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Abstract  Zigbee is a wireless communication technology optimized for WSN (Wireless Sensor Network)
environment. A WSN gateway is used for node control and data transmission. However, a fixed-type gateway
can restrict the flexibility of the WSN environment. A smartphone-mounted high-performance processor and
Android OS can be easily used in a mobile WSN gateway. In this paper, we proposed a mobile WSN gateway
based on Android smartphones. In the proposed system, a Zigbee sensor module is connected with a

smartphone via USB (Universal Serial Bus) port. We also implemented an Android application for the mobile
WSN gateway.
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1. Introduction has a processor, several sensors, and wireless network

interfaces. A sensor node is in charge of monitoring the

WSN is a self-organized wireless network, which environment, such as its temperature, pressure, etc.,

consists of sensor nodes and gateways. A sensor node and transmitting data cooperatively through a network.
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A gateway usually has a better performance processor
and multiple network interfaces to send/receive data
and control the sensor nodes. The WSN is used in
many applications, such as the military, robot control,
home appliance control, health care, environment
monitoring, automobiles, etc.

Zighee is a wireless communication technology
based on IEEE 802154 LR-WPAN (Low-Rate
Wireless Personal Area Network) standard. Zighee
defines specifications from low-level PHY behavior to
high-level protocol. Zigbee is optimized for low-power
consumption, low data rate, and short-distance wireless
Because  of

advantages, Zigbee is widely used as a wireless

communication — environment. those
network interface for sensor nodes.

In a WSN environment, a gateway is needed to
control sensor nodes and receive data. However, a fixed
type gateway can restrict the flexibility of WSN since
a fixed device needs infrastructure [1-3]. A mobile type
WSN gateway is not a required infrastructure. Also, a
mobile WSN gateway is convenient to use, can support
portability, and can adapt to various topology changes.

Recently,

high-performance

smartphones which possess mounted

processors,  various — network
interfaces, and USB interfaces have been widely
distributed. Android OS is the most widely distributed
smartphone OS. Android OS is based on Linux kernel
and is optimized for the smartphone environment.
Further, the Android kernel and framework are open to
the public. Software developers can modify the Android
kernel and framework to support external devices, to
optimize code, or to extend the features of Android
devices. Also software developers can develop an
Android application using Java language and can get
help from the Android developer's community. Thus, an
Android smartphone can be easily used for mobile
WSN gateway.

In this paper, we proposed a mobile WSN gateway
based on Android smartphones. In the proposed

system, a sensor module based on Zigbee is connected

with a smartphone via a USB port. We implemented
the proposed system
smartphone. Android kernel provides a USB-related
driver to support the Zigbee module. The mobile WSN

gateway application supports user interface, controls

in a commercial Android

sensor nodes, and sends/receives data. To access the
sensor module in the Android application, it supports
the USB Serial Converter Driver and Serial
Communication Library based on JNI (Java Native
Interface).

2. Related Works

Related works designed and proposed various WSN
systems and introduced gateways [1,2,34]. A previous
work [1] proposed robot control system supporting
wired and wireless network. A previous work [2]
suggested sensor node control system using
smartphone. A previous work [3] proposed web
service-based monitoring system for WSN. They also
used a fixed PC as a WSN gateway to control sensor
nodes and receive data [1,23]. Some studies used
embedded systems with Bluetooth interface for WSN
gateway [4]. In the previous work [1,2,3,4], smartphone
should connect to WSN gateway via WiFi or 3G
network to access sensor node. PC or embedded
infrastructure  to

support power and wired network. However, that

system-based gateway requires

requirement can restrict the flexibility and scalability of
a WSN environment.

A previous work [5] proposed a mobile WSN
gateway with smartphones based on Symbian OS. The
proposed system used SDIO (Secure Digital Input
Output) interface to connect a sensor module. However,
almost all commercial smartphones have only one
SDIO interface or none at all. Further, SDIO is used for
external storage. Symbian OS-based smartphones are
not globally distributed yet.

A past research proposed a mobile WSN gateway
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based on Android smartphones [6]. In that work, a
sensor module was directly connected with smartphone
CPU via UART (Universal Asynchronous Receiver
Transmitter) pin. Such was hard to implement without
HW change in the already distributed commercial
smartphone. Table 1 presents a comparison of the
mobile WSN gateway.

(Table 1) Comparison of Difference of Mobile
WSN Gateway

“@gﬁe Related Related
Work [5] Work [6]
Gateway
Operating | s 4rid 05 | SR Andrid 05
System 0S
Interface USB SDIO UART
Development Android QT Android
Environment Framework Framework Framework
4.0.3 2.3
Language JAVA/C C/CH++ JAVA/C

3. Mobile WSN Gateway

3.1 System Architecture

Sensor Module

Android Smartphone

Application Android Application
NI
. (Java Native Interface
Android H

Framework

|EEE802.15.4
RF

Micro Controller Unit

.
Bus Controller Kernel =

USB Core Driver

Serial Communication
Library

T
s
USB Serial Converter
Driver

>

Hardware USB Host

USB Port
USB

1] System Architecture of Mobile WSN
Gateway

[Fig.

Figure 1 presents the structure of the proposed
mobile WSN gateway. The sensor module consists of
MCU (Micro Controller Unit), RF module, and USB to
UART Bridge. MCU is a processor including internal
memory to store data, and bus controller. RF module
provides IEEE 802.15.4 MAC (Medium Access Control)

and Zigbee protocol stack. The USB to UART Bridge
provides UART and USB features to create an
interface between sensor modules and Android
smartphones. The sensor module connects with a
smartphone’s USB Host Controller via USB port. USB
Core Driver is in charge of initializing and enumerating
USB device and transmitting USB data. USB Serial
Converter Driver is used for converting USB data to
serial data and providing TTY interface. Since Android
application is not able to access the device driver
directly, Serial Communication Library provides API
(Application Programming Interface) to open and close
TTY device and read and write data. Android
application provides UI (User Interface) to display the
received data and status of sensor node. The Android
application can read and write data and generate
commands via JNI (Java Native Interface) by calling
API, which is provided by the Serial Communication
Library.

3.2 Hardware Module

[Fig. 2] Sensor Module

Figure 2 presents a picture of the sensor node that
is used in the mobile WSN gateway. The sensor node
used CC2420 made by Texas Instruments for IEEE
802.15.4 compliant RF transceiver, ATmegal 28L. made
by ATMEL for processing sensor data, and CP2102
made by Silicon Laboratories as USB to UART Bridge.
The CC2420 is 24GHz RF transceiver with MAC
support maximum 250kbps data rate. The CC2420 is
suitable for both FFD (Full-Function Device) and RFD
(Reduced-Function Device). The ATmegal28L is 8-bit
support 128Kbytes of
programmable flash memory. The CC2420 is connected
with ATmegal28L via SPI (Serial Peripheral Interface)

microcontroller In-system
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#include  <jni.h>

stopBits, jint parity)

jhoolean
jstring  Java_com_wit_jni_Serial CommunicationJNI_readData

jboolean  Java_com_wit_jni_SerialCommunication]NI_create (JNIEnv *env, jclass this, jint port)
jboolean  Java_com_wit_jni_Serial Communication]NI_connect (JNIEnv *env, jclass this, jint port, jint baudRate, jint dataBits, jint

jboolean  Java_com_wit_jni_Serial Communication]NI_disconnect (JNIEnv *env, jclass this)
Java_com_wit_jni_SerialCommunication]JNI_sendData (JNIEnv *env, jclass this, jstring data)
(JNIEnv *env, jclass this)

[Fig. 4] Function Prototype of the Serial communication Library

bus. The CP2102 is USB-to-UART bridge controller
support USB 2.0 full-speed and full UART modem

control.

3.3 Mobile Gateway Android Application

Figure 3 presents a part of the class definition of
Android application. The SerialCommunication]JNI class
is in charge of serial communication with sensor node.
However, Java class can't access a serial device
directly, so the class defines functions with a “native”
keyword to access the device via JNI. When the native
function is utilized in Android application (Dalvik
virtual machine in Android framework), a function at
the Serial Communication Library is tapped, which

corresponds with the native function.

package  com.wit.jni;
public class Serial CommunicationJNI {

public static native boolean create(int port);

public static native boolean connect(int port,

int baudRate, int  dataBits, int stopBits, int parity);
public static native boolean disconnect ();

public static native boolean sendData(String data);
public static native String readData(); }

[Fig. 3] Java Class for Access Sensor Module

As seen in Figure 3, the create() function opens a
serial device from “/dev/ttyUSB0.” The connect()
function configures the serial port and connects the
port. The disconnect() function disconnects and closes

the port opened by the create() function. The

sendData() and readData() functions send and receive
data to/from the serial port.

Figure 4 presents APIs provided by the Serial
Communication Library. The Serial Communication
Library is written in C language and built with Android
NDK (Native Development Kit). To determine the
corresponding function by Dalvik virtual machine in
Android framework correctly, the function-naming rule
is very important. In case of the first function in Figure
4, “com _wit_jni” is the same as the package name seen
in Figure 3. Also, “SerialCommunication]NI” is a class
name and “create” is a native function name. The first
parameter “JNIEnv *env” is a pointer variable for JNI
interface, which provides most of the JNI functions.
The second parameter “jclass this” is a Java native
type variable to access Java objects. The first and
other

second parameters are mandatory. The

parameters are Java native type variables.

I Mobile W5N Gateway

SERIAL PORT SETTING

BaudRate
07 34 AB OL 115200
Data Bits
Parity
Stop Bit
EXTERNAL SERVER SETTING
Send Data to External Server ¥

Server Address

(a) (b)
[Fig. 5] Sensor Module and Android Application

Figure 5-(a) and 5-(b) present the main Ul and the
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of the mobile WSN gateway
application. The mobile WSN gateway is tested at
Samsung Galaxy S I (SHW-M250L). The main screen
display receives data from the sensor node. Users can
select data format hexadecimal (HEX) or ASCIL. Also,

to send commands directly, users can use the text box.

configuration Ul

Figure 5-(b) presents the setup screen to configure the
serial port and external server. Users can set the baud
rate, data bits, parity, and stop bit. They can choose
whether the gateway forwards to the external server or
not, and set the address of the external server. If the
“Send Data to External Server” option is checked, the
Android application forwards the received data to the
external server's specified server address via the
network interface of the Android smartphone.

4. Conclusion

‘WSN is applied in a wide range of fields such as
robot control, home network, automobile sensor,
e-health, environment monitoring, etc. In a WSN
environment, a gateway 1s used for data transmission
and node control. In many WSN application studies,
fixed type WSN gateway is considered. Because a
fixed device needs infrastructure, such as a power line
or wired network, the flexibility of WSN may be
restricted. Android is the most widely distributed
smartphone OS and is based on an open source.
Software developers can modify the Android kernel and
Almost  all

have a

develop Android applications easily.
Android smartphones
high—performance processor, an external USB port, and

commercial

various network interfaces.

In this paper, we proposed a mobile WSN gateway
based on Android smartphone. In the proposed system,
a Zigbee sensor module is connected to a smartphone
via USB port. To support the Zigbee module, the
Android kernel provides the USB Core Driver and USB
Serial Converter Driver. Also, we developed a mobile

WSN gateway application. The application supports
user interface to display received data and send
commands. Because an Android application can’t access
a device directly, the application provides the Serial
Communication Library. The application can access a
sensor module through JNI. We implemented the
proposed system in a commercial Android smartphone
without any hardware change. Also the proposed
system provides high scalability and flexibility by
using a USB port and supporting mobility. The
proposed system can adapt to almost any WSN
application, such as home appliance control, robot
control, etc. Further research would be required to
apply Android-based mobile WSN gateway to various

sensor network application environments.
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