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Imaging the distribution of  minor pollutant species 
in combustion exhaust would be valuable for a 
range of  industrial sectors and for environmental 
protection. This case study has addressed the 
imaging of  an average concentration of  10 parts per 
million by volume (ppm) of  carbon monoxide (CO) 
in an automotive exhaust pipe of  50mm diameter. 
The viable spectroscopic absorption lines are in the 
Mid-IR, exploiting the high absorption strengths of  
fundamental transitions (see Proc. 5th World Congress 
on Industrial Process Tomography, 2007 and Measurement 
Science and Technology, 19 (9), 2008).  The task is then 
to achieve the single-path measurement sensitivity 
of  0.05 ppm-metre at kHz bandwidths. This is 
expected to be achievable with a new variation of  
the well-known Balanced-Ratiometric Detection 
(BRD) technique. 

In BRD, one beam goes through the target 
gas onto a detector, a reference beam at the same 
wavelength goes directly to a second detector, and 
their signal-balanced ratio removes some noise 
effects, particularly that due to laser intensity 
fl uctuations. The new auto Digital Gain Balancing 
(DGB) technique uses a new approach based on a 
Field-Programmable Gate Array (FPGA), but still 
using two optical paths just like BRD. The laser 
wavelength is stepped through an absorption line, 
but between each two scan steps, there is a step 
back to a reference wavelength. At every step, a 
feedback subtractor is applied to fi nd the channel 
gains that balance the signals between the scan 
step wavelength and the reference wavelength. The 
absorption measurement is then encoded as a ratio 
of  gains. DGB has the following features:

a) It cancels out optoelectronic noise effects 
(additive as well as multiplicative) and 
baseline fl uctuation, 

b) After initial set-up, it eliminates calibration 
requirements for the balanced ratio, and 

c) Where there is more than one species present 
in the target gas, it separates their different 
absorption effects if  the wavelength scan 
crosses an absorption line of  each species.

The DGB electronic circuit is now built and is 
currently being tested. 

 Auto Digital Gain Balancing for 
Minor Gas Species Measurement

Sandip Pal and Hugh McCann, 
University of Manchester 

A new opto-electronic technique (DGB) has been invented 
for sensitive in-situ gas species measurement, using carbon 
monoxide (CO) as a case study. With its high-speed 
capability, DGB will have immediate applications in 
the design and control of  combustion pollution abatement 
systems, and will be implemented in a chemical species 
tomography system. DGB exploits the fast embedded logic 
properties of  FPGAs and programmable gain amplifi ers to 
yield the concentration measurement as a ratio of  electronic 
gain settings, thus providing calibration-free operation. 

Circuit simulation results: the wavelength is scanned 
in steps (blue square-wave) across a CO absorption 

line (2169.2 cm-1) and a nearby CO2 line (2170.2 
cm-1). The red signal is the gain ratio, showing the 
detection of both species during a 0.6msec scan. 

Electrical Impedance 
Spectroscopy Study on Charged 

Particles in Suspension/
Crystallisation Processes 
Yanlin Zhao, University of  Leeds

Electrical impedance spectroscopy of  L-glutamic acid 
solution was studied in a crystallisation process. The aim 
of  the project is to provide physical chemistry fundamentals 
for developing a technique for on-line measurement of  
spatial distribution of  crystal size. In the experiments, 
complex impedance and phase angle were measured online 
and analysed using the equivalent circuit model. 

Conventional process tomography (e.g. electrical 
impedance or ultrasound tomography) has  
demonstrated the capability of  monitoring particle 
concentration distribution and super-saturation 
distribution during batch temperature-controlled 
crystallisation. However, current techniques may 
be seriously challenged to resolve on-line the spatial 
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distribution of  particle characteristics, e.g. the 
particle size distribution or the spatial distribution 
of  polymorphic phase transformation processes. 
In the study, an electrical impedance spectroscopy 
method was used to obtain the complex electrical 
impedance, phase angle shift and characteristic 
relaxation time of  the silica suspension. The 
charged silica particles have an electrical double 
layer on their surface, and can form an induced 
dipole moment with change of  signal phase due 
to the polarization of  electrical double layer. The 
phase shift and other dispersion properties are 
related to particle size by the electrical double layer. 
Therefore, by measuring the phase shift the particle 
characteristics can be obtained. 

In the preliminary experiments, the complex 
electrical impedance and phase angle shift have 
been investigated on the silica suspension with 
different particle sizes. The electrical impedance 
was measured using a four electrode system at the 
frequency range of  1 Hz – 10 MHz, with exciting 
voltage of  1 volt. We also used the Fast Impedance 
Camera system to get the imaging not only based 
on conductivity but also based on the phase angle 
shift. We tested three different materials: metal, 
plastic and banana. Only banana showed phase 
shift imaging, which should be due to the electrical 
double layer property of  the banana skin.  The 
fi gure below shows the impedance magnitude and 
phase imaging for the three materials. 

Sinogram Recovery Applied 
to Irregular Sampled 2D 

Radon Transform
Eugenio P. A. Constantino, 
University of  Manchester

We introduce a new data processing scheme addressing the 
problem of  limited data in hard-fi eld industrial tomography. 
The scheme is implemented by the inclusion of  a sinogram 
processing algorithm based on the Hough transform and 
the information on the sensor geometry. The algorithm 
has been verifi ed using experimental data from a Photonic 
Guided-Path Tomography system yielding a severely sparse 
sinogram from a set of  32 independent measurements 
grouped in 4 angular projections. The sinogram is then 
recovered to a degree suitable for standard hard-fi eld data 
inversion, such as the Filtered Back-Projection.

An image reconstruction algorithm that is suitable 
for irregular imaging sensor confi guration can be 
valuable to many industrial imaging applications in 
which limited access and data defi cit are problematic. 
A 2D irregular sensor confi guration generates a 2D 
rectangular sinogram that is irregularly (under-)
sampled. The physics of  the imaging process and 
measurement data do not warrant the use of  
ordinary 2D interpolation techniques to recover 
the missing samples. Therefore, a sinogram 
recovery algorithm is being developed that uses the 
Hough transform to identify sinusoidal trajectory 
signals that are connected by the samples in the 
sinogram. As a result, the missing samples along 
the sinusoidal trajectory signals of  the sinogram 
can be interpolated without interaction with the 
crossing signals. The remaining missing samples are 
then interpolated along each projection to recover 
the complete sinogram. The algorithm uses the 
Ludwig-Helgason consistency condition to ensure 
that the recovered sinogram is consistent with the 
2D Radon transform. 

The current task is to verify its applicability 
to smooth subjects. We present results from the 
application of  the algorithm to the measurement 
data from the Photonic Guided Path Tomography 
system (PGPT). The sensor head geometry was 
designed to generate four parallel projections 
each consisting of  8 optical fi bres, positioned at 
four different angles (-45°, 0°, 45°, 90°), resulting 
in a total of  only 32 path integrals. Two different 
sampling periods were used and they were 10cm 
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