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The technique of performing interferometry with two optical frequency combs is used by an increasing number of
research groups and even for field deployed commercial applications. Real-time interferogram acquisition, correction
and averaging is however still not broadly accessible. This limits the deployment and wider adoption of this high reso-
lution, high sensitivity technique. We herein introduce and describe a freely available correction software performing
real-time processing on a graphics processing unit (GPU).

I. INTRODUCTION

Dual comb interferometry (DCI)1,2 is a technique that uses
a pair of repetitive optical fields to reproduce the basic two-
beam interference experiment. This is often achieved using
short pulse lasers and is conceptually easier to understand
with pulsed sources under the asynchronous optical sampling
interpretation3: a pulse from one of the laser sources triggers
the impulse response of the device under test, while the pulse
from the other source optically samples this impulse response.
By controlling the relative delay and phase between the two
periodic fields one can, over several pulse pairs, reconstruct
the device’s impulse response and obtain its spectrum via a
Fourier transform. For spectroscopy applications, DCI is thus
an evolution of the venerable Fourier-Transform spectroscopy
(FTS) approach where the optical delay is achieved by coher-
ent control of two sources rather than by displacing a moving
mirror. As with FTS, performing DCI properly is a matter of
controlling or knowing when and where, in path delay4, each
point of the interference pattern is acquired. In DCI, control
or knowledge of the inter pulse delay and relative phase for
each pulse pair is required.

As the technique quickly matures, an ever increasing num-
ber of groups employing DCI have reported results improving
spectroscopy databases5–11 or field measurements12–16. Over
the years, several approaches have been developed to ensure
sufficient mutual coherence between the two optical sources.
These include active stabilization, in which the repetition rates
and carrier envelope offsets of the combs sources are locked
to common references17,18. Monitoring those reference sig-
nals also allows triggering acquisition at the right phase and
timing, an approach coined as "adaptive sampling"19. Alter-
natively, one can also phase-correct and resample interfero-
gram data using software correction20. Since measured sig-
nals often have more bandwidth than feedback actuators, and
since adaptive sampling and correction methods benefit from
stable nominal operating conditions, most robust approaches
nowadays use a combination of stabilisation and correction.
Though passive mutualization of the perturbations on both
combs often helps, it is rarely sufficient to forego either lock-
ing the combs or correcting interferograms21,22.

Regardless of the chosen approach to increase the mutual

coherence time between the sources, there is a need for real-
time data acquisition and averaging of dual-comb interfero-
grams. DCI measurements often rely on first recording and
saving a data set followed by a subsequent post-processing
step. However, for long-term continuous measurements, the
data burden quickly renders this process impractical. For
instance, saving an interferogram and four referencing beat
notes with 16 bits per sample for a comb repetition rate of fr =
200 MHz generates a 2 GB per second data stream that fills
1 TB in 8 minutes. On a desktop computer, post-processing
would then take hours if not days. The availability of real-
time DCS acquisition and averaging over long durations to
enable high quality and high signal-to-noise measurements is
currently limited to a handful of groups and is a key factor
hindering the deployment of several DCS applications.

The first implementations of long term DCS interferogram
averaging relied on the performance of the locking electron-
ics and require specific locking conditions to ensure that
each interferogram has an integer number of points, and the
same phase. This enables direct co-adding with minimal
processing12,23–26. However, even with good locking electron-
ics, this approach generally enables coherent averaging only
up to few seconds. This is generally due to out of loop drifts:
the interferometric paths involved in measuring the reference
beat notes (carrier envelope offsets and/or comparisons with a
single frequency continuous wave CW laser) are distinct from
the dual comb interferometer. Interferograms are thus aver-
aged in real time for around 1 s and saved to disk, yielding a
100 to 1000-fold data throughput reduction. Longer averag-
ing durations are deferred to post-processing where each 1 s
interferogram is re-aligned to a common time grid and phase
corrected. This highlights the need for corrections in the data
processing pipeline, even with locked sources.

Algorithms that only perform alignment and average indi-
vidual interferograms without corrections have further limi-
tations. First, if the interferogram phase or repetition rate is
not constant over the 1 s average, this approach might lead
to signal fading or systematic errors. These systematic errors
can occur because the interferogram bursts at zero path differ-
ence (ZPD) are aligned by the slow correction, but the high
spectral resolution features, such as molecular free-induction
decay, that span over larger path differences are not necessar-
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ily fully aligned. Second, the imposed locking conditions over
constrain the experimental measurements such that the inter-
ferogram rate can’t be freely chosen, nor can the beat note
spectrum be easily located where technical noise is minimal.

A first complete Field Programmable Gate Array (FPGA)-
based real-time post correction algorithm was reported27 in
2012. There, four referencing beat notes between the two
combs and two single frequency reference lasers were used to
phase-correct and resample interferograms in real-time. Still,
after those “fast" corrections, operating in a bandwidth of
around 2 MHz, a cross-correlation was needed to correct for
out-of-loop noise not captured by the referencing signals and
make sure interferograms were aligned and in-phase at the
ZPD. Coherent averaging was then demonstrated for up to 24
h, without losing a single data point. The frequency combs
were almost free-running: a very slow feedback loop steered
the referencing beat note signals to their nominal frequency
every second. This algorithm was later adapted to use a single
reference laser along with the carrier offset beat notes, ported
to a higher performance FPGA, and used for mid-infrared
spectroscopy28. While FPGA-based corrections algorithms
work as intended, their development and maintenance is dif-
ficult, precluding its widespread adoption in DCI research. In
this work, we introduce a convenient graphics processing unit
(GPU) approach to real-time phase-correction.

In recent years, “self-correction" algorithms have allowed,
in certain conditions21, for the correction of DCI beat-notes
without requiring external referencing signals29–34. True real-
time implementations have, however, yet to be reported. Since
“self-correction" algorithms are limited to cases where the
sources already meet a mutual coherence criterion, it seems
that a general dual-comb acquisition and processing algorithm
should allow for making use of external referencing signals
when they are available to make larger bandwidth “fast" cor-
rections and subsequently perform self-corrections that op-
erate at the slower interferogram rate. In that respect, self-
correction can be seen as the generalization and improved im-
plementation of the phase correction and interferogram align-
ment based on the cross-correlation performed in prior real-
time implementations.

Graphics processing units (GPUs) were first introduced to
accelerate graphical display processes, primarily for computer
gaming, but have quickly been adopted for parallel computing
problems. Currently, GPUs are widely used in artificial intelli-
gence applications, notably for the training of neural networks
and large language models. These two mass markets ensure
that GPUs will be available and supported with increasing per-
formances for the foreseeable future. Developing and main-
taining GPU code is also significantly easier than FPGA pro-
gramming. Usage of real-time GPU processing is therefore
appearing for scientific applications35.

Here, we introduce and describe a flexible GPU-based soft-
ware that allows several combinations of DCI corrections to
be computed in real-time with and without external refer-
ences. Acquisition is performed using a GaGe RazorMax36

acquisition card and real-time processing is carried out on an
NVidia RTX4070 Super36 (or better) GPU. A version of the
software is freely available for non commercial purposes37.

II. SOFTWARE ARCHITECTURE

Before describing the algorithmic flow in the next section,
it is convenient to understand the software architecture (il-
lustrated in Figure 1). The central software piece is a Win-
dows console application developed in C++. It consists of two
threads. A main thread handles user interactions and com-
mands while a processing thread orchestrates real-time acqui-
sition with the GaGe card and real-time processing on the
GPU. The processing thread calls the proper Compute Uni-
fied Architecture (CUDA) kernels to perform the corrections,
as configured by the user, and averages the end result for a
specified number of interferograms before saving to file. As
CUDA is an extension to C, the entire console program is di-
rectly compiled using Microsoft Visual Studio.

The main thread runs a TCP server and all operations are
controlled using a protocol of custom defined commands.
This enables the user interface, developed in Python, to run
on the same computer or remotely. This TCP protocol also
enables any user to develop their own controlling software.

Configuring the acquisition and real-time correction is
handled by three sets of parameters, all saved in JSON
files. At runtime, the Python interface loads both the
“GaGeParams.json" and “AprioriParams.json" files. The for-
mer specifies the configuration of the GaGe card while the
latter is more directly related to the dual comb measurement.
The approximate repetition rates of the combs and their dif-
ference are specified there, as well as which signals are on
which card channel and which correction steps to perform.
Those two parameter sets are fully available and editable in
the Python interface, which can also save them once properly
configured for an experiment. A complete description of all
parameters is provided with the available code. Using a TCP
command, these two parameter sets are then sent to the C++
console application.

Only acquisition cards from GaGe are currently supported,
but all the acquisition card functionalities are encapsulated in
a single "GaGeCardInterface" object in the C++ code. Sup-
port for other acquisition cards can be later addded by coding
a similar object making the bridge between the card software
development kit and the rest of the processing application.

The interface provides a “pre-acquisition" mode that ac-
quires and saves a small length of data without any processing.
From this unprocessed data, another command instructs the
application to compute the acquisition and correction param-
eters. This is performed by a compiled Matlab script. Matlab
is not needed on the computer, but its runtime engine must be
installed38. The Matlab script saves a “computedParams.json"
file that contains all the parameters needed for the real-time
correction. This includes the actual repetition rate difference
∆ fr, the number of points per interferogram, the sign for the
phase of each referencing signal, and more. These computed
parameters are then returned to the Python interface, but edit-
ing them is not currently supported. Once pre-acquisition and
compute parameters are performed successfully, real-time ac-
quisition and processing can be started. All the json metadata
is saved with time-stamped averaged interferograms, so the
configuration for any specific acquisition is easily retrieved.
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FIG. 1. Software architecture of the real-time GPU based dual-comb acquisition and processing application.

The software package also has modes to acquire longer du-
rations of unprocessed data and the ability to run GPU pro-
cessing on this data after the fact. These modes were mostly
developed for debugging.

III. ALGORITHM FLOW

The correction algorithm block diagram is presented in fig-
ures 2 and 3, which are separated between fast corrections
operating at up to the pulse repetition rate (figure 2) and cor-
rections using the information within the interferogram itself,
and hence operating at the repetition rate difference (figure
3). These slower corrections remove out-of-loop perturbations
not captured by optical referencing signals.

While FPGA-based algorithms process data streams on a
point by point basis and usually treat each interferogram in
the stream individually, efficient parallelism is better exploited
in the GPU by processing interferograms in batches. This is
also better adapted to implement self-correction steps which
rely on the continuity between successive interferograms. The
batch size is user-specified by choosing the GaGe card stream-
ing buffer size.

The GaGe card is periodically queried to return channel in-
terleaved data in its streaming buffer. This query must be suf-
ficiently fast to keep up with the real-time data rate and avoid
overflowing the card’s internal memory. Using an improperly
sized GPU results in the computations not keeping up with the
real-time data rate, and to the eventual overflow of the GaGe
card internal buffer, which stops the acquisition.

The first GPU kernels apply band-pass filters to isolate each
of the available signals. Those filters are complex, keeping
only content at positive frequencies. They thus perform the
equivalent of a Hilbert transform39 and output complex sig-
nals from the real inputs. Channel de-interleaving also oc-

curs at this step so that the data is channel sequential rather
than having successive samples from each channel. The start
and stop frequencies of the interferogram filter, as well as the
bandwidths for the reference channel filters are user specified
in the a priori parameters, but the central frequencies of the
reference signals are computed in the pre-acquisition steps.

Since the GaGe RazorMax36 card used while developing
this code has only four channels, and since up to five signals
are needed when four references are available, multiplexing
two reference signals on a single card channel is supported.
This is shown in figure 2 where the two optical beat notes
fopt1, fopt2 are fed to the same analog to digital converter
(ADC 2), and two distinct filters are thereafter applied to sep-
arate the signals. In such a configuration, one must make sure
the two multiplexed reference signals do not fall in the same
frequency band. An a priori signal index parameter allows
specifying which signal is on which card channel.

The reference signals are then mixed, with optional con-
jugates, to compute beat notes that provide information on
the mutual stability between the two combs, subtracting con-
tributions of the reference laser that act as an intermediate
oscillator20. The conjugation steps depend upon the sign of
the reference signals (e.g. is the reference laser to the left
or the right of the nearby comb tooth) and are automatically
computed in the pre-acquisition step.

When the four reference signals consist of two carrier enve-
lope offset (CEO) beat notes and two optical beat notes with
a CW laser, the two computed beat notes before phase de-
modulation are complex exponentials at N∆ fr + ∆ fCEO and
N∆ f r respectively, with N being the harmonic number of the
comb tooth nearest to the CW reference laser. Those sig-
nals are phase demodulated. Unwrapping the demodulated
phase is an operation that can be numerically costly and del-
icate. It is thus performed only when necessary. Since the
two beat notes do not necessarily fall in the same electrical
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GPU-based real time DCI processing 4

alias, a de-aliasing step is applied to the ∆ fr phase to ensure
the two phase signals, labeled φ∆ fr and φopt correspond to
the evolution of two comb mode pairs, one at ∆ fr and one
at ∆ fopt = N∆ fr +∆ fCEO.

These two phase signals are then linearly combined so that
the phase evolution of any electrical comb tooth can be com-
puted. This allows correcting the fast phase noise for any se-
lected comb tooth in the fast phase correction step. This is
useful for instance if the CW laser providing the optical refer-
ence is not close to the spectral region of spectroscopic inter-
est, such as when using a 1560 nm reference laser while doing
methane detection at 1650 nm40. Options to account for non-
linear transformations on the science light, such as difference
frequency generation (DFG) or second harmonic generation
(SHG) can also be available in the phase projection step, to
correct phase noise in the mid-infrared28 or on frequency dou-
bled teeth41.

The fast phase correction is applied to the whole complex
interferogram, digitally bringing the selected tooth to zero fre-
quency. After this step, the phase noise common to all teeth is
removed, and the electrical comb has a fixed point at 0 Hz in
the digital domain. This means that only timing errors due to
∆ fr fluctuations remain in the interferograms.

These timing errors are removed by resampling on a uni-
form grid in φ∆ fr . Otherwise said, a tone at k∆ fr advances
in phase by exactly k 2π for each interferogram. This phase
is thus a measure of the temporal evolution of the inter-pulse
delay. Resampling on constant kφ∆ fr 2π increments thus pro-
vides interferograms having k points on a uniform delay grid.

Having the spectrum centered around 0 Hz by the phase
correction greatly helps the subsequent resampling because
the interpolation from measured to desired samples is a con-
volution kernel that has a low-pass transfer function. Properly
interpolating high-frequency content quickly increases com-
putation cost. The first alias of the dual comb beat note is con-
strained between 0 and fr/2 on the acquired interferogram.
Phase correction brings this content to base-band, so the sig-
nal is approximately between ± fr/4. This means there is no
high frequency content going to the re-sampler and thus lin-
ear interpolation is usually sufficient. It also means that the
data stream can be low-pass filtered and decimated by at least
a factor of two while performing the resampling operation.

The result of the first “fast’" part of the correction algo-
rithm is an interferogram batch that is corrected while making
the most of the available reference signals. Extra points are
preserved at both ends of each batch so that further steps can
cut exactly to interferogram edges. If only one pair of refer-
ences is available, such as for sources without CEO beat notes
and using a single reference CW laser, the resampling step is
bypassed and the phase can’t be projected to a different tooth
before correction. If no references are available, the corrected
phase are set to zero and the algorithm then relies only on the
slower subsequent self-correction steps that will work only if
a certain level of mutual stability is maintained between the
two combs21.

The fast corrected interferogram batch is then passed to the
GPU kernels performing the slow corrections using only in-
formation within the interferograms themselves (figure 3). A

first stitching block ensures that batches do not contain frac-
tional interferograms by keeping the final incomplete interfer-
ogram in memory and pushing it to the next batch. The batch
is then cross-correlated with a template computed at the pre-
acquisition step to precisely determine the position, phase, and
maximal value of each interferogram center burst. This infor-
mation is graphically available in the python interface to help
the user judge if interferograms at this point are sufficiently
coherent for the self-correction to be successful. A circular
phase display allows for monitoring if the phase spread for all
center bursts in a batch is small enough to ensure no phase
wrapping error is present.

The timing and phase information at each center burst is
then spline interpolated at each interferogram point so that a
phase correction and resampling can be applied in the same
manner as described before. By choosing a resampling grid
containing an integer number of points between each identi-
fied center burst, one is making sure that all interferograms
are computed on exactly the same delay grid and can thus be
averaged by co-adding. The amplitude information obtained
from the cross-correlation is used to decide if an interfero-
gram should be included in the average or not. Thresholds for
too small (where mostly noise would be added) or too large
(where the acquisition chain might saturate) amplitudes can
be set in a priori parameters. This is particularly useful for
open-path applications12 where the returning level can vary
over several orders of magnitude.

Averaging is finally carried over a pre-specified number of
batches before the interferogram is saved to file. In contin-
uous operation the software saves averaged interferograms at
regular intervals, ranging from seconds to minutes, in a dated
folder also containing all the parameter files and a journal file
logging key events that occurred during acquisition. Acquisi-
tion can be continuous, with no hard limit. Tests were carried
where interferograms averaged for 5 min. were continuously
saved for over 60 h.

IV. RESULTS

To demonstrate the performance of the correction algorithm
and the impact of different correction steps, unprocessed data
was acquired. The interferogram as well as four reference
signals (two CEO and two optical beat notes) were saved. A
∆ fr = 850 Hz was used. The data was subsequently post-
processed on the GPU for three different cases where it is as-
sumed that 0, 1 or 2 reference signal pairs are available.

The laser sources used in this measurement are fully stabi-
lized (CEO and fopt locked) erbium combs based on the de-
sign described in42. The residual phase on the CEO beat notes
is around 4 rad, while it is approximately 0.2 rad on the optical
beat notes. The combs are broadened using a highly nonlinear
fiber. Light is filtered from 1625 nm to 1700 nm to interrogate
the methane Q and R branches. The CW reference is in the
native comb range (1560 nm). This implies that comb teeth
have more phase noise in the spectroscopic range of interest
than close to the optical locking point.

The top row in figure 4 A) illustrates the case when no op-
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FIG. 2. Real-time acquisition and processing block diagram: Acquisition, filtering, fast corrections and decimation.
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Saved 
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FIG. 3. Real-time acquisition and processing block diagram: Interferogram continuity, cross correlation, slow corrections and averaging.

tical reference signals are available. No fast correction is thus
possible. Here, the coherence between successive interfero-
grams relies purely on the performance of the feedback loops
locking the lasers and is also affected by out-of-loop noise.
For this data set, the locking conditions did not enforce an
integer number of points per interferogram. To mimic the
performance of algorithms that average without correction, a
slow resampling is performed, making sure that all interfero-
grams are on the same grid, at the software level.

For the no optical reference case, it is seen that the interfer-
ogram alignment is sub-optimal, both around the center burst
at zero delay (left) and at further delays around 8 ps (right).
Averaging interferogams in that manner will cause the center
burst and the high delay information to fade, potentially dif-
ferently. This implies the signal will somewhat average out.
This also risks, especially if the self-correction condition is
not met, introducing bias between the low and high delay in-
formation in the interferogram and thus between the spectral
baseline and high resolution molecular absorption features for
spectroscopy applications, as seen in fig. 4 B).

The middle row in figure 4 uses only the optical references
from the beat notes with the CW laser. The fast correction step
does not have the phase information at two points and hence
can’t project the phase noise at any selected wavelength. Fast

phase correction must occur at the reference CW laser wave-
length, and there is no further information for fast resampling.
After fast phase correction and both the slow phase correc-
tion and resampling, it is seen that center bursts are almost
perfectly aligned. The slow corrections use information at the
center bursts and thus align them perfectly. The interferogram
phase and delay evolution is however modified by remaining
fast fluctuations such that information at higher delays is not
aligned properly. This is because the phase phase noise is cor-
rected at 1560 nm and this interferogram is centered around
1650 nm where fast noise remains.

This provides a convincing demonstration that checking for
center burst alignment after a self-correction is not sufficient.
Center burst alignment is the easiest step. It is much harder
to align interferograms at high delays. After a center burst
only alignment, the center bursts and the spectral baseline are
preserved, but the high resolution information is not. This
means that signal to noise ratio may appear better than the
zero reference case, but the systematic bias in absorption line
depth can be worse (baseline is not fading while molecular
information is fading).

In the bottom row of figure 4 all reference signals are used:
two optical beat notes with a CW laser and two CEO beat
notes. From φopt and φ∆ f r, the phase noise at 1645 nm is com-
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FIG. 4. A) Interferograms center bursts for different corrections cases. Top panels: No optical reference is used, only the slow resampling
of the self-correction is applied. Middle panels: 1 optical reference is used to perform the fast phase correction and the self-correction is
applied. Bottom panels: 2 optical references are used to perform the fast phase correction and the fast resampling near the spectroscopic lines
of interest. The self-correction is also applied. B) Spectral baseline and absorption lines showing biases depending upon alignment quality
at and away from the center burst. Alignment with only one reference (dashed red) works at the centerburst and thus has a spectral baseline
matching the 2 reference cases (blue), but absorption lines have less depth since alignment is not perfect away from the centerburst. For this
case, both the baseline and absorption depth are off when no references are used (dashed yellow).
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puted, adding the proper multiple of φ∆ f r to shift φopt from
1560 nm to 1645 nm. Fast phase correction and resampling
as well as the full self-correction are then performed. It is
seen that interferograms are properly aligned both at the cen-
ter burst (left) and at higher delays (right). The fast phase cor-
rection removes the fast phase noise at 1645 nm while the fast
resampling removes the fast comb breathing around that fixed
point. This effectively broadens the properly corrected spec-
tral range around the fast phase corrected wavelength. With
fast phase noise and jitter removed, the slow corrections can
take care of slow out-of-loop drifts. This demonstrates that
even for fully stabilized lasers with a relatively high ∆ fr, it is
often necessary to use all available references to ensure proper
correction of the interferogram at all delays. This is particu-
larly important when the references are far from the spectro-
scopic data of interest and when the optical bandwidth is large.

With two pairs of references, fast phase correction and re-
sampling in theory remove all the phase noise and jitter, re-
gardless of the tooth selected for fast phase correction. The
case where the 1645 nm interferogram is phase corrected at
1560 nm was also evaluated and found to be slightly less ac-
curate than when the phase is first projected near the spectro-
scopic range of interest. This is because fast phase correction
is numerically accurate up to the precision of the exponenti-
ation. On the other hand, numerical resampling has its accu-
racy linked to its computing cost: interpolation applies a low-
pass filter whose cutoff frequency increases with the order (or
number of coefficients) used. It thus seems more appropri-
ate to bring the spectral range of interest near zero electrical
frequency, such that linear resampling can be used in the real-
time implementation.

To demonstrate the code’s usefulness in laboratory spec-
troscopy, figure 5 shows a CO2 measurement acquired and
averaged with the software. A 13.33 kPa (100 Torr) and an
empty cell calibration measurements were both averaged for
90 minutes. The laser sources were two Menlo System figure-
9 C-fiber lasers36 having a 200 MHz repetition rate, with a
600 Hz difference.

Finally, the GPU real-time software was compared to
FPGA-based correction and averaging methods currently used
at the National Institute of Standards and Technology (NIST)
for open-path spectroscopy. Comparisons were made against
both the averaging without correction15 and the fast correc-
tion with phase projection28 approaches. In prior work,15,43

FPGA methods were validated against control measurements
and concentration retrieval accuracy have been shown to be
limited, at the percent level, by hardware sources of system-
atic errors, such as detector and acquisition card non-linearity.
In all tested cases, the GPU-based algorithm shows equal or
superior performance in terms of signal to noise ratio and con-
centration biases, mainly due to its better implementation of
the slow corrections that are now considering the continuity
of interferogram streams. The ability to ignore interferograms
below a user-selectable threshold also helps in open-path mea-
surements when the signal might have significant turbulence
induced variability.

Figure 6 for instance shows the temporal evolution over
30 min of the estimated CO2 and H2O mole fractions in a

measurement over a 1948-m round-trip open path to a retro-
reflector. The lasers were as described in42 and operated at
a ∆ fr = 416 Hz. The optical spectrum was filtered from
1570 nm to around 1750 nm, with light sent to a single Thor-
labs PDA10CF detector36, whose signal is amplified (SRS
Sr445a36) and split between the FPGA ADCs (90 %) and the
GaGe acquisition card (10 %). Spectral fits were performed
in the 1597 nm to 1618 nm region. Agreement between the
fitted concentrations is better than 1 %. Discrepancies can be
attributed to several potential reasons: the FPGA was averag-
ing over 1 min and the GPU for 2 min, the different acqui-
sition cards have different integral non-linearity44, and also
from detector non-linearity45 coupled to the fact that the GPU
algorithm can drop out interferograms that are too small or too
strong.

V. CONCLUSION

A real-time GPU-based DCI algorithm and software is re-
ported. It is shown to properly align interferograms both at
zero path difference and at higher optical path delays. This
is the first time a real-time DCI acquisition software imple-
ments both fast corrections using available optical references,
as well as the slower "self-corrections" making use of the
continuity between successive interferograms. It is also the
first implementation where all correction parameters are auto-
matically computed, greatly simplifying operation by the end
user. High quality laboratory spectroscopic measurements are
demonstrated, as well as a comparison with current FPGA
based real-time methods, with sub percent agreement.

Real-time processing was performed on several different
systems using lasers from Menlo Systems, Menhir, IPG,
Vescent36, as well as home-made sources42, with spec-
troscopy measurements from the mid-infrared to the visible.
Pulse repetition rates and sampling frequencies ranged from
80 MHz to 1 GHz with repetition rate differences from 20
Hz to 100 kHz. Corrections with 0, 1 or 2 fast reference sig-
nals were carried, sometimes on the same data set, to ensure
all cases are functional. As expected, when the repetition rate
difference increases slow corrections capture more of the ther-
mal drifts and acoustic noise such that fast corrections become
less critical and are usually no longer needed beyond a 10 kHz
difference.

The software is made freely available for non commercial
uses.
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FIG. 5. Dual-comb spectroscopy of a CO2 gas cell using real-time GPU-based correction and averaging.
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FIG. 6. Comparison of retrieved CO2 and H2O concentrations in an open-path (1948-m round-trip) dual comb spectroscopy measurement.
The electrical signal after detection is split between the FPGA-based acquisition and correction software described in28 and the GPU-based
approach described here.
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