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Terahertz Local Tomography
Xiaoxia Yin, Brian W.-H. Ng, Bradley Ferguson, and Derek Abbott

Abstract—We use the theory of two dimensional
discrete wavelet transforms to derive inversion formulas
for the Radon transform of terahertz datasets. These
inversion formulas with good localised properties are
implemented for the reconstruction of terahertz imag-
ing in the area of interest, with a significant reduction
in the required measurements. As a form of optical
coherent tomography, terahertz CT complements the
current imaging techniques and offers a promising ap-
proach for achieving non-invasive inspection of solid
materials, with potentially numerous applications in
industrial manufacturing and biomedical engineering
[7], [2], [6].

Index Terms—Terahertz, T-rays, wavelet, computed
tomography (CT), filtered back projection (FBP)

I. Introduction

This paper for CT reconstruction is motivated by ter-
ahertz time domain spectroscopy (TDS) imaging mecha-
nisms and focuses on terahertz CT imaging with reduced
projection angles. The main goal of this paper is to present
a wavelet based reconstruction algorithm for terahertz
computed tomography and to show how this algorithm
can be used to rapidly reconstruct the region of interest
(ROI) with a reduction in the measurements of terahertz
responses, compared with a standard reconstruction. The
current algorithm provides new insight into the relation-
ship between local reconstruction, local projection, and the
resolution of terahertz coherent tomography. This algo-
rithm is sensitive to terahertz data when reconstructing
local projections using wavelet techniques, resulting in
variations in the boundary of the local projection region
after the wavelet transform, which gives rise to different
resolution and reconstructed image sizes.

II. Implementation

A. Practical Consideration
In local reconstruction [3], [5], artifacts are common

close to the boundary of the ROE, after applying a filter
on truncated data. The situation is more serious especially
for imaging local terahertz CT measurement. In order
to validate local reconstruction of terahertz measurement
using our algorithm, the target sample of a polystyrene
cylinder with holes drilled is investigated. The terahertz
measurement of the current sample consists of 101 projec-
tions at each of 25 projection angles cover 180◦ projection
area. The resultant reconstruction has the image size of
100× 100 pixels with the pixel interval at 0.5 mm.
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The current wavelet [4], [1] based reconstruction algo-
rithm is to assume that support of the image is a disc
of radius R, and the radius of the ROI is ri. The radius
re = ri + ra is exposed, where ra is the extra margin with
related to the radius of ROA, produced due to applying
wavelet filters on projection data at a low resolution. The
region of exposure (ROE) is calculated via setting the
outside of ROE to zero. A wavelet ramp filtered back
projection formula is applied to the remaining projections,
for wavelet based reconstruction.

The algorithm is summarized as follows.

1) The original projects are calculated based on the
measured desired parameters of terahertz imaging.

2) The region of exposure is truncated for the recon-
struction of an image in the region of interest.

3) the region of exposure of each projection is filtered by
modified scaling and wavelet filters at all projection
angles. This step is to recover an image related to
approximate and detailed reconstructed coefficients.

4) The projections at the step 4 are linearly extrap-
olated to delete artifiacts along the borders of the
ROE in the projections.

5) Filtered projections are obtained in step 3 and step
4 are back projected to every other point, using
wavelet ramp filter, to obtain the approximate and
detail coefficients at resolution 2−1. The remaining
points are set to zero.

6) The image is reconstructed from the wavelet and
scaling coefficients by normal inverse 2D wavelet
transforms.

1) Exploration of the Processing of Terahertz Signogram:
The difficulty for the local reconstruction using terahertz
techniques is that there exists sharp variation along the
borders of the ROE after applying wavelet ramp filters,
on each of the 1D projections, which result in invisible
reconstructed images at the ROI. To overcome this prob-
lem, To overcome this problem, an extrapolation of the
projections is performed. The ROA is a range of radius
ra for convenience. Let us assume that the ROE is the
subset of projections on which sθ is given and it is a circle
of radius re whose center is located at polar coordinates
(r, θ0). It holds that

(ROE −ROA) : {p : p ∈ [r cos(θ − θ0)− (re − ra),
r cos(θ − θ0) + (re − ra)]}. (1)

The constant extrapolation satisfies



2

(sθ)local(p) =





sθ(p)
if p ∈ (ROE-ROA),
sθ(r cos(θ − θ0) + (re − ra))
if p ∈ [r cos(θ − θ0) + (re − ra)],
sθ(r cos(θ − θ0)− (re − ra))
if p ∈ [r cos(θ − θ0)− (re − ra)].

(2)

The extrapolation algorithm fits both reconstruction of
both centered areas and off-centered areas. A reconstruc-
tion of the centered area using our algorithm is illustrated
for this paper.

B. Local Reconstruction at Centered Area

A centered disk radius of 16 pixels of the polystyrene
phantom is recovered from the extrapolated scaling and
wavelet coefficients using local reconstruction method pro-
posed in this paper, with 46% of full projection data. The
wavelet based reconstructed image with size of 196× 196
pixels is shown in Fig. 1(b) after extrapolation. Extrapo-
lated wavelet and scaling coefficients after back projection
are shown in Fig. 1(c), each of which is evaluated on a
100× 100 image. For comparison, Fig. 1(a) illustrates the
global reconstruction of a 196 × 196 pixel image, using
traditional FBP algorithm. It is visually comparable that
our algorithm allows as satisfactory local reconstruction
as traditional FBP algorithm and approximate reconstruc-
tion from scaling function shows good local features for the
reconstruction in the region of interest.

III. Conclusion

We have developed an algorithm to reconstruct the
wavelet and scaling coefficients of a function from its
Radon transform of terahertz measurement. Based on the
observation that for some wavelet bases with sufficiently
many zero moments, the scaling and wavelet functions
have essentially the same support after ramp filtering. The
local reconstruction scheme is effective to recover a cross
section of a target object at a local region with essentially
local data of terahertz measurement. Scaling function
shows well localised features compared to the traditional
FBP for local reconstruction. Wavelet reconstruction of an
image from scaling and wavelet filters enable a satisfactory
image.
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Fig. 1. (a)A global reconstruction using a traditional FBP algo-
rithm. (b)A wavelet based reconstruction. (b)Reconstruction images
from local scaling and wavelet coefficients after back projection.
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