Developing real-space filtering techniques for image
enhancement in computed tomography reconstruction
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Summary: Selective enhancement algorithms seek to identify intensity spikes (associated with Poisson
noise) and boundaries (edges, corresponding to real features of a scanned object) within projections
(for computed tomography) and preferentially enhance boundaries. Improved image quality (and
image-quality metrics) are observed for CT reconstructions from selectively enhanced projections.

1. INTRODUCTION

Cone-beam CT using 2D flat-panel detectors is finding increasing application in medical imaging, image
guidance etc. However, 2D detectors are more susceptible to noise from scattering radiation than detectors
used in more traditional fan-beam CT [1]. Feldkamp-Davis-Kress (FDK) filtered back-projection [2] is one
of the most efficient and most commonly used reconstruction algorithms [3, 4]. Part of the algorithm
involves adjusting amplitudes of different image spatial frequency components by applying a suitable filter
in Fourier space (Fourier-filter or “kernel”).

Typically, clinical CT systems deal with image noise by modifying the Fourier-filter response to adjust the
attenuation or enhancement of different frequency components in the image. This choice is a compromise
between minimising image noise and maximising contrast of tissue boundaries, as attenuating high
frequencies reduces the contrast of both noise and sharp boundaries.

2. EXPERIMENTAL METHOD

Three sets of images, from CT projections (of the Varian skull-phantom), were utilised for testing: the unaltered
projections sampled as 16-bit images; the projections, re-scaled to 14-bit and seeded with Poisson noise; the
projections, scaledto 12-bit and seeded with Poisson noise. Seeding with Poisson noise was to simulate CT
projections taken at lower X-ray intensity.

CT projections were smoothed, under a standard median filter. Median filtration was used for its utility in
smoothing random (discrete) spikes within animage [5], although, high-frequency edge features may also be
smoothed [6]. Subtraction of the median-filtered CT projection (from the original projection) yields a map of
smoothed features (inclusive of noise and high-frequency real-features).

Pixel-wise division of this high-frequency feature map by the square-root of the median-smoothed projection
yields a modified high-frequency feature map. Addition of this modified high-frequency feature map to either
the o;iginal (or median-filtered) projection preferentially enhanced boundary features within the projection (over
noise).
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OSCaR (the open-source cone-beam CT reconstruction tool for imaging research) [7] was used to reconstruct
from projections (both enhanced and not). Reconstructions from enhanced projections were compared with
reconstructions from those not enhanced.

Qualitative assessment of image quality (visual inspection) and quantitative assessment of image quality
were used to analyse results. Computation of: signal-to-noise ratio (SNR); contrast-to-noise ratio (CNR) of
the CT reconstructions; peak signal-to-noise ratio (PSNR) and contrast-improvement-ratio (CIR) provided
quantitative measures on image-quality. PSNR provided a relative measure of the total amount of noise
within a CT reconstruction, whilst CIR quantified how much the contrast (over the entire CT reconstruction)
had changed from the contrast of a reference image (provided by reconstructions from those projections not
enhanced). A CIR of zero indicates no change in contrast, a CIR of 1 indicates a contrast change of 100%.

3. RESULTS

Application of the described high-frequency feature maps in enhancement of CT projections prior to
reconstruction via FDK filtered backprojection yielded improvements in quality of CT reconstructions (see
Fig.1). Applying enhancement to previously median-smoothed was seento yield the best outcomes.
Comparing CT reconstructions and image-quality metrics, the relative benefits of selective enhancement
(prior to reconstruction) were more strongly-pronounced from projections seeded with Poisson noise. For
reference, the PSNR for reconstruction from the unaltered Varian projections (no added noise) was 62.32.

Figure 1a Reconstruction for enhanced Varian  Figure 1b Reconstruction for Varian skull-

skull-phantom, seeded with noise (12-bit). phantom (no enhancement), seeded with noise
(PSNR =61.80, CIR = 0.23) (12-bit). (PSNR = 61.13)
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