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Monitoring the resistance of four devices: 

 
Figure S1. High-level circuit schematic of resistance monitoring module of the graphene sample (a) 
Sensor board, (b) Analog to digital converter (ADC), (c) ESP32 microcontroller. 

Our sensing platform contains three graphene chemiresistors (G1, G2, G3); To detect 
the presence of a chemical, one monitors the resistance of these graphene samples. Our 
platform also contains a commercial resistor RStatic, which resistance is also monitored to 
ensure the system’s electronic stability. The architecture used to monitor the resistance of 
each graphene samples is composed of three main components. The first, the sensor 
board, can house up to four sensors which are connected in series to a 1 kΩ reference 
resistances and terminated at a common ground. A 3.3 DC voltage (V0) is provided to the 
sensor board via the external battery and voltage regulator. The regulator ensures that the 
input voltage to the sensor board is steady and resistant to voltage fluctuations that may 
compromise the final resistance reading.  

The second component, the analog to digital converter (ADC), takes an analog volt-
age reading over each reference resistor in succession at points V1, V2, V3, and V4. Due to 
the multiplexing capability of the ADC, each voltage reading can be considered independ-
ent from the next. The ADC is then able to convert each analog voltage reading into a 
digital value that can be communicated through SPI data bus to the final component in 
our architecture, an ESP32 microcontroller (µC). The µC uses the digital voltage values 
and performs a simple ohms law calculation to recover the ohmic resistances (see equation 
in Fig. S2). The process of obtaining these resistances is performed on a continuous basis.  
We can program the µC to perform a moving average to reduce noise. The calculated 



averaged values of each resistance are then transmitted in data packets by wireless com-
munication via the Semtech’s LoRa protocol.  

 
Figure S2. Schematic of the circuit and sample calculation to retrieve the resistance of the graphene 
chemiresitor G1. V0 is provided by an external battery and voltage regulator, RG1 is the actual re-
sistance of the graphene sensor G1, R1Ref is a 1 kΩ commercial resistor and V1 is the voltage read by 
the ADC. The same technique is applied to monitor the resistance of other graphene samples on-
board the sensing platform as well as the static resistor. 

Hardware architecture – devices and components: 

 
Figure S3. Complete functional schematic of the sensing platform. 


