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Summary:  

An integrated selective miniaturized multi-gas sensor embedded in a flux chamber enables real-time 
selective gas flux determination without sample extraction. Using frequency multiplexing multiple gas 
flux can be measured simultaneously with a single detector. Proving the independent gas flux measure-
ment with a large cost reduction compared to conventional designs, a scalable platform for surface gas 
emission measurements was designed.  
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Introduction 

Gas exchange between the Earth’s surface and 
the atmosphere is a key component of global bi-
ogeochemical cycles regulating climate and eco-
system functioning. Soils and vegetation emit 
and consume gases such as carbon dioxide 
(CO₂), methane (CH₄), and nitrous oxide (N₂O) 
through respiration and microbial decomposition 
[1]. In agricultural systems, these fluxes are 
strongly influenced by management practices 
such as fertilization, irrigation, and livestock pro-
duction. Because these processes vary signifi-
cantly in space and time due to changes in soil 
moisture, temperature, biological activity, and 
management events, monitoring approaches 
with high temporal resolution and dense spatial 
coverage are required [1]. 

Currently, fluxes are mainly measured using 
eddy covariance systems or chamber-based ap-
proaches combined with gas chromatography or 
laser spectroscopy [2]. These methods often re-
quire gas sample extraction and complex instru-
mentation, limiting large-scale deployment. Re-
cently the development of low-cost automated 
flux chambers with commercially available gas 
sensors directly inside the head volume have 
emerged [3]. Those increase complexity by us-
ing multiple sensors to achieve the simultaneous 
measurement of multiple gases and trade-off 
some selectivity and sensitivity by using lower 
quality sensors. 

Here an approach using an integrated selective 
miniaturized multi-gas sensor [4] embedded in a 
chamber is shown to enable real-time gas flux 
determination without sample extraction. In this 
approach, gas fluxes are determined from 
real-time concentration gradients inside the 

chamber, allowing continuous measurements 
with minimal system complexity. Such integrated 
sensing units provide a scalable foundation for 
dense chamber networks to monitor soil–atmos-
phere gas exchange across agricultural and nat-
ural landscapes. 

Method 

Fig. 1 depicts the used sensing setup. It uses two 
temperature-controlled light sources: L15895-
0430CN and L15893-0330CN (Hamamatsu 
Photonics K. K., Japan) with wavelength of 4.3 
and 3.3 µm. Amplitude modulation of the LED 
current with a sine wave of frequency 469 Hz 
and 541 Hz leads to sound wave generation at 
those frequencies according to the gas species.  

  

Fig. 1. Schematic Diagram of flux chamber. Multifre-
quency modulated LEDs excite photoacoustic signals 
according to each gas species. 

The sensor has an absorption path length of 3 
cm, where interaction between the gas mixture 
and light lead to an attenuation according to 
Beer-Lambert’s law. Frequency multiplexing 
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allows selective multi-gas sensing without cross-
sensitivity to humidity or other gases. The 
setup’s compact size, allows sensor integration 
directly into the flux chamber. The vent, motor-
ized by a linear actuator, can open and close the 
chamber automatically for intermediate ventila-
tion. The gas sensor itself reports a measure-
ment sample every 10 seconds for CO2 and CH4.  

The sensor assembly includes a Wi-Fi capable 
ESP32 (Espressif Systems (Shanghai) Co., Ltd., 
China), reading and transmitting sensor data to 
an offsite database. It also controls the motor for 
the ventilation opening and reads data from an 
environmental sensor MS8607 (TE Connectivity 
plc, Ireland), recording air temperature, relative 
humidity and pressure. 

Experimental 

For evaluation the flux chamber was placed on 
top of cattle manure stored in a cut open IBC 
container. With a ventilation window of 5 minutes 
and a closed gas accumulation window of 20 
minutes the continuous gas concentration inside 
the flux chamber was recorded for 11 days. 

The flux is calculated using a closed chamber 
approach, meaning CO2 and CH4 concentration 
accumulate inside the closed chamber while be-
ing simultaneously measured by the sensor. The 
ventilation resets the gas concentration inside 
the chamber to the baseline, starting a new au-
tomated measurement cycle. The wireless inter-
face allows for remote management and straight 
forward setup of multiple flux chambers in a wire-
less sensing network. 

 

Fig. 2. Flow chamber gas concentration data for CO2 
and CH4 with exemplary linear fits. The measurements 
were taken with a 5-minute ventilation window and 20 
minutes of gas accumulation.  

By applying a linear fit to the independent gas 
concentration data, while no ventilation occurs, 
the simultaneous gas flow for multiple gases can 
be determined independently (see Fig. 2). 

Results 

Applying the linear fitting method to the whole 
measurement period, the temporal trend of gas 
flux emitted from the substrate is created (see 
Fig. 3). By comparing flux data to the environ-
mental sensor data recorded inside the cham-
ber, investigation of the influence of environment 

temperature, pressure and relative humidity is 
possible. 

 

Fig. 3. Top: Flow data derived from flux chamber con-
centration measurements for CO2 and CH4. Bottom: 
Environmental sensor data during the measurement 
period. 

Conclusion 

By integrating a compact novel photoacoustic 
multi-gas sensor into a flux chamber, a revolu-
tionary cost reducing sensing system for surface 
gas flux measurements was established, without 
compromising on selectivity. Cost reduction and 
integrating the sensor into the chamber, also 
adding wireless connectivity opens up opportu-
nities for a scalable gas flux measurement net-
work especially useful for dense large-scale soil 
emission examination. The multi-gas sensor 
would allow additional simultaneous gas detec-
tion of more gases without increasing complexity 
or cost of the sensor platform for measuring N2O 
in soil emission, too. 
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