
Developing Wireless Tags using Laser 
Induced Graphene for Sagebrush VOC 
Detection

Seed Grant: Wireless Sensors for Detecting Chemical 
Phenotypes: Eavesdropping on Sagebrush Mechanisms and 
the Environment



Purpose of the Seed Grant

• Volatile organic compounds (VOCs) are emitted by sagebrush in response 
to abiotic (e.g., drought, temperature) and biotic (e.g., herbivores) stressors.

• We are lacking the ability to measure the concentration of VOCs in real-time 
over a large geographic area

• This project explores the effectiveness of laser-induced graphene transducers 
to respond to the VOCs emitted by sagebrush

• This project also seeks to develop wireless sensing tags capable of 
monitoring VOC emissions in real-time and over a wide geographic area.
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Sensor Tag and Reader Prototype 1.0

• Tags based on Arduino microcontroller

• Capable of reading temperature, humidity, 
and soil moisture sensors

• Employed generic 2.4 GHz communication 
between tags and reader (range ~28 ft)

• Demonstrated communication with Iridium 
satellite

• Battery life relatively short (~28 days for 
reader and ~24 days for tag)
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Sensor Tag and Reader Prototype 2.0

• Redesigned tag and reader using a TinyPico 
board (based on ESP32 microcontroller)

• Communication between tag and reader 
implemented using BlueTooth Low Energy

• Implemented circuitry (Wheatstone bridge) to 
read resistance of LIG transducer

• Read range > 100m

• Low power consumption results in expected 
battery life of approximately 326 days*

* The tag uses a 2200mAh battery and non-linear discharge effects are ignored. The tag samples for 5 seconds every 
5 minutes and a transmit data for 5 seconds twice a day
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Sensor Tag and Reader Prototype 2.1

• Based on sample TinyPico board

• Employed ESP NOW communication 
protocol 

• Demonstrated passing data from one tag 
to the next

• Similar power consumption as 2.0 
prototype



Conclusions

Prototype tag and reader were successfully demonstrated

• Reading LIG transducer

• Communication between reader and tag with acceptable read range

• Battery life of reader and tags satisfactory

Future work

• Explore use of alternative communication protocols (e.g., LoRa)

• Explore inter-operability with existing sensors

• Demonstrate integration with drone
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Laser Induced Graphene Process Development

• Apparatus – CNC 3018 Pro Engraver

• Medium – Kapton (polyimide tape)

• Result – Laser Induced Graphene (LIG)

o 2-D nanomaterial with a porous microstructure 

o Good candidate for chemiresistive sensor
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LIG Sensor Development

• Switched to using a Glowforge laser printer

• Experimented with many production 
variables

o Pattern shape, laser intensity, laser speed, etc.

• Landed on a serpentine pattern

• Tested full system integration

• Saw slight response to wafting VOC

o However, showed similar responses to     various 
other stimuli
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LIG Sensor Characterization

• Looked into the LIG sensor's 
• Temperature response
• Degradation at constant voltage and 

temperature
• Strain/bending response



Conclusions

Successfully manufactured and tested LIG sensors

• Explored different manufacturing laser parameters

• Explored temperature response, degradation at constant voltage and temperature, 
strain/bending response

• Explored LIG sensor response to VOCs

Future work

• Investigate sensitivity and selectivity of the LIG sensor

• Investigate degradation of the LIG sensor
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Conference Papers and Presentations

2023 IEEE Opportunity Research Scholars Symposium
https://orss.ieee-rfid.org/

2023 IEEE International Conference on Digital Twins and 
Parallel Intelligence

https://2023.ieee-dtpi.org/

Best Paper in Idaho Track!

https://orss.ieee-rfid.org/
https://2023.ieee-dtpi.org/


Future Collaboration

• NNU to serve as an asset-partner with BSU on a recent NSF Research Traineeship (NRT) proposal titled: 
"NRT-URoL: Transforming Research through Use-Inspired Student Training (TRUST)"
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