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In this study, we demonstrated the feasibility of gas mixture quantification using Field Asymmetric Ion
Mobility Spectrometry (FAIMS) for the first time in the world. FAIMS, which is a rapid, sensitive gas sensing
method, can obtain rich information related to the mobility of ionized gas. However, it is not easy to apply the
conventional approach to FAIMS for quantification because it has a strong nonlinearity characteristic. The
problem of the strong nonlinear characteristic for FAIMS was solved by using active sensing to enhance
functions such as performance, effectivity, and flexibility, whereas the passive one is used in most of the
sensing systems.

The active sensing was realized using the relative measurement method, which compares the target gas and
gas mixture generated by the system. The flow rate of each component of the gas mixture was controlled by
mass flow controllers to adjust ingredient concentration in the gas mixture. If the relative measurement
method is used, the quantification of the gas mixture with FAIMS can be regarded as an optimization
problem. Gradient descent method was selected to solve the optimization problem since the speed of
convergence is faster than other algorisms such as simulated annealing.

The computer simulation reveals that it is possible to apply the gradient method to solve the optimization
problem because the quantification was successful using estimate gradients. The estimate gradients were
calculated from the difference between the target data and the data of the gas mixture generated by the
system, estimated by interpolating a discrete set of data points measured in advance. The mixture
quantification was also experimentally confirmed. Moreover, the computer simulation demonstrates the
possibility of multi-input multi-output feedback based on optimal control for speed up of the mixture
quantification.
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