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Abstract: We propose “Sensor Cloud” which is a cloud computing environment where sensor devices are
managed as one of IT resources in the same way as CPU, storages, and networks. In Sensor Cloud, we can
adapt three functions of cloud computing to sensor networks; 1) Virtualization, 2) Automation, 3) Standard-
ization and provide sensor network infrastructures which user can share easily. In existing sensor networks,
users connect to sensor devices directly and some problems occur that multiple users cannot share a sensor
device, acquire information of sensor devices, and connect among various sensor devices seamlessly because
sensor devices have various protocols and their resources are much poor. Sensor Cloud can provide three
functions to such sensor devices: 1) Multiple users can share one sensor device. 2) Information of sensor
devices can be gathered in a catalog. 3) User can connect to many sensor devices seamlessly. In our system,
multiple users can select the sensor devices they want to need, and acquire properties and sensing data of
sensor device because users share not sensor data but a sensor device itself in VM by virtualizing sensor
devices. In our paper, we have implemented prototype of Sensor Cloud and evaluated it. We show that
Sensor Cloud enables many users to share one sensor device.
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Fig. 2 Metering and monitoring of sensors.
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Fig. 3 System architecture of sensor cloud.
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Fig. 4 Extension of existing workflow.
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Table 1 Power consumption of servers.

=N WERED | Y- HEEH | V- HEED
1 541 W 2 446 W 3 540 W
4 169 W 5 222 W 6 138 W
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10 234 W 11 242 W 12 266 W
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Fig. 11 Evaluation measurement.

Data Forwarder: Virtual Sensor :
<Asynchronous > 1

Each period Tp:

Send SNMP Request (All Sensors);
Receive SNMP Reply (All Sensors);
Send Sensor Data (VMs);

When receive sensor data from Hypervisor:2
Store in Cache (Data);

When receive sensor data request from AP :
tstart = Current_time();
Retrieve from Cache (Data); 2, 3
If Data is older than expire date Te 3
Send Synchronous Request (Data);
Data = Receive Synchronous Reply();

<Synchronous> 4

Receive Synchronous Request (Data)
Sensor = Get Sensor Device (Data)
Send SNMP Request (Sensor) tend = Current_time();
Receive SNMP Reply (Sensor) Return Data;

Send Sensor Data (VMs); else @

tend = Current_time();
Return Data;

12 WEo 7T -—
Fig. 12 Process flow.
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Fig. 13 Ex1: Delay of delivering sensor data (500 msec).
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Fig. 14 Ex2: Delay of delivering sensor Data (3 sec).
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Fig. 15 Screen capture of monitoring system.
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Fig. 16 Screen capture of accounting system.
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Fig. 17 Application for sensor cloud.
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