
Fourier Transform Spectroscopy Topical Meeting of the Optical Society of America, 2005

References
1.  Bell, R. J., Introductory Fourier Transform Spectroscopy (Academic Press, New York, 1972)
2. Sheahen, T. P. and McCanney, T. O., J. Opt. Soc. Am. Vol 65, No. 7, pp. 825-828, July 1975
3. Schroder, B. and Geick, R., Infrared Phys. Vol. 18, pp. 595-605, 1978
4. Mertz, L.,  Infrared Phys. Vol. 7, pp. 17-23, 1967
5. Forman, M.L., Steel, W.H. and Vanasee, G.A., J.Opt. Soc. Am., 56, 59 (1966) 
6. Griffiths, P. R. and Haseth, J. A.,Fourier Transform Infrared Spectrometry (John Wiley and Sons, New 
York, 1986)

7. Chase, D. B., Applied Spectroscopy, Vol. 36, 3, pp. 240-244, May 1982
8. Sanderson, R. B.,  and Bell, E. E., Applied Optics, Vol. 12, No. 2, pp. 266-270, Feb. 1973
9. Brault, J. W., Mikrochim. Acta [Wein], III, pp. 215-227, 1987
10. Davis, S. P., Abrams, M. C., and Brault, J. W., Fourier Transform Spectrometry (Academic Press, New 
York, 2001)

11. Tahic, M. K., and Naylor, D. A., Apodization Functions for Fourier Transform Spectroscopy, Optical 
Society of America, FTS topical meeting, Alexandria, Virginia, February 2005.

12. Interactive Data Language, (Research Systems Inc., Colorado, 2004), 
13. Spencer, L. D. et al, Astronomical Telescopes and Instrumentation, Proc. SPIE, 5487, June 2004. 
14. Gom, B. G., and Naylor, D. A, Astronomical Telescopes and Instrumentation, Proc. SPIE, 5498, June 
2004.

http://www.rsinc.com

Acknowledgments
The authors acknowledge support from CIPI, CSA, NSERC, and the U of L. 

Conclusions
12We have developed a toolkit in IDL  to address the impact of various parameters in the phase correction 

process. The primary variable of investigation is the required double-sided interferogram width. The toolkit 
also allows one to study the effects of apodization, as applied to both the interferogram and the PCF, on the 
retrieval of spectral line parameters. This toolkit may be customized for application specific FTS design or 
data processing pipeline development, and is proving to be useful as a tool to study the optimum 
parameters for phase correction in two imaging FTS projects in which our group is involved 

13 14(Herschel/SPIRE  and SCUBA-2 ).
   To a large measure the nature of the spectrum under investigation determines the optimum phase 
correction parameters. The required number of in-band spectral phase measurements dictates the 
minimum double-sided interferogram length. The requisite PCF length may be even less, as typically, in a 
well designed interferometer, the nonlinear phase terms are kept to a minimum and most of the energy 
redistribution is contained near the central region of the PCF.  With an FTS translation stage of finite length, 
the essential trade off lies between the allocation of OPD between phase correction (i.e. double-sided 
interferogram) and high resolution (i.e. single-sided interferogram). 

Results
Figures 4-8 show some of the multivariate spectral error surfaces generated by the optimization tool.  Errors 
in FWHM, amplitude, and area are shown in figure 4, while the remaining figures show error in line centre 
position due to a variety of input and processing parameters.

Convolution vs. Resolution
Forman phase correction involves a trade off between using the limited OPD to determine phase or 
resolution.  The PCF convolution also reduces resolution as data points are removed from the 
interferogram edges.   It is possible to use fewer points in the convolution to correct the phase than are used 
to generate the PCF (Eq. 3).  Small phase errors, although still in need of correction, do not involve a 
significant rearrangement of energy in the interferogram, and typically do not require a long PCF. 

Phase Correction Parameter Space

In addition to the variation on the input 
parameters discussed above, there are several 
processing parameters that are varied in this 
work.

It is common practice in the phase correction 
process to apodize the double-sided 
interferogram before determining the phase, 
and to apodize the PCF prior to convolution.  
Moreover, in order to retain higher spectral 
resolution, the length of the PCF can be 
truncated, without deleterious effect, if the wings 
of the PCF have minimal modulation.  

To investigate the effect on the retrieved 
spectral line parameters (line centre, height, 
FWHM and area) of varying the double-sided 
interferogram and PCF lengths, and apodization 

11types , a multivariate surface error minimization 
12analysis tool in IDL  was developed.  The GUI 

shown in Fig. 3 illustrates the capabilities of this 
tool.

The Forman Method
In this method, the short double-sided portion of the interferogram is used to calculate the phase spectrum 
at low resolution.  It is common practice to generate a low order polynomial fit to the derived phase (Eq. 2) 
weighted by the intensity of the corresponding spectrum.  The resulting phase spectrum is then used to 
generate a phase correction function (PCF) given by:

                        (3)

. Convolution of the PCF with the original interferogram results in a symmetric interferogram.The steps in 
the Forman phase correction method are summarized in figure 1.  Brault has suggested that the double-

9,10sided interferogram be as long as possible , but this comes at the cost of high spectral resolution. It is well 
recognized that the required double-sided length is driven largely by the nature of the spectrum under 
investigation.  For example, a spectrum with a bandwidth of 10% of the Nyquist frequency requires an 
interferogram of at least 40 points double-sided to guarantee at least 2 in-band phase measurements, 
sufficient to perform a linear phase correction; a quadratic phase correction requires 3 phase 
measurements within the band, in turn requiring a double-sided interferogram of at least 60 points. In this 
study we have used a variety of input spectra, consisting of linear combinations of Gaussian emission and 
absorption lines of different widths.  Linear and quadratic phase error has been introduced. To bring realism 
to the spectra, white noise, ranging from 0%-10% RMS, has been included.  The input spectra are 
summarized in Figure 2.  

( )ò
¥

¥-

-= sp ssf deeP C F xii 2

Phase Correction
An ideal interferogram will contain identical information on both sides of the zero path difference (ZPD) 
position. Theoretically, therefore, the spectrum can be uniquely recovered with an interferogram starting at 
ZPD.  However, in practice, it is necessary to measure at least a small amount in the negative OPD region in 
order to characterize the phase. This phase information can then be used to correct the asymmetry in the 
high resolution single-sided interferogram. For a translation stage of fixed length, this leads to a trade-off 
between the length of the double-sided interferogram used to determine the phase information, and the 
single-sided interferogram used to achieve higher spectral resolution.  There are two common methods of 

4 5 phase correction, the Mertz  method and the Forman method. In this work we have used the Forman 
6-8method.

Introduction
In Fourier transform spectroscopy phase correction of interferograms is essential in order to extract 
accurate spectral information.  We discuss common sources of phase errors and the optimization of phase 
correction parameters required for their rectification.  

Phase correction allows operation of an FTS in the single-sided mode to maximize the attainable 
resolution for a given length of translation stage.  In practice, single-sided interferograms are asymmetric 
and contain phase information only at low resolution. If left uncorrected, upon Fourier transformation, the 
resulting phase errors will introduce artefacts into the final spectrum.  An asymmetric interferogram, I(x), 
can be expressed in terms of the complex Fourier transform given by equation 1:

                   (1)

1where B(s) is the spectrum, x is optical path difference (OPD), and f is the phase that must be corrected.   In 
practice the phase can be considered to have several components, given by equation 2:

                   (2)

 where f  is a constant phase term (e.g. electronics), f a linear phase term (e.g. sampling error), f (s) a DC ZPD NL
2,3non-linear phase term (e.g. dispersive optics), and f (s) a random phase term.  R
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Line Centre Error
The relationship between the line centre position error, ds, and the spectral signal-to-noise ratio, (S/N) 

9can be expressed as  :

                                 (4)

where W is the width of the line and N  is the number ofW

resolved data points in the line.

( )NSN

W

W /
µds

Table 1: Comparison of error in line centre position with 
9  that expected from empirical formula. The values shown 

are from figure 8, PCF and double-sided interferogram 
width of 54 points.  
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Figure 1: The Forman phase correction method involves a narrow double-sided interferogram (A), used to 
obtain low resolution amplitude (B) and phase (C) spectra. The phase correction function (D) is generated 
from the phase (Eq. 3) and convolved with the raw interferogram (A) to generate the phase corrected 
interferogram (E). The corrected low resolution amplitude and phase spectra are shown in (F) and (G), 
respectively.  The final high resolution spectrum (H) shows a broad Gaussian continuum with an unresolved 
absorption line.  In all spectral plots, black and red show the real and imaginary components, respectively.
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Figure 2: Input spectra. (A) Broad (blue) and narrow (purple) band input spectra.  (B) Absorption line widths. 
The narrow band spectrum only has one absorption line at the peak of the continuum while the broad-band 
spectrum has five absorption lines evenly spaced. (C) Introduced spectral noise:  0%, 1%,2%, ..., 10% 
RMS. (D) Sampling used to generate linear phase errors. (F) Phase introduced into the spectrum.
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Figure 3: GUI used in multivariate error minimization 
surface routine. There are roughly 250 billion 
combinations of input and processing variations.

Figure 5: Error in line centre position resulting from a variety 
of apodization schemes applied to the double-sided 
interferogram and PCF.  The input spectrum corresponds to 
that used in figure 4. Stronger apodization of the double-
sided interferogram is expected to enable better 
determination of the phase.  The PCF apodization is to 
ensure zero amplitude at the edges of the PCF to avoid 
introducing discontinuities into the interferogram.

Figure 4: Error in amplitude (red), area (blue), and 
FWHM (green) resulting from a variety of apodization 
schemes applied to the double-sided interferogram 
and PCF.  The input spectrum used is wide-band with 
unresolved absorption lines, linear phase error, and 
256 points in the double-sided interferogram and 
PCF. The apodization is expressed in terms of amount 

11of induced line broadening . As expected, the height 
and width vary reciprocally while the line area is in 
large measure independent of apodization scheme. 

Figure 7: The same as in figure 6 with narrow-band input spectra.

Figure 8: Error in Line Centre Position with 
varying RMS noise levels and double-sided 
interferogram width. The input spectrum 
used is wide-band with unresolved 
absorption lines and linear phase error.

Figure 6: Error in line centre position as a function of changing double-sided interferogram and PCF widths 
for the wide-band, 10point resolved, spectral input. The  x and y axis units are data points and the error 
values on the z axis are in units of resolution elements, Ds. Noise contributions are 0%, 1%, and 10% (left to 
right). 
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