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Abstract. Spatio-temporal filters are used to improve the quality of X-
ray image sequences exhibiting severe noise in real-time. The spatial and
temporal ratios have to be adapted locally in order to avoid artifacts.
We propose a method processing the positive and negative pixel values
of difference images independently in order to detect regions dominated
by motion and single pixels dominated by noise. In the context of noise-
adaptive binarization using Euler numbers, the influence of noise and
motion on Fuler curves is investigated.

1 Introduction

X-ray image sequences visualized in real-time play an important role in clinical
applications as e.g. angiography, where medical instruments are navigated or the
flow of contrast agents is observed. As patients and medical staff are exposed to
radiation over a long period during examinations, the radiation doses used are
very low resulting in low image quality possessing severe noise.

The use of digital sequences enables us to apply image processing algorithms
like multiscale analysis [1] or spatio-temporal filtering for noise reduction in real-
time. In our experience, temporal filtering, e.g. by averaging several images, has
proven to be essential for a stable image impression when viewing a sequence.
However, temporal filtering in the presence of object motion causes distractive
artifacts. Therefore, moving structures must be detected in order to reduce the
ratio of temporal filtering at these structures. The task is complicated signi-
ficantly by severe signal-dependent noise, because fluctuations at a given pixel
location over time might be mistaken for changes due to motion.

The objective of the presented work was local adaptive motion detection
using binary difference images and the usage of motion detection to control the
spatial and temporal ratios of an averaging noise reduction filter.

2 State-of-the-Art

Temporal recursive filters are common for noise reduction of X-ray image se-
quences possessing severe noise. Temporal filtering improves subjective image
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quality in regions without strong motion significantly. While the preservation of
static structures is superior to spatial filters of comparable complexity, artifacts
due to motion, e.g. motion shadows, are a challenge.

As motion generates large signal values in difference images, the method
applied so far is based on gray value differences of the current image and the
previous filtered image. For each pixel it is estimated to what extend the differ-
ence is due to noise or to motion. A signal-dependent noise estimation is used
to take into account the high degree of signal-dependency of the noise. The esti-
mated motion probability having a smooth transition between motion and noise
is used to control the spatial and temporal ratios of the filter at a given pixel [2].
Although the method has low complexity and adopts to the signal-dependency
of the noise, the estimation of the motion probability on a pixel basis not taking
into account the local neighborhood produces artifacts as e.g. fringed edges and
salt-and-pepper noise.

The method proposed in this paper works with binary images. The noise-
adaptive determination of binarization thresholds is based on the topological
term Euler number. Rosin and Ellis [3] introduced Euler corners to determine
appropriate thresholds from Euler curves, i.e. the Euler number of a binary image
as function of the threshold used in the binarization process.

3 Methods
A locally adaptive spatio-temporal recursive filter is given by

fst(xayat) = [1 - a(x,y,t)] ‘ fst($ay7t_ 1) —I—Oz(x,y,t) ° fs(xayat) (1)

with spatial filtered images f;(z, y,1), spatio-temporal filtered images fs: (2, y, 1),
and a weighting term a(z,y,t) € [0, 1] controlling the ratio of spatial and tem-
poral filtering. «(z, y,%) = 0 and «o(x, y,t) = 1 correspond to temporal or spatial
filtering only, respectively. At a given pixel, a(z,y,t) is chosen depending on
whether the pixel has been classified as motion, noise, or none of the previous.

3.1 Algorithm

The proposed method can be divided into four steps:

1. Independent binarization of the positive and negative ranges in a difference
image. This yields two binary images representing positive and negative fluc-
tuations from one image to the subsequent image.

2. Postprocessing of the binary images generating four binary images. Each of
the two binary input images is split into an image representing significant
motion and an image representing strong noise.

3. Combination of the two motion or noise images to one motion or noise image,
respectively.

4. Assignment o(z,y,1) € {@motions Anoise, Qeise } depending on the binary mo-
tion and noise masks.
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Fig. 1. Example image taken from a sequence (left), continuous difference image with
positive (blue) and negative (red) ranges (right).
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3.2 Binarization

Figure 1 shows the positive and negative ranges of a difference image. The ranges
are thresholded independently generating two binary images It and I~. Thresh-
olds are determined adaptive to the signal-dependent noise using Euler numbers
E = Nop; — Nhote, with Nyp; the number of N8 objects and Vp,;. the number of
N4 holes in the objects. To achieve local adaptive binarization, the image is seg-
mented into blocks and thresholds are determined for each block. Measurements
are taken to avoid blocking artifacts.

3.3 Postprocessing and Classification

The binary images /T and I~ contain pixels of high fluctuation, i.e. pixels rep-
resenting significant motion as well as pixels representing strong noise. Post-
processing based on morphological operations splits each binary image into an
image representing motion and noise, respectively (fig. 2). The resulting masks
are combined to a motion image Iotion = I otion ¥ Imotion a0d a noise image

Looise = I:Oise VI ise With Lyotion N Inoise = §. Finally, a(z, y,t) is mapped to
one of the constant values amotion, Onoise, and aese, depending on Inyotion (2, )

and Inoise (%, y), and the image is filtered using equation (1).

4 Results

For the evaluation of the proposed method, X-ray sequences showing a me-
chanical test object in motion and clinical examinations were available. The
parameters were optimized using theoretical considerations, artificially created
sequences containing noise, and the above mentioned X-ray image sequences.
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Fig. 2. Positive binary image I before postprocessing (left), pixels classified as signifi-
(middle) and strong noise IY ; _ (right). Note that static structures
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and objects, e.g. the instrument in the lower right, are clearly visible in the noise image.
This is not due to motion, but illustrates the signal-dependency of the noise.

It has shown that the independent processing of positive and negative dif-
ference image ranges significantly improves the detection and discrimination of
pixel fluctuations due to motion and noise. Motion is observed as connected ob-
jects in the positive or the negative binary image IT or I~. Noise generates a
mixture of positive and negative values that, contrarily to thresholding absolute
difference values and using one binary image, does not form objects of significant
size in the positive or negative binary image (fig. 2).

Euler numbers proved suitable for threshold determination and can be cal-
culated efficiently with numerical complexity O(n). Our experiments confirmed
our expected interrelation of the Euler curve and the remaining noise in a binary
image. The general form of the Euler curve is shown in figure 3. Noise basically
affects the position of the maximum and the width of the curve, but not the
maximum value. Image block size mainly affects the maximum Euler number
linearly. Therefore, the block size should be chosen to contain preferably homo-
geneous regions, i.e. regions disturbed by comparable signal-dependent noise.

Our experiments indicate that motion inside a block leads to an Euler curve
composed approximately of the superposition of the basic Euler curve and curves
shifted by the absolute of the motion vector (fig. 3). As a result, the basic curve
is broadened and disturbed by additional peaks. Therefore, Euler corners [3]
are not suited for the given task. Instead, the threshold is determined by the
Euler number F; = p- max{F(¢)} with a fixed percentage p € [0,1]. Evaluating
artificial sequences with added Poisson-distributed noise, we found the optimum
threshold at p & 0.25 without and p ~ 0.7 with postprocessing. In the latter,
about 98% of the pixels representing motion were classified correctly.

5 Discussion

The presented binarization method has proven to be suited for motion detection
in X-ray image sequences exhibiting severe signal-dependent noise. Postprocess-
ing further improves motion detection and additionally produces a binary mask
of pixels representing strong noise. In particular the independent processing of
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Fig. 3. Euler corner method (left): The threshold is determined by the point of max-
imum distance to the line through the maximum and the first drop to zero. Influence
of motion (right): Motion creates additional peaks disturbing the results of the Euler
corner method. Peak sizes depend on the ratio of motion in the image block.
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positive and negative instead of absolute difference values and combination of
the results was of significance for the achieved quality of the binary motion and
noise masks. Regarding neighborhoods instead of isolated pixels enables us to
recognize motion as structure and noise as isolated small objects in the difference
images, both removing significant artifacts of the method used so far.

An interrelation of noise-adaptive binarization and Euler numbers was es-
tablished. In sequences containing motion and severe noise, the Euler number as
function of the threshold can be used to determine a threshold suited to separate
noise from significant motion. Noise estimation is not required as adaptation to
noise levels takes place by the impact of the thresholds on the resulting images.

Subjective image quality of processed clinical sequences has improved sig-
nificantly over large image areas and sequences seem more stable compared to
motion detection on a pixel basis. Problems remain in image blocks dominated
by motion. Introducing further classes in classification might solve the problem.

The presented method uses computational efficient binary algorithms suited
for real-time applications. The improvements in noise reduction hold the po-
tential to reduce radiation doses, and therefore exposure of medical staff and
patients, while keeping the image quality constant.
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