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Abstract

Restoration of archived film and video are necessary but challenging. The main challenges faced are noise, texture, change in
image brightness and loss of original image information due to decay of film material. This paper proposes two algorithm, spatial
filtering algorithm and temporal filtering algorithm for line scratch detection. Spatial filtering algorithm uses a contrario
methodology for scratch pixel grouping and validating scratch segment, which makes the algorithm robust to noise and texture.
Temporal filtering algorithm rejects false detection due to thin vertical structures by using temporal information contained in the
image sequence. The detected scratches are then corrected by inpainting. Finally, flicker correction is done to improve the
subjective quality of the video. This concept of eliminating line scratch and flicker can be used to restore old video.
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I. INTRODUCTION

Old film restoration is a subject of great interest to researchers due to large quantities of old film material present in film archives.
The aim of old video restoration is to generate an output video which looks better than the source. Old film, including cultural
heritage masterpieces are digitally remastered and converted into higher quality formats. Unfortunately, manual restoration is
highly time consuming. Therefore, it is necessary to develop some automatic or semi-automatic tool for restoration of old film. In
earlier times, the films were recorded in digital tapes. The bad storage condition, manual handling or abrasion affects the film
material and causes defects. Some of the common defects in films are dust / dirt, blotches, flicker and line scratches. Here in this
work, we consider the defects - line scratches and flicker.

Line scratches are caused by an abrasion to the physical film and in videos they can appear in the form of thin bright or dark
lines which are roughly straight and vertical. An important characteristic of line scratch is temporal persistence [1], meaning that
they remain in the same spatial position for several frames. The characteristics of line scratches are variable, which makes the
detection and restoration a challenging task. In some case scratch is semi-transparent so that some of the original image information
is available whereas in some other case it may erase the complete information. Also, the shape of the scratch can vary from frame
to frame. Therefore the detection and restoration algorithms need to be adapted particularly to this defect.

Image flickers are the unwanted change in image brightness which do not originate from the scene. It can be caused by several
factors such as inconsistent film exposure at the image acquisition stage, ageing of the film, dust, chemical processing, copying
and in the case of old film cameras, variations in shutter time. There is a great need for removing these disturbing fluctuations in
image brightness to improve the quality of the video.

The contributions of this paper are given below. Firstly we propose a line scratch detection method which comprises of two
algorithms: a “spatial” filtering algorithm and “temporal” filtering algorithm. The spatial filtering algorithm detects line scratch in
each frame and is robust to noise and texture due to the use of a contrario methodology [10]. Temporal filtering algorithm avoids
false detection rather than validating true scratches [11]-[15]. Secondly, the detected scratches in each frame are removed using
exemplar-based inpainting. Finally, disturbing fluctuations in image intensities are removed from each frame to increase the
subjective quality of the film sequences.

Il. METHODOLOGY

In our proposed system, we have accepted a corrupted old video. Initially, the input video is divided into frames and each frame is
pre-processed to reduce noise. Spatial filtering algorithm identifies the scratches in each frame .This algorithm uses a contrario
methodology, which identifies shapes like contrasted curves, smooth curves and also detects objects of same characteristic like
colour, size, and shape. Temporal filtering algorithm rejects false detection by using motion coherence criterion. The detected
scratches are corrected by exemplar-based inpainting. Then, for flicker correction, the unwanted change in image brightness is
removed from each frame. Finally, the processed frames are combined together to generate the restored video.
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-A. Spatial Filtering Algorithm

Kokaram [2], was the first to propose a spatial model for detection of line scratches and it is based on the hypothesis that the “side
lobes” are visible on either side of a scratch. Bruni et al. [3] provides an explanation that side lobes are caused by light diffraction
during the film scanning process. The same model is used in [4], this approach is considered to be among the most efficient for
line scratch detection. In the other methods such as [5] and [6], scratches were detected in wavelet domain. These spatial algorithms
have several weaknesses. Firstly, scratches are represented as straight vertical lines. Secondly, algorithms cope badly in noisy and
textured areas. Finally, the detected line scratch covers the entire frame height.

The proposed spatial filtering algorithm relaxes some hypotheses found in previous algorithms and thus it can detect a variety
of scratches. It composed of two steps: 1) Pixel-Wise detection and 2) Scratch pixel grouping and validation using a contrario
methodology. The summary of the proposed spatial filtering algorithm is given in fig.1.

[wput Frame

Fixvel-wise detection
+  Median difference threshold

> +  Left/Right neighbourhood coherence
saussian

Filtering

Hough transform

. aceeleration
Output Detection

Seratch pixel grouping and validating
seratch segments,

+  Dnpuese P-meaningfulness

+  Maximality Principle

+ Exclusion Principle

Fig. 1: Summary of the proposed spatial filtering algorithm

1) Pixel - Wise Detection

The potential scratch pixels are identified by pixel-wise detection criteria. This criterion is a close variant of the classical test
introduced by Kokaram [2]. Contrary to this original criterion, the central pixel is not considered when determining the median
value. Initially each frame is Gaussian filtered to reduce noise. The average grey level values on either side of the scratch should
be similar in order to avoid steep intensity fronts.

The pixel-wise detection criterion can be explained by two Boolean criteria and they are given by:

C1(X:Y)i |[g(x!y) - Im(x!y)| 2 Smed,
Cz(x:)’)ivz(x:Y)_ [r(x!y)l SSavg (1)

Where Ig(x, y) be the Gaussian filtered grey level image, Im(X, y) represent the median value over a local horizontal
neighborhood of pixel (x, y), H(x, y) and Ir(x, y) be the left and right horizontal averages and smed and savg are grey-level
thresholds.

Therefore a binary image, 1B(X, y), indicating detection can be defined as:

_ (L if aq(xy) and c,(x,y)
ls(xy) = {0, otherwise )

Pixel-Wise detection criteria can be illustrated with fig. 2. In fig .2 the white pixels are the detected pixels and the black pixels
are the ignored ones. As seen in fig.2, this step can produce many false alarms due to noise and texture; therefore it is followed by
a grouping step to determine valid scratch segments.

Fig. 2: Frame after pixel-wise detection
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1) Scratch Pixel Grouping and Validation using a Contrario Methodology

In [7] and [8], Hough transform, is used to detect line segments in binary images but this approach contains threshold which need
to be tuned from sequence to sequence. Therefore in order to group pixel-wise detection, a contrario methodology [10] is used.
This methodology is used to detect visual objects in digital images. It mainly depends on the background model and the detection
thresholds are set in order to control the number of false detection.

Here in this case, the basic elements to be grouped are pixels and segments are detected as group of pixels. A segment is said to
be detected, if its gradient of orientation is perpendicular to a given direction. For a line segment made of | pixels, a variable xi is
associated to each pixel and this variable xi is equal to 1 if the pixel is aligned and 0 otherwise. A pixel can align with the segment
up to some angular precision of pr radians. A segment, s can be represented as, s=x1 +x2+....... +x1, and the value of s increases
for more meaningful line segments. The aim of a contrario methodology is to precisely set the detection threshold and these
thresholds depend on the parameters | and p.

For a general case, for example, in a Gaussian white noise image, the background model specifies that all gradient orientations
are independent and follow a uniform distribution. This hypothesis detects alignments mainly in homogenous regions, noisy
regions, isotropic texture etc. Therefore for the present case a general background model would not be satisfactory. The difficulty
is due to the fact that pixel-wise detection produces an amount of false detection. It produces more detection in strongly textured
or cluttered areas than smooth regions.

So, now the background model is considered to be a binary image in which labels are independent and label probability of each
pixel varies spatially. The probability for given pixel is estimated as the maximum detection density. Detection density is defined
as the amount of pixel, contained within a square, whose labels equal 1. Now the probability for a given segment to have at least
ko aligned pixels is given by Poisson Binomial distribution. The direct computation of this probability is difficult and therefore an
approximation is needed, which is referred to as Hoeffding’s inequality [9]. The approximation probability, P:(Si> ko) is given by:

r 1-r
P.(S; = k) < H(, ky) := e—l(rlog<T>+(1—r)log—1_<p>) 3)

Where, S;is the number of pixels having a label value of 1 along a segment of length I, > =171 p; is the average detection
probability of a segment, for ko aligned pixel r = ko / I and «p>I<ko<I.

Therefore the number of false alarm, NFA of a segment is given by:

NFA(l, ko) = NiestsH(1, ko) 4)

Where Neests is the number of segments to be tested. Neests is set to M 2NO, where 0 is the number of angles tested. H(l,ko) is the
Hoeffding's inequality. A segment is said to be detected if its NFA is smaller than € and such a segment is referred to as ‘€-
meaningful’. The condition for such a segment is given by:

NFA(Lky) < ¢ (5)

— Maximality: With previous methods, many redundant segments are detected. To keep the best detection, we use maximality
[10]. A segment is said to be maximum meaningful if it neither contains, nor is contained, by a segment which is more
meaningful. Such segments would start with detected pixel preceded by an undetected pixel and end similarly.

— Exclusion Principle: Scratches can have a width of several pixels. For restoration purpose the scratches are precisely
represented, for that exclusion principle [9] is being used. It states that a pixel may belong to one scratch only. If a pixel is
contained by several segments, then the more meaningful segment retains the pixel and all other segments which contain the
pixel have this pixel removed. The NFAs of the modified segment recalculated and those segments which are no longer €-
meaningful are rejected.

— Hough Transform: A pre-selection of scratches candidates is done to speed-up the procedure. For that a very permissive Hough
Transform is applied to binary detection image, IB(X,y) and analyse the lines which correspond to local maxima. This speed-
up procedure was previously used in [7], [8].

There are two main differences between the proposed work and the work proposed by Kokaram [2]. Firstly, a contrario step
does not require a scratch profile model. Secondly, this method looks for best sub-segment in a line. Fig.3 represent the output for
spatial filtering algorithm, the eight red lines shows the detected scratch segments.

Fig. 3: Frame after spatial filtering algorithm
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#. Temporal Filtering Algorithm

The spatial filtering algorithm detects line scratches with good spatial precision. It does not deal with the problem of false alarms
caused by the thin vertical structures that are part of the captured scene. Temporal approaches may be found from [11]- [15]. The
goal of these algorithms is to validate the detections based on the temporal nature of line scratches. The basic concept of [15],
motion of an object is completely independent from the background scene is used in this approach. So, any detection showing
motion which is coherent to the background scene corresponds to false detection and such detections would be rejected. This
criterion is referred to as motion coherence criterion. For that the original positions of the segment in the trajectory set is determined
utilizing horizontal motion of the scene. Consider two segments Q and R belonging to a trajectory set and verify the following
inequality:
1%(Q) = X(R)| = 7, (6)

Where m is @ motion threshold. This inequality corresponds to the absolute distance the scene has moved between the frames
t(Q) and t(R). If the value is greater than the threshold T, then such a trajectory set would be rejected.

As seen in fig.3, eight line scratches were detected by spatial filtering algorithm and after temporal filtering algorithm it has
been reduced to three. Thus out of eight detected scratch segments five of them corresponds to false detection and it was effectively
removed by temporal filtering algorithm. Fig.4. shows output after temporal filtering algorithm.

Fig. 4:.Frame after temporal filtering algorithm

. Scratch Removal by Inpainting

Scratch removal is done by exemplar-based inpainting. The scratches in each frame is identified as the target region, Q, which is
to be removed and filled. Its contour is denoted by 8Q and it evolves inward as algorithm progresses. It is also referred to as "fill
front". The source region, ® remains fixed and provides with samples used in filling process. Fig.5 represent the output after
inpainting. The algorithm is referred to as Region — filling algorithm and it iterates the following three steps until all pixels have
been filled.
1) Computing patch priorities of each patch
Algorithm depends on the priority value assigned to each patch on the fill front. Its computation is biased towards those patches
which are on the continuation of strong edges and which are surrounded by high — confidence pixels. The priority P(p) for a patch
W, centered at point p for some p € 6 Q is given by -
P(p) = C(p)D(p) (7
Where C(p), represent the confidence term , and D(p), represent the data term. Confidence term C(p), is a measure of reliable
information surrounding the pixel p. During initialization, the confidence term, C(p)=0, for target region, Q and C(p)=1,for the
source region ®. Data term D(p), determine the strength of isophotes hitting the fill front at each iteration. It boosts the priority of
a patch that an isophote flows into and they are defined as follows:
D )
C(p) 7]
D(p) = ool (b)
Where |l1’p| is the area of ¥, « is a normalization factor, n,, is a unit vector orthogonal to the contour 612 of the target region Q

in the point p and VI, is the isophote at point p, | represent original image. The notation diagram is given by fig.5.
11 Propagating texture and structure
A patch ¥, with highest priority is found and then fill it with data extracted from the source region ®. For that, in the source region
search for the patch which is most similar to ¥, and such an exemplar is given by¥ .

Yy =arg min d(¥5,¥,) , ¥, € @ (8)

7(a)

) Update confidence value
After the step 2, patch, ¥, has been filled with new pixel values. Now the confidence C(p) is updated in the area delimited by ¥
and is given by:

Cl@=C) Vge¥,nn 9)
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Fig. 5: (a) Notation diagram for exemplar-based inpainting (b) Scratches(target region) removed for inpainting (c) Frame after inpainting

. Correction of Intensity Flicker

Image flickering is defined as the unnatural temporal fluctuations in perceived image intensity. It does not originate from the
original scene. Therefore obtaining useful information from old video affected by flicker is a difficult task. For flicker correction,
a flicker window, w, of appropriate size is chosen. Flicker window is chosen based on the amount of flickering. A threshold value
is employed to detect flickers and avoid non-flicker region being corrected. Finally, mutual information and joint entropy are
computed for performance evaluation. Mutual information is a measure of similarity between images and where it assumes that
there is no prior functional relationship between images. Mutual information and joint entropy is inversely propotional. These
values are computed for both inpainted frame and, inpainted and flicker corrected frame, with that of the original frame.The values
are listed in Table 1. From the listed value we can infer that the flicker correction was able to remove the image brightness
fluctuation effectively. The frame after inpainting and flicker correction is given by fig.6.

Fig. 6: Frame after inpainting and flicker correction

Table - 1
Performance Evaluation
Input frame Mutual Information | Joint Entropy
Inpainted frame 6.9612 7.3221
Inpainted and flicker corrected frame 6.3818 7.9610
111. CONCLUSION

In this paper we have presented precise video restoration algorithms. Spatial filtering algorithm and temporal filtering algorithm is
used to detect line scratches. The spatial algorithm uses a contrario validation step to determine if the detected segments are visually
significant or not and temporal filtering step eliminates false detection. These algorithms provide a precise description of the
detected scratches. The removal of detected scratches and intensity flicker improve the subjective quality of the old film sequences.
Evaluations were carried out without any sequence — dependent tuning, which illustrates the robustness of the algorithms.
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