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Abstract—To acquire continuous observation results is an
essential demand to environmental monitoring. Wireless sensor
networks (WSNs), composed of many tiny sensing equipment,
give a good solution to collect continuously temporal and spatial
data. Due to the limitation of WSNs, such as volume of wireless
sensors, cost, energy, processing capability, and transmission
distance, we need a solution in charge of collecting sensed data
and transmitting it to the backend server. This solution has to
handle all data in the network, so the stability and processing
capability are a top priority. As a solution, we purpose a gateway
with energy-efficiency embedded system that supplies a suitable
interface and solve the problem of limited energy source. We
employ a touch screen with external devices to provide users the
gateway status to deal with the unpredictable situations. We
design a power supply set comprising a lead-acid battery and a
solar cell. Under adequate exposure to the sun, it can supply
sufficient energy for long-term monitoring.

Figure1. Overview of wireless sensor network

So we found that it is necessary to develop a gateway with
better capability in computing and data-storage to get efficient
use of limited resources. The main functions of a gateway are
gathering and storing data as a sink, sending data to a backend
server when needed, and distributing the data flow between
senor nodes to maintain the stability of the network. Though
the design for wireless sensor nodes may emphasize low power
consumption, the gateway may still consume much energy in
long-term monitoring. A self-powered system can solve this
problem and economize on power use to meet the requirements
for environmental monitoring. In Jiang’s study, using a battery
charging by solar cell is a good solution to extend the lifetime
of gateways over one year [3]. In this regard, this paper
proposes a gateway based on an embedded system with a selfpowered system. The main board of gateway is equipped with
memory to record and store historical data, a graphic interface
to make maintenance easier, and a CPU with fast computing
capability. The gateway also connects to the GSM to send data
to the backend server through the SMS.
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I.

INTRODUCTION

For environmental monitoring, continuity of sensed data
and reduction of interference are important characteristics. As a
consequence, WSNs attract more attention in recent years [1].
Low power consumption, small volume, and wireless
communication of sensor equipment (wireless sensor nodes)
are advantageous for high density and high frequency
monitoring [2]. The overview of WSNs is shown in Fig. 1.
Sensor nodes are deployed in the area of interest. Gateways
manage the whole network, collect and transmit the sensed data
to the backend server through communication network. The
Communication network can integrated with different services
including Internet (wired or wireless) and Global System for
Mobile Communications (GSM), and GSM consists of Short
Message Service (SMS) and General Packet Radio Service
(GPRS). Through a backend server researchers can use the
sensed data in their studies, and clients can browser their
interested information.
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The rest of this paper is organized as follows. In section II,
we describe different kinds of gateways drawn from previous
literature. In section III, we present the system architecture of
the proposed gateway. In section IV, the program design is
described in detail. System verification is presented in section
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board through the USB interface, so they can communicate
with the wireless sensor network and the back-end server.

V. Finally we provide some conclusion and future work in
section VI.
II.

LITERATURE REVIEW

Gateways have played an important role in environmental
monitoring using WSNs. Personal computers enable the
gateways in WSNs to have better computing capability and
expandability. Many studies have proposed different gateways.
For example, in Szewczyk’s study, sensing data from sensor
nodes (called ‘Mote’) was collected by a laptop that served as a
gateway and was then stored in the PostreSQL databases.
Through the wide area network (WAN) supported by a satellite,
the gateway provided sensing information to users [4]. For
WSNs applied to indoor monitoring, personal computers are a
suitable candidate for gateways due to their powerful
computing and data storage capability. But power shortage
would be the most essential issue for this kind of gateways in
ecological and environmental monitoring. To overcome this
problem, an energy-efficiency gateway with a low power
microcontroller (MSP430), manufactured by Texas Instrument
(TI), was proposed to monitor Spodoptera litura (Fabricius) in
real time and transmit sensed data to a database through GSM.
This energy-efficient gateway was powered by solar energy to
achieve long-term environmental monitoring [5]. In addition, a
liquid crystal display (LCD) was added to the gateway. The
LCD presented simple information about the gateway status.
Limited by its interface, however, the maintenance for the
gateway was difficult.
Some of gateway designs pay attention to the development
of different functions. For example, a bridge gateway, built
upon an advanced RISC Machine (ARM) under Linux OS, was
designed to provide a relay function between all sensor nodes
and the backend server. In addition to the relay function, the
gateway was able to do data aggregation and filtering and
transmit sensed data to the backend server via Internet [6].
With Linux OS, the gateway had better expandability, but
power shortage remained a problem for long-term monitoring.
In Damaso’s study, he proposed a gateway (called “Sensor
Advanced Gateway (SAGe)”) that integrates WSNs and
Internet at the service level. The design of SAGe focused on
the interaction of backend application and front operation.
Through Internet applications users could get the information
of interest immediately by sending commands to SAGe. In
addition, SAGe would invoke an operation of a time
synchronization service executing in an Internet host [7].
Hence, in this paper, we take all of the issues in gateway
designs mentioned above into consideration, including longterm monitoring, maintenance, expandability, and computing
capability, to develop an energy-efficient, easily maintained
gateway with excellent computing capability.
III.

The embedded board has a RS-232 interface which is used
to communicate with a personal computer when adjustment or
maintenance is required. The board is also equipped with a
touch screen for users to control the gateway, so the embedded
system-based gateway is more flexible than the MSP
microprocessor-based gateway. The operation system of the
embedded board is the Linux kernel. The board uses the
BusyBox shell program and the Qtopia desktop system to offer
a GUI (Graphical User Interface, GUI) for user. The users can
operate the gateway simply through the GUI. If users want to
get more gateway information, they can use a personal
computer to connect to the gateway through a RS-232 interface
and the BusyBox shell program to know the current gateway
status. They can further control the gateway through the
program.
A. Embedded System
The main board of the Gateway is Mini6410 designed by
FriendlyARM company. The configuration of Mini6410 is
shown in the Fig. 2. The processor of Mini6410 is an ARM
architecture-based CPU. The ARM architecture adopts a light
instruction set and a lower complexity in hardware structure. A
system based on the ARM architecture generally has
outstanding performance on chip sizes and low-energy
consumption, so the ARM architecture is widely utilized by
mobile and wireless devices.
The hardware structure of the embedded system is
composed of an ARM architecture-based CPU with the NAND
flash, synchronous dynamic random access memory (SDRAM)
and memory management unit (MMU) designed by South
Korea’s Samsung company. With many external interfaces,
Mini6410 is very suitable for WSN gateways which require
high expandability when engaging in environmental
monitoring. Table I shows the comparison between the
embedded system-based gateway that we proposed and the
gateway using a MSP-based microprocessor that we mention
before. According to Table I, it is obvious that the hardware
performance of the embedded system is better than that of the
MSP microprocessor-based system. Compared to the MSP
microprocessor-based gateway, the embedded system-based
gateway can provide real-time system information to users,

GATEWAY SYSTEM ARCHITECTURE

The embedded gateway is composed of an embedded board
and a number of modules. The embedded board is the core of
the gateway, and this board is responsible for basic computing.
The board includes a Universal Serial Bus (USB) connector.
We use the USB hub to connect other modules with several
RS-232 to USB wires. Other modules can connect to the main

Figure 2. Mini6410 embedded-based system
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TABLE I. Comparison embedded-based system and MSP based system

while it is more difficult for the MSP microprocessor-based
gateway to demonstrate such information. For system software
development, the embedded system-based gateway can
complete multiple tasks at the same time, such as detecting
much external information while providing users an interactive
interface. With an increase in storage capacity, the embedded
system-based gateway is able to temporarily store sensing data
and gateway information. Such a design not only increases
system stability and flexibility but also makes system
maintenance easier. The function of the embedded systembased gateway is closer to that of the personal computer (PC)
based gateway. The embedded system-based gateway has high
operational flexibility without unnecessary functions embedded
in the PC-based gateway. The embedded system-based
gateway exploits the advantages of the microprocessor-based
gateway and the PC-based gateway; it is more flexible than the
MSP microprocessor-based gateway and more energy-efficient
than the PC-based gateway

Figure 3. Multi-dialog interface of proposed gateway
TABLE II. The accuracy of each component of weather modules

IV.

B. Other Modules
The embedded system-based gateway uses a USB interface
to connect to a base node and the GSM module in a wireless
sensor network, and to the backend server. The base node,
CC2420, is a communication chip to communicate with the
WSN, and it is controlled by a microprocessor. The embedded
board communicates with the base node through a USB, so the
board can command the communication chip to send a control
signal, and then obtains the information about network status.
When the gateway collects data from the network, it stores the
data in memory or uses SMS to send the data to the backend
server through the GSM module. The gateway information can
be shown on a thin-film transistor liquid crystal display (TFTLCD) with a touch panel, so users can know the newest status
of the sensor network. Users can also control the gateway
simply through giving commands to the LCD. The LCD can be
removed from the gateway to save energy if not used.

GATEWAY PROGRAM DESIGN

A. User Interface
According to the demand of wireless sensor network, the
embedded gateway provides a graphical user interface (GUI)based program which can be controlled via a touch LCD. The
interface is a multi-dialog interface shown in Fig. 3, and there
are four sub-interfaces: main, weather information, gateway
status, and configuration interfaces. Main interface shows how
many nodes are deployed and how many nodes are still
functional. Thus, system operators can assess the survival rate
of the network, and then arrange their repair schedule if
necessary. The weather information interface shows the
meteorological conditions at the deployment site every half
hour. The gateway status interface shows the event log during
execution of the program, and the control buttons below allow
users to redeploy the entire network or to acquire real-time
information, immediately. The configuration interface eases the
maintenance of the system because system operators are
allowed to modify all parameters via this interface.

The gateway is also equipped a weather module designed
by LA CROSSEE technology company. The weather module is
used to detect local weather conditions, and the data will be
provided to researchers for further analysis. The weather
module is composed of a thermo-hygro sensor, a wind sensor, a
rain gauge and a weather information LCD display as shown in
Fig. 3, and the Table II shows the accuracy of each component.

B. Gateway Program Architecture
The gateway adopts the Qt framework that uses an objectoriented programming architecture to design an event-based
program to control the hardware. The flowchart of the program
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days (12 V × 100 Ah ÷ 142.8 Wh/day) under zero exposure of
sun. Therefore, we can tell that the gateway is able to work
independently without external power sources.

is shown in Fig. 4. After the initialization process, the gateway
will assess the status of networks. If network has not deployed
yet or encounters errors, the gateway will issue a redeployment
command via the base node. When the base node receives
signal from the sensor nodes in the network, the base node will
inform the embedded system using USB interface. Then, the Qt
framework will send signals to invoke the gateway program to
complete an assigned task. Communication methods between
the gateway, GSM module and weather module are similar to
that of the base node. Because the gateway contains a duplex
processor, it can respond to the sensor nodes and GSM module,
as well as to update the information provided in the GUIs,
simultaneously.
V.

B. Experiment of Data Delivery Rate of Gateway in Real
Environment
We set up our embedded system-based gateway in an
outdoor environment, and 10 sensor nodes were deployed
around the gateway. Fig. 5 shows the external configuration of
the gateway presented in this study. The gateway is installed in
a waterproofing Stevenson’s house with holes for better
ventilation.
The experiment was started from 11 A.M. on June 29,
2011. The data delivery rate of the gateway is depicted in Fig.
6. We can see that the data delivery rate of the gateway may
temporally decrease to 50%, but the averaged data delivery rate
is 89.47%. The underlying reason is that the wireless
communication between the gateway and sensor nodes can be
temporally unstable. We are still adjusting the configuration of
the gateway, and we leave the improvement of the system
stability and the data delivery rate of the gateway to our future
work.

SYSTEM VERIFICATION

A. Power Consumption and Operating Time
With a 12 V power supply, the power consumption of the
proposed gateway is about 5.95 W, but the power consumption
increases to 6.91 W when the touch LCD is enabled. Because a
touch LCD is activated during the maintenance process, the
power consumption of the gateway remains at a low level.
In Ou’s study [8], the typical radiation of Taiwan varies in
different areas. Using a 1 kW solar cell, the solar powers
generated in northern, central and southern Taiwan are 1.9
kWh, 2.3 kWh and 2.7 kWh per day, respectively. As a
consequence, the self-powered system composed of a 70 W
solar cell can generate 2.3 kWh × 0.07 kW = 161 Wh per day
in central Taiwan. With a 12 V- 100 Ah lead-acid battery
coupled to the system, it can be a stable power source for 8.4

Figure 5. The embedded-system based gateway

Figure 4. Flowchart of the gateway program

Figure 6. Data delivery rate of the experiment (June 29, 2011)
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a solar cell, so it is suitable for long-term monitoring. In the
preliminary result, we have proved that the proposed gateway
can effectively collect and transmit data to the backend server.
We also successfully develop multiple transmission interfaces
for the embedded system. In addition to the basic function of a
gateway, we have added a self-sensing function that gathers a
variety of sensed data. We still expect to expand the gateway
with more functions, such as data recording and data
complementation, to prevent data loss and make the gateway
more suitable for large-scaled monitoring. Besides, we will
conduct more experiments under different weather conditions
to test the durability of the self-power system and make sure
the restoration after power reconnection. In addition to solve
the transmission problem of WSNs caused by changes in the
environment, a good network should restore itself after
improving transmission quality. This will serve as an
inspiration for our upcoming experiments.

C. Comparison of the Sensed Data from the Proposed
Gateway and the Taipei Weather Station
In addition to the sensed data collected by sensor nodes,
the proposed gateway also gathers meteorological parameters
around the area. The gateway was deployed at a college
campus, and began to send meteorological data to the backend
server. The readings of rainfall, wind speed and direction were
not correct, because the gateway was surrounded by trees and
tall buildings. To verify the sensed temperature and humidity
data, we compared the readings of temperature and rel.
humidity from our gateway with the weather data from the
Taipei Weather Station. The distance between the location
where the gateway was deployed to the Taipei Weather Station
is about 4 km. In Fig. 7 and Fig. 8, we can find that the trends
of the two data sources are similar. The two locations are still
close to each other, though they are 4 km apart. We believe that
the meteorological parameters detected by the proposed
gateway are valid and trustworthy.
VI.
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This research has completed software and hardware
development for the gateway based on an embedded system.
This self-powered system composed of a lead-acid battery and
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