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Abstract— An adaptive windowing short-time Fourier
transform algorithm is proposed where the width of short-time

window is adaptively adjusted based on the frequencies of interest.

The algorithm is then applied to lactose measurements acquired
using THz-TDS and compared against the standard fixed window
STFT spectrogram where improved contrast can be observed.

I. INTRODUCTION

HORT-Time Fourier Transform (STFT) have been
proposed as a means to obtain depth resolved frequency
information. For example, STFT was employed in [1] to

identify spectroscopic information of coated pharmaceutical
tablets. Standard STFT was introduced in [2] to perform
experiments on the analysis of terahertz-pulsed imaging data.
STFT based on a shifting fixed-width window was used in [3]
to efficiently denoise THz-TDS measurements, and several
different windows with fixed size were cited to construct
parameter extraction algorithms which were utilized to process
the lactose transmission THz-TDS data for accurate parameters
estimation.

One of the limitations to date is the fixed window size used
in STFT, which results in a reduction of spectral resolution
according to the Heisenberg-Gabor inequality. To overcome
this restriction, we propose an adaptive windowing STFT
algorithm where the window size is adaptively adjusted based
on the frequencies of interest. The improved time-frequency
analysis in turn allows an efficient computation of the
time-domain data and can reveal the spectral information
otherwise not evident when processed with a fixed window
STFT.

A standard STFT for processing signal x(t) can be defined
as:

STFT(t, f) =jfmx(r)g(t—T)exp(—jzzzfr)dr
here g is a Gaussian window and given as:

g(t) = }/@0 exp(‘%az)

where & is the variance.
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Fig.1 Comparison of the spectrograms for lactose sample
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when processed using the proposed algorithm and standard
fixed window STFT

Il. RESULTS

In the proposed algorithm, the Gaussian window size is
adaptively optimised based on the smallest frequency
component of interest, which can be obtained by performing a
FFT of the entire waveform. Where there is no frequency found
in the window, the window size will double to include more
samples. The depth-frequency signature of lactose sample
processed using the proposed adaptive windowing STFT is
shown in Fig. 1, for comparison against the same measurement
but processed using standard fixed window size STFT, where
frequencies such as 0.53 THz becomes notably more evident.
Even though in principle a fixed window STFT could be used
with different window sizes to achieve similar results, the
proposed algorithm is advantageous in that it offers an
integrated approach thus increasing computational efficiency
for effective signature identification.
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