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These parameters significantly influence the in-
vestigation of the spectral range and conse-
quently the determination of the isotope ratio.
Hence, a range of investigations and simulations
were conducted utilizing the HITRAN database, 
comprising a Monte Carlo simulation to deter-
mine the Labs necessary to optimize the precision
of the δ13C value [4]. The simulation parameters
were a concentration of 1.9 ppm at a tempera-
ture of 298.15 K and a pressure of 40 mbar, with 
a noise level determined through measurements
being introduced into the simulated spectrum.
Using a fit of a Voigt profile-based physical
model to the simulated signal including spectro-
scopic parameters from the HITRAN database, 
the isotope ratio could be determined for differ-
ent Labs. Ten simulations were run per Labs to as-
sess the uncertainty, which is shown in Figure 1. 
It is observable that the uncertainty reduces and 
stabilizes starting at a Labs of 20 km. Therefore, 
the cavity was built in a V-shape with a planar 
mirror and two curved mirrors with a radius of 
curvature of 1000 mm. The reflectivity of the mir-
rors is 99.989 % and the arm lengths 905 mm. 
This results in a FSR of 82.8 MHz and a Labs of 
22.6 km. The advantage of the V-cavity is that it
ensures that only the resonant light transmitted
from the cavity is fed back to the laser and not 
the direct reflection. An interband cascade laser 
(ICL) with a central wavenumber of 2998.5 cm⁻¹ 
was selected for operation within the specified 
spectral range. The beam is propagated through
the cavity by passing a mirror, which is mounted 
on a piezo transmitter (PZT), enabling active
control over the laser-cavity-distance to maintain
the phase condition for the optical feedback [3]. 
To verify the ability of the system to detect at-
mospheric CH4 the laser was tuned over a spec-
tral range of approximately 1 cm-1 by applying a 
1 Hz-sawtooth signal. The cavity which was
housed with gas connections, pressure and tem-
perature sensors, was flooded with ambient air
under atmospheric condition. A measurement 
with a duration of 300 s was carried out for sys-
tem characterization.

Results
As demonstrated in Figure 2, the system charac-
terization results indicate a relatively stable me-
thane concentration of 1 ppm in the ambient air
over the measurement period. A deviation from
the expected value of 1.9 ppm is clearly visible. 
The reason of this deviation includes cross-sen-
sitivity to H2O in this spectral range, which com-
plicates baseline correction, and a deviation of 
the effective absorption path from the expected
22.6 km. The Allan deviation indicated an in-
creasing precision with the integration time,
which is not yet sufficient to precisely determine
the stable isotopic ratio of CH4.

Conclusion
Here we have presented an OF-CEAS system
capable of detecting CH4 at atmospheric condi-
tions in the selected spectral region, although
still with a strong cross-sensitivity to H2O. The
system must be further optimized to be able to
determine the isotopic ratio of CH4 precisely. To
enhance the accuracy of the baseline correction
by reducing the cross-sensitivity, future meas-
urements will be performed with dried air and low
pressure. The application of a pressure of ap-
proximately 40 mbar permits the clear separation
of the absorption lines of the stable isotopo-
logues. Additional optimizations include the in-
stallation of the V-cavity within a custom-built In-
var cell with active temperature control, which 
should enhance the stability of the cavity.
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Fig. 2: Measured CH4 concentration in ambient air
under atmospheric conditions for 300 s and the cor-
responding Allan Deviation.
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Summary: 
This paper presents a simplified eddy-current testing system design that minimizes hardware complexity 
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troscopic measurement contexts, demonstrating the efficiency of its implementation. 
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Introduction 
When eddy-current methods are used in non-de-
structive testing (NDT) or evaluation (NDE),
there are fundamentally two different kinds of 
measurements commonly carried out. Probably 
the more common one in NDE is the measure-
ment of the impedance of the sensor system fol-
lowed by some modeling of the obtained re-
sponse. One of the first descriptions is that of 
Dodd and Deeds [1], resulting in analytical solu-
tions for plates. An early lumped element model 
was developed by Libby [2] by treating the meas-
urement chain as a transmission line, for which 
the total impedance can be calculated. The ele-
ment parameters can be used to obtain the in-
ductance of the coil, which allows inferring the 
properties of the material under investigation [3]. 
If the transmission line model is segmented, de-
fects in the material or layered properties of a 
composite can be included explicitly [4]. The pre-
ceding models are preferred for a single-coil 
measurement setup. For sensors with separate 
transmission and receiver coils, the natural 
model is that of a transformer with losses [5]. 

Alternatively, the voltage transfer function can be 
used to achieve similar results, but with consid-
erable simpler measurement devices. For trans-
former-style eddy current sensors, a model for a 
lossy transformer including different material el-
ements has previously been described by the 
authors [6,7]. Besides the much simpler hard-
ware requirements, voltage transfer based 
measurements lend themselves especially well 
to implementation in software defined logic. In 

this article, the system architecture underlying 
the previous work is described and its applicabil-
ity to both non-destructive testing and evaluation 
are shown. 

System Design 
The fundamental principle underlying the pre-
sent design is keeping the physical hardware as 
simple as possible and carrying out most of the 
data processing in digital signal processing 
(DSP). The eddy current sensor itself is a trans-
former-type, consisting of a transmitter and re-
ceiver coil on a common cylindrical core. 

The only system components realized as elec-
tronic devices are the excitation coil driver which 
is a digital analog converter and an analog digital 
converter on the receiver coil. Both operate on 
time-domain low frequency signals using com-
mercial-grade chip sets. To achieve accurate 
temporal correlation between the transmitted 
and received signal that is required for later pro-
cessing of the material response, the transmitted 
analog signal is also fed into a secondary chan-
nel of the analog digital converter. This way, any 
time delay between generation of the digital 
transmitted signal and acquisition of the digital 
received signal can be neglected. This layout is 
illustrated in Fig. 1.

Once the digital signal has been acquired, both 
loop-back and received signal can be converted 
to in-phase and quadrature (IQ) format by apply-
ing a two all-pass filters designed to have a rela-
tive difference in phase response of 90° over a 
large frequency range [8]. In this form, further 
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processing such as filtering or spectral analysis 
is straightforward. 

Fig. 1. Architecture of the digital-analog interface. 
𝑢𝑢𝐸𝐸 and 𝑢𝑢𝑀𝑀 refer to the excitation and measured signal 
used in processing, 𝑢𝑢𝐸𝐸∗  is the original generated sig-
nal. 

One significant advantage of this design is that it 
does not require impedance measurement while 
still obtaining the full response characteristic. 
The digital nature of further processing also en-
ables rapid development cycles for new analytic 
methods not easily possible in conventional cir-
cuits. 

Application 
This design has been applied first to eddy-cur-
rent testing application in the form of an applica-
tion for educational use. Here, the low hardware 
requirements are used to enable many students 
to participate in exercises while having the capa-
bility of modifying many parameters of test 
equipment [9]. The DSP here consists of a sinus-
oidal signal generator on the sending side and 
complex division of the measured and transmit-
ted signal, offset/zero correction 𝑂𝑂, phase cor-
rection 𝜑𝜑 and amplification 𝐴𝐴 which result in a 
value in the complex plane 𝑉𝑉 that can be directly 
displayed, as shown in eq. (1): 

𝑉𝑉 = (𝑢𝑢𝑀𝑀
𝑢𝑢𝐸𝐸

 − 𝑂𝑂) ⋅ 𝑒𝑒𝑒𝑒𝑒𝑒 (−𝑖𝑖𝑖𝑖) ⋅ 𝐴𝐴 (1) 

A more complex application is found in the spec-
troscopic application previously mentioned. In 
this case, the excitation is a broadband noise 
signal. The response is therefore also an uncor-
related noise-like signal which is affected by the 
material under test. Since only the sensor itself 
is in the analog loop, its transfer function can be 
found by Fourier transform of the time domain 
signal and complex division. As the only system 
part interacting with the material, this transfer 
function must include all effects of the material’s 
electromagnetic properties (as well as those of 
the coils). The details have been described in [7], 
but most importantly this transfer function can be 
modeled as that of a lossy transformer with two 
major contributions: the direct transfer of energy 
between the sender and receiver coil with a 
phase delay depending on the material as well 
as a part relating to the eddy currents them-
selves which involves the induced currents and 
the leakage coefficient. In this case, the main ad-
vantage of the digital system is in its ability to 

identify the model parameters using the entirety 
of the available information. 

Summary 
Using DSP techniques, rapid development of 
new analysis techniques for the application of 
eddy currents in the field of non-destructive eval-
uation and material characterization is possible. 
This advantage has been used to develop a new 
modeling approach for the voltage transfer func-
tion of eddy current sensors in transformatoric 
circuit. 
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