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Project objective

Develop a new wireless high-temperature sensor network for real-
time continuous boiler condition monitoring in harsh environments
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Schematic architecture of the smart boiler wireless sensor network

* High-temperature sensors with integrated
antennas

* Coupled with a ZigBee end device (ZED)

* Collect and route boiler temperature data
in real-time
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Background

The needs

* Boilers and furnaces are extensively used virtually everywhere

* These systems consume the most significant amount of energy

* Optimizing the operation of the systems can lead not only to huge energy
savings and bring tremendous benefits to our environment

Estimated 1impacts

* 1% efficiency improvement provides energy savings of around 30
billion kilowatt-hours (kW-h)

* ~ 300 billion cubic feet of natural gas

e ~ 17 million tons of carbon emission reduction



Task 1:

Task 2:

Task 3:

Task 4:
Task 5:

Tasks

Obtain optimal designs of the wireless high temperature sensor
network.

Fabricate the wireless high-temperature sensor and build the wireless
sensor network.

Characterize the wireless high-temperature sensor and evaluate the
performance of the wireless high-temperature sensor.

Determine the system stability and reliability.

Report.
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TASK DESCRIPTION

Task 1 Obtain optimal designs of
the wireless sensor network

1. Design the high-temperature
Sensor

2. Design the broadband antenna

3. Antenna coupling through the
Lamb filter

4. Design the sensor network and
perform network simulation

Task 2 Fabricate the wireless
sensor network
1. Fabricate the wireless high-
temperature sensor
2. Set up the wireless high-
temperature sensor network
Task 3 Characterize the wireless
high-temperature sensor network
1. Characterize the high-
temperature sensor
2. Characterize the RF
performance of the antenna

3. Characterize the wireless
sensor network
Task 4 Determine the system
stability and reliability
1. Characterize the high-
temperature sensor reliability
2. Characterize the reliability of the
senor network

Task 5 Report
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Design the High-temperature wireless sensor
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4H SiC high temperature semiconductor

(b) 3D schematic structure

1Lin, C.-M. et al. Thermally compensated aluminum nitride Lamb wave resonators for high
temperature applications. Applied Physics Letters 97, 083501, doi:10.1063/1.3481361 (2010)



Lamb-filter temperature shift
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Lamb-filter temperature shift (900 MHz)
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Summary of design parameters

Design parameters for 2.4 GHz filter

N o N T

0.0104 -42e-6 1.25x10° 7.0x101!

Design parameters for 900 MHz filter

M“

0.0285 -42e-6 1.25x10° 0.2 7.0x101!




Methods

Broadband antenna
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Simulated 3dB bandwidth. A broadband operation of 800 MHz can be achieved

* Antenna coupling
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2.4 GHz Antenna design
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2.4 GHz Antenna design
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VSWR

2.4 GHz Antenna design
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2.4 GHz Antenna design

3D antenna pattern (dBi) Smith chart

Total Gain [dBi]

6.546
N £690.0e-2

-5.166

-11.02
-16.88




Set up the wireless high-temperature sensor network testbed
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High-temperature WSN testbed

Include Different ZigBee PRO devices (
ZigBee End Device (ZED), ZigBee Router
(ZR), and ZigBee Coordinator (ZC) ).

Implement several augmented routing
protocol candidates (e.g., ARTO-AODYV, EA-
AODV, AODV-FL) in the Ad-hoc On-
demand Distance Vector (AODV) routing
protocol family

Evaluate and compare both non-beacon-
enabled and beacon-enabled modes at the
MAC layer

Validate the most energy-efficient channel
access mechanism with low/tolerable
transmission latency



Task 2.2 RF wireless sensor network set up ?A
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Task 2.2 RF wireless sensor network set up
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Future work

* Continue set up the RF wireless network
* Simulate the wireless network

* Start the fabrication of the high-temperature
sensor
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