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The study of an optical correlation spectroscopy gas detection system is presented in
this thesis. The correlation spectroscopy method uses a sample of reference gas as a
filter to identify the concentration of the target gas in a measurement gas cell.

A review of optical gas sensing methods employed throughout the twentieth and early
twenty-first centuries, which led to this version of correlation spectroscopy, is presented.
The equation for the output signal modulation, the modulation index, is derived. The
method of correlation spectroscopy is analysed by simplified approximation, which aids
the understanding of the method.

The study primarily relates to the detection of CO, gas. The 2000 edition of the Hitran
database was used to provide spectroscopic absorption data for a series of simulations
of the correlation spectroscopy method. The simulations show the dependence of the
modulation index on measurement cell target gas concentration, measurement cell target
gas pressure and measurement cell target gas temperature. Experiments were carried
out to assess the correlation spectroscopy method. These experiments used a large-core
optical fibre implementation of a correlation spectroscopy detection system with LED
infra-red optical sources. A comparison of simulated and experimental results is given.,
At gas cell pressures of 1 bar the experimental data and the simulated data were found
to agree to within 15%. Simulated results for the detection of CH, and O5 are also
presented.

A method of increasing the output modulation index by the pressurisation of a COj
containing reference gas cell was also investigated by simulation and experiment. It was
found by experiment and simulation, that by the pressurisation of the reference gas cell
to 6 bar, the modulation index could by increased by up to a factor of 2. However, it
was shown that the cross-sensitivity to a contaminant gas also increased.
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