs [2][3].

Helal et. al. [6] proposed a household’s health care
system, by the personal devices and the intelligent
household communicational technology, the collected,
analyzed, and computed data can effectively promote the
observed efficiency, to help the patient. Beyond that, the
referred feedback mechanism can timely report the patient
behavior or device operation state. The mentioned
framework by these scholars can be applied in remote
healthy monitor environment. In next section, we will
present our environmental feedback mechanism in CALE
that are going to materialize the concept; the sensor
transmitted back information will be employed by the users
to adapt the environmental contexts for diverse
comfortable condition.

I1I. Context-aware Living Environmental system

In this section, the framework of the Context-Aware
Living Environmental system (CALE for short) are going
to be addressed, of which a localization Zigbee wireless
sensor network is set up to form the star topology. Because
its low overhead ability a fairly long battery lifespan and a
great deal of the facilities array can be maintained. In the
real livelihood, from the block automation to the family
medicine monitor, the applications of Zigbee are extensive.
In the paper, a small Context-aware system is formed by
the lab experimental wireless sensors.

The transmission scale of Zigbee can transmit
through the multihop and more complex network to
expend a more huge range; in the other hands, by the
attribute of data transmission, owing to the application of
IEEE802.15.4, Zigbee can offer many layer of diverse
mechanism to ensure the reliabilities of data transmitting.

Even though each Zigbee topology has its own merit
can be used in different topology, in this paper, the
topology of Zigbee is star. In the star topology all others
nodes can easily connect to the center nodes and the data
collected and sent as well. This is quite a good
compatibility to agree with any diverse intelligent
environmental requirement. In this paper, two frameworks,
hardware and software, are brought up. For the software,
by its Web interface, people can observe the periodical
update data easily. Beyond that, the every day, week or
month average record can be produced for the judging
criteria to the contingent use. Moreover, when the returned
data are abnormal, the reactive mechanism will be started
up. In the paper the Content-aware system is comprised of
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an independently developed hardware chip board and the
Zigbee wireless sensor networks to practice the excellent
concept of the environmental sensor function. The
framework of CALE is shown as below.

(A) The hardware framework of CALE

The architecture of hardware framework in CALE is
a Zigbee module ran on the Octopus X platform, shown in
figure 1. There are two node members, Coordinator and
Router, and installed in Octopus X-C board and Octopus
X-A with sensors separately. When Zigbee network is
operating, Router will keep update request to Sensor, by
which the sensed data will be transmitted through Router
to Coordinator and then transformed by the middle
software in notebook or PC, through the wireless AP by
internet back to the backend database.

Server

Zigbee Network

Command

Data Request

Transmission
DatalTransmission
ComRkyand

0

Command

\Wireless AP Notebook

Coordinator  Router Sensor|

Figure 1. The hardware framework of CALE

(B) The software framework of CALE

Two sets of software are involved in the software
framework, one is data interface for data analysis and
transform written by Visual C#; the other is TI IAR
Embedded Workbench works as compiler for the code to
be executed in microprocessor. The software can be
connected to hardware through USB debugger board, after
burned into the 8051 microprocessor in Octopus X, the
debug mode can be executed to set a break off point for
checking the program mistake effectively. The structure of
software framework is shown in Figure 2.

When the hardware started up, the software will
command the 8051 microprocessor in Routers to initial
and start to look for Coordinator; within the same wireless
network. After then, the found Coordinator will join the
wireless network as a member automatically, to complete
the initialization procedure of the wireless network.

The delivery and reception mechanism between
Coordinator and Routers is processed as follows.
Coordinator command every Router within the wireless
network has to request sensor to send back the sensed data
to Router, and then packet as Zigbee format to send back
Coordinator.
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Figure 2. The software framework of CALE

There are three layers in the software framework. The
first one is the devices layer, in which Zigbee network and
sensors are binding to receive the sensed data from sensor.
The second is the data transforming and transmitting layer,
in which the middle interface for transforming the
received data from Coordinator to Socket signals. The
third is Ambient Intelligence layer. In the layer, the
signals transmitting through Wi-Fi to the backend
database and perform context-aware function. The
functionality of the three layers will be described in detail
as follows.

Device Layer : The layer is comprised of Zigbee
network and sensors, by the command send form Router to
the 8051 in Sensor board, the received data will be packed
as Zigbee format, and then sent back to Coordinator.

Communication Layer In the layer, data are
transformed and transmitted, by the middle edited
interface, which is written by C#. The transmitted data will
be analyzed and transformed to Socket signals, and then
transmitted back, through wireless, to the backend
database.

Ambient Intelligence : This is an intelligent contexts
layer, by which advanced contexts are going to be used.
For now, the Web base interface is used to show all sensed
data and three different modes: Theater mode, Conference
mode, and Break Time mode are implemented, and
manifold models are going to be developed later. In the
future, the appliances will be designed to have the
Context-aware ability to match up the environment. For
example, when the temperature of the entire room shown
in the Web interface is too high, the system will turn on
the air conditioner to lower the temperature. That is to say,
all the sensed parameters will be used as the proactive
decision references to conform to the contexts setting.

From the explanation above, we can see that CALE is
practicable and implementable. Since, the data
transmitting in the first Zigbee layer is simple and easy;
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the data transforming in the second Wireless layer is
convenient; the data observing in third context layer is
visualization and clarity. Therefore, the CALE is useful
and proactive development for the human living.

IV. Experimental Results

In the hardware framework of CALE, a Zigbee
module ran on the Octopus X platform, by which two
hardware components and two assist devices are used. The
Octopus X-A is set up in sensor to serve as Router; for
Octopus X-C is set up as Coordinator to form the wireless
center. The debugger board is tied in the compiled IAR
hex files by the flash memory which is burnt into node.
For USB Dongle, the Octopus nodes can be installed for
testing the connection with Coordinator.

Each of the basic hardware components has a
CC2430 chip, in which the 8051 microcontroller is
installed, and its maximum program size is 128K Bytes,
data size is 8K Bytes.

For the sensor, is independently developed two
integrated Sensor Boards, one is LUX Sensor embedded
with the thermometer and hygrometer, shown as Figure 3.
The other is CO, Sensor embedded with the thermometer
and hygrometer, shown as Figure 4. Both of them have a
switch key can show the exact parameters of the real time
temperature or moisture (Figure 5).

Figure 4. The CO, sensor



Figure 5. The moisture sensor

The experiment is conducted in indoor environment,
a meeting room with sensors is implemented. The
environmental Web interface is shown as Figure 6, in
which 8 sensors are set up, different sensor parameters will
be shown in one of them are updated in 5 seconds
periodically.

e o}
888885858858

 ea8e8eseReee |

Figure 6. The web interface of the experimental environment

In the experiment, Visual C# was used to develop the
middle interface software. First, before sensors powered on,
the compiled IAR codes had to be burnt into nodes, after
then, Router node would be installed to the sensor board
and powered on. Second, the other node would be installed
in notebook or PC to serve as the Zigbee wireless network
center Coordinator. When the Zigbee network started, the
software and hardware would co-work to sense the
environmental conditions. After that the data would be
transmitted and transformed, and all the update request
data would be kept in the backend database finally. In the
meantime, the Coordinator could be installed on a PC or
notebook, or worked on an independent board, by which a
port number would be chosen to perform receiving packets
process. And the middle software would transform the
received data to socket signals, sent them back to the
database.
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V. Conclusion
In this paper, a Context-Aware Living
Environmental system (CALE) was designed and

implemented, based on Zigbee technology companied
with the independently developed hardware and
software. The installed sensors could detect and transmit
back the sensed data, through the Zigbee wireless
network to the center node, by the middle transforming
process. Moreover, all the timely parameters of those
data could be exactly shown on the client interface in
order to be reacted correctly and effectively. In this
phase, we have materialized the basic function of CALE
system, yet there are some problems needed to be
resolved. For example, the collision would happen when
Router sent back data to Coordinator. In the future, a
better algorithm or data collection method will be
involved to resolve the collision issue.
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