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A Sensor Actuator Network Architecture with
Control Rules

Soko AoKI, ! Yukiniko KiRIHARA,T? JIN Nakazawa, 3
KazuNoRI TakasHiofh? and HipEyukr Tokupafhf3

This paper presents a Spinning Sensors NW middleware which realizes a
distributed sensor actuator network and a Sensor Actuator Network Markup
Language (SANML) to write the controlling rules of networked sensors and

acutuators. In the realization of sensor actuator network architecture, the pro-
grammer needs to coordinate sensors and actuators in the network and set the
control rules of them. We have stated these problems as distributed coordi-
nation problem and coordination setting problem. The Spinning Sensors NW
middleware provides the mechanism to coordinate multiple networked sensors
and actuators. The SANML provides a format to express the control rules of
sensors and actuators. We implemented a air conditioning application to test
the performance of the middleware and the expressive power of the markup
language. This paper overcomes both distributed coordination problem and
coordination setting problem in sensor actuator network architecture and in-
crease the flexibility and combinations of sensors and actuators.
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Fig.1 Examples of sensor actuaotr network.
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<\--00oooo -->

<sanml>
<--0000000ooooog -->
<sensor name="SensorName">
</sensor>

<\--00000000000O0O0O0O000 -->
<actuator name="ActuatorName’>
</actuator>

<\--000000oooooooooooon -->
<fusion>
<\--00000000000 -->
<process type=’for’>
<I-- 0000000000 -->
<sensor ref=’SensorName’ symbol=’rule’ value=’x’>
</process>
<actuator ref="ActuatorName’>"
</fusion>
</sanml>

J

02 SANMLOOOO
Fig.2 Basic composition of SANML.
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01 SANMLOOO
Table 1 Definition of SANML.
SANML 00O goooo oooo oo
sanml goooo sensor actuator( fusion | SANML O0O0O0O0O
sensor oooo id goooooooooo
oooo port gooooooooooooooooooooo
actuator oooo id goooooooooooooo
oooo port go0oo0ooooo0ooooooooooooo
fusion oooo sensor 0000 00sensord actuator 00O
gooooooo actuator 000000000 symbol O value 0OO
process gooooooooooOooooboooooooboo
rule O00000000O00ifelse00000O0for0000
0 2 SANML Fusion OO0O0O00O00O00OO
Table 2 Definition of SANML fusion setting.
fusion 00000000 sensor DO00actuator 000000000000
oo SANML 00O oo
oooo symbol = {+,-*,/}’ 000000 symbol0O00OODODO0O valueOODOODOOO
oooo symbol = {<,<=,=>=>} 000000 valueOOOOOODOOOOODDOODOODOO
oooo symbol = ’interval’ 0000O0O0o0oO0o0o0ooooOoOOdOvalue=1000 000000 10000000
oooo symbol = ’wait’ 000000000000 Ovalue=1000 0000000000 10000
ooo symbol = ’step’ 0000000000 00000Ovalue=10000000 10000000000
process U000 0000O0OOOOOO
oo SANML 00O oo
gooo type = {sum,ave,max,min,var} goo0o00ooooo0OoOoDoo0U0OoDOoOoUOOooDoOOO
ooooo type = ”filename” 000000000000000000000OfilenameOOOO0OO
rule 0000000O0DOOOOO
oo SANML 00O oo
gooo type = ’ifelse’ sensor 000000000 actuator 00000
0ooo type = ’for’ sensor 0000000 actuator 00000000

obobobooooooooboboboobO0onooonod <process>000000000000O
gobooooboooooobooooooboo
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<!\--00000Do00ooooo --»>

<sensor name="QutsideTempSensor">
<id>ssnw://sensor/OutTempImpl/192.168.1.2/sensor1/</id>
</sensor>

<\--0000000000000000g -->

<actuator name="FanActuator">
<id>ssnw://actuator/FanImpl/192.168.1.4/act1/</id>
</actuator>

<\--00000000000000000 -->

<actuator name="AirconActuator">
<id>ssnw://actuator/AirconImpl/192.168.1.5/act1/</id>
</actuator>

<\--0000000o000og -->
//00000 25 00000 FanO25 00000 Aircon OO0
<fusion>
<rule type=’ifelse’>
<sensor ref=’OutsideTempSensor’ symbol=’>=’ value=’25’>
<actuator ref=’FanActuator’></actuator>
</sensor>
<sensor ref=’OutsideTempSensor’ symbol=’<’ value=’25’>
<actuator ref=’AirconActuator’></actuator>
</sensor>
</rule>
</fusion>

03 0Jooooooo SANML
Fig.3 Air conditioning management written by SANML.
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<\--000000O0OD0DO0O0O0O0O -->
//SoilTempSensor [ SoilMoistSensor DO OO OOOO0O

<'--00000000000D000000 -->
//CellphoneActuatorl 0 CellphoneActuator2 000000000

<\--00000000000 -->

//60 000000000000000000

<fusion>

<rule type=’for’>
<sensor ref=’SoilTempSensor’
symbol=’interval’ value=’3600’ symbol=’step’ value=’0.1">
<actuator ref=’CellphoneActuatorl’></actuator>
</sensor>
<sensor ref=’SoilMoistSensor’ symbol=’interval’

value=’3600’>

<actuator ref=’CellphoneActuator2’></actuator>
</sensor>

</fusion>

04 0000 SANML
Fig.4 Farm monitoring written by SANML.

<'--000000000Doooooog -->
//NetworkedRobot1 00 O00O0OOOOO

<\--0000000000ocooooo0 --»>
//NetworkedRobot2 0000 OOOOO

<'\--000000000000D00000 -—>
//NetworkedRobot3 000000000

<!\--00000000000 -->
//000 30000000000000 500000000
<fusion>
<actuator ref=’NetworkedRobotl’ symbol=’wait’ value=’5’>
<actuator ref=’NetworkedRobot2’ symbol=’wait’ value=’5’>
<actuator ref=’NetworkedRobot3’ symbol=’wait’ value=’5’>
</fusion>

J

05 JUO0O0O0OO0OO0OOO SANML
Fig.5 Farm monitoring written by SANML.
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Fig.6 Spinning sensors NW software architecture.
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Fig.7 Spinning sensors NW sequence chart.

03 D00O0OO0O0OOOO0ODOOO0ODOOO0OOOO0OOOO0n
Table 3 List of supported sensors and actuators.

oo ooo oo ooooog
Sensor TECO uPart 13) light, temperature, movement UpartSensorImpl
Sensor LEGO Mindstorms %) light, sound, ultrasonic, touch | MindstormsSensorImpl
Sensor Phidgets 15) temp, light, rotation, slider PhidgetsSensorImpl
Sensor Phidgets RFID 15) RFID reader and tags PhidgetsRFIDImpl
Robotic Actuator LEGO Mindstorms motor MindstormsActuatorImpl
Robotic Actuator Phidgets motor PhidgetsActuatorImpl
Service Component Aviosys IPPower power control IpPowerImpl
Service Component JFreeChart graph viewer DataViewerImpl

Service Component

Apple Quicktime

movie player

VideoControllerImpl
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public class NodeSender implements Serializableq
private static NodeSender instance;
private ObjectOutputStream output;

private ConfigManager config;
//0000000000
public synchronized NotifyMessage send(NotifyMessage msg){
Socket socket = null;
try {
//000000000000000000000000O0
if (msg.getCommand () . equals(CoreConstants.REGISTER_NODE)) {
socket = makeSocket(config.getServerId(),
config.getServerPort());

}

catchO{//0000000
}
//000000000000000
output = new ObjectOutputStream(socket.getOutputStream());
output.writeObject (msg);
output.flush();
/000000
output.close();
socket.close();
}

}

public synchronized Socket makeSocket(String ip,int port){
//socket 0000

}

public synchronized void closeSocket(String ip){

//socket 0000

s
}

08 O00O0OO0OO0OO0OO0ODOOOOOODODO
Fig.8 Sample code of spinning sensors NW.
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Fig.9 Hardware composition in performance evaluation.
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