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ABSTRACT 

 

 Old films are constructed and saved on different base platforms such as tapes or old 

magnetic disks. To convert these vintage films in digitized form is a hectic task. Video 

inpainting is an emerging branch of multimedia science which deals with the conversion and 

repairing of vintage films. It is an important video enhancement technique used to facilitate 

the repair or editing of digital videos. To preserve the cultural artifacts such as vintage 

videos/films into digital formats, this inpainting is used widely in computer science. As the 

quality of vintage videos is usually very poor and these videos often contain unstable 

luminance, intensities and damaged contents. In this method a video inpainting algorithm for 

repairing damaged content in digitized vintage films. This algorithm also maintains good 

spatiotemporal continuity between the successive frames of video. This algorithm uses mainly 

two techniques i.e. Motion Completion and Frame completion. Motion completion recovers 

missing motion information in damaged areas. This maintains good temporal continuity. 

Frame completion repairs damaged frames to produce a visually pleasing video by using 

inter-frame correlation with good spatial continuity and smooth luminance. Stabilized 

luminance gives pleasant visual effect to video. 

  

Key words: Video inpainting, Motion Completion, Frame completion, motion estimation, 

patch searching, Motion Estimation. 

 

 

INTRODUCTION 

 

In recent years, transforming cultural and historical artifacts such as photographs and 

vintage films/videos into digital format has become an important trend. These films or videos 

are very old in their age. Because of their age, the visual quality of such images and videos 

after digitization is usually very poor. These contents may contain unstable luminance and 

damaged content. Various video processing techniques can be used to increase the quality of 

these multimedia objects. Video enhancement techniques widely used to restore the visual 

content of vintage films include video denoising, video stabilization, and video inpainting. 

Video inpainting, one of the most challenging techniques, helps users remove undesirable 

objects. By using this technique damaged areas are also repaired where content is missing or 

damaged [1]. 

Visual inpainting is still in its early stage of development. It captures a great deal of 

attention based on its potential benefit. Inpainting can be used to automate the tedious task of 

repairing damaged archival footage. It also finds applications in error concealment, 

multimedia editing and new applications such as video modification for privacy protection. 

Unlike image inpainting, video inpainting has just recently started receiving more attention. It 
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presents an entirely different set of challenges due to the temporally continuous nature of the 

data.  The space time video completion extends the exemplar-based approach to video by 

posing the video inpainting as a global optimization problem. This work advocates exhaustive 

search of appropriate texture patches in the entire spatio-temporal domain and is thus 

computationally intensive. In this scheme, firstly foreground objects are separated from 

background, and then fill the background image using image inpainting algorithm. All of the 

existing video inpainting algorithms take an inordinate amount of computation time, making it 

impractical for interactive applications. a simple background replacement and occasional 

image inpainting for static background inpainting can be a better option for video inpainting. 

In image inpainting mechanisms, initially small regions of an image should be repaired. 

Different methods can be used like interpolation or smoothing. Subsequently, more powerful 

methods were developed to perform image inpainting on large continuous areas. 

Restoration of digitized vintage films is an important application area, researchers have 

also developed video enhancement techniques especially for vintage films. Current inpainting 

methods can be divided into two approaches. The first approach inpaints the damaged areas of 

an image using only data from the same frame. The second approach searches both the current 

and neighboring frames to find reference data for use in inpainting. To maintain temporal 

continuity, both approaches use simple motion estimation process to compute motion 

information, then propagate the inpainted information along the motion to neighboring 

frames. However, when dealing with severely damaged frames, both approaches usually yield 

poor inpainting results [4]. In such cases, the undamaged areas in the current frame or 

neighboring frames are comparatively small, so the inpainting process has difficulty finding 

undamaged reference information due to the lack of accurate motion information. As a result, 

the inpainting process must use the same reference block repeatedly to inpaint missing areas 

and propagate the information to other frames. If the motion information is inaccurate, the 

inpainting process may also have to adjust the target block to maintain spatial continuity. 

In this video inpainting algorithm addresses challenges and produce visually pleasing 

results. When inpainting severely damaged videos, the gaps are filled in the temporal 

information to help the inpainting process obtain more reference data from the whole video 

sequence. This algorithm considers spatial and temporal domains while inpainting the input 

video. Holes in a video frame are filled using different portions of the same video. The 

selected data frame may belongs to same frame or can be borrowed from different frame of 

the same video. Vintage films are not in stabilized luminance fashion. Due to this the 

inpainting process affects by great extent [3]. To reduce error in inpainting process due to 

distorted intensity of input video, intensity of input stream is arranged so that the difference 

between the average intensity of successive frames should be minimum. 

 

SYSTEM ARCHETECTURE 

 

In the vintage films, the variation in the intensity of frames is more in many cases. Due to 

this unnecessary interruption in intensity, it is found that when using existing video inpainting 

techniques to repair old films or remove undesirable objects, the unstable luminance and poor 

quality of the original film frequently cause visible defects in the resulting video. This video 

inpainting algorithm can address those challenges and produce visually pleasing results. 

When inpainting severely damaged videos, the process begin by filling gaps in the temporal 
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information to help the inpainting process obtain more reference data from the whole video 

sequence. Two main steps of this algorithm are as follows 

 motion completion,  

 frame completion 

 

 

Figure 1. System Framework[1].  

Motion completion tries to replace missing motion information to help the inpainting 

process obtain reliable reference data and frame completion, maintains the spatial continuity 

of the referenced content before it is pasted onto the corresponding missing area. Frame 

completion is especially important when the luminance in old films is unstable. Without 

accurate motion information, the inpainting process can only use information derived from the 

current and/or neighboring frames to repair missing areas. Motion completion also 

significantly improves the temporal continuity of the final result. 

 

INTENCITY NORMALISATION 

 

There are number of algorithms that specifically address the image filling issue for the task 

of image restoration, where speckles, scratches, and overlaid text are removed. These image 

inpainting techniques fill holes in images by propagating linear structures. These structures can 

also be known as isophotes block or patch. They are inspired by the partial differential equations 

of physical heat flow, and work as restoration algorithms [5]. Their limitation is that the 

diffusion process introduces some blur, which becomes noticeable when filling larger regions. In 

inpainting technique motion map is dedicated to the luminance and continuity of video frame.  

 

Input video should have smoothness in intensity but unfortunately due to their old age, 

vintage films are generally not smooth when luminance is concern. Similarity comparison or 

template matching is the most commonly used search procedure in block-based motion 

estimation algorithms. As block based procedure is very sensitive to changes in luminance, and 

need to normalize the average intensity of every frame before performing motion estimation. The 
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normalization procedure first computes the difference between the average intensity, Idiff of two 

consecutive frames, Ft and Ft+1  by, 

                      
Where p - undamaged pixels in frame Ft, p’ - undamaged pixels in frame Ft+1, I(p) - the 

intensity of pixel, | Ft | - total number of pixels in frame Ft, | Ft+1 | - total number of pixels in 

frame Ft+1. 

 

MOTION MAP CONSTRUCTION 

Motion map construction is a preprocessing procedure. Algorithm begins with manually 

labeling damaged areas in vintage films to divide each succeeding video frame into a damaged 

layer and a background layer.  After stabilizing the intensity of every frame, the motion flow for 

the remaining background layer is estimated. There are two basic steps in this approach, that are 

Global motion estimation (GME) and local motion estimation (LME) process. The global motion 

between two adjacent frames is calculated by Global motion estimation (GME) process. The 

result is then used by the local motion estimation (LME) process to reduce the computational 

complexity and mismatch rate. 

1) Global Motion Estimation:  

There are basically two types of GME methods are available. Feature-based methods and 

Gradient-based methods. In gradient based motion estimation techniques, gradient values are 

determined by applying appropriate spatial filter. Gradient based methodology estimates the 

motion parameters P by minimizing the intensity values between input images. After 

calculating the gradient values, abrupt changes in the gradient are observed and according to 

that the motion of image is determined. To increase the efficiency, this method can be used 

iteratively. By using all the grad values a motion map is generated. In feature based 

technique, features of current patch are estimated and according to that patch properties the 

motion of the frame is determined. Feature-based GME techniques are generally more 

efficient in nature [7]. 

2) Local Motion Estimation:  

In correlation-based motion estimation algorithm with a correction mechanism 

that computes block motion vectors and removes undesirable motion simultaneously. The 

larger block (16*16) is used to compute a motion vector and then refine the result to a 

smaller-sized block (8*8). The steps of the local motion estimation algorithm are as 

follows. 

1)  Use the modified CDHS algorithm proposed with the initial motion computed in global 

motion estimation step to compute the block motion vectors for frame Ft. The distance 

between a source block Bi and a target block Bi in the HSI color space is calculated by       
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Dis(Bi,Bj) = HSISSD(I,j) , where the distance in each HSI color component is calculated 

individually by the sum of squared difference (SSD). 

2) Copy all blocks from Ft to generate a pseudo frame Ft+1 based on the motion vectors 

calculated in step 1. Frame is used to identify poorly estimated blocks by comparing its 

contents with those of frame Ft+1. 

3) Compare the differences betweenFt+1 and F’T+1 . The differences can be viewed as a map 

of poorly estimated blocks. 

4) For each poorly estimated block indicated in step 3, re-estimate the motion vectors by the 

CDHS algorithm with the initial motion obtained from surrounding valid motion vectors. 

If all surrounding blocks are poorly estimated, one can randomly choose a direction that 

has a smaller estimation error to proceed. 

5) Construct a motion map based on the final motion vectors calculated for each block. 

PRIORITY COMPUTATION 

In this stage missing motions are completed using existing information. This motion 

completion is performed to recover the motion information for missing areas. In this mechanism 

motion vectors are propagated which are constructed in motion map construction step. In this 

video inpainting algorithm, the basic unit is a patch. Patch is nothing but the block of data. In this 

Motion completion two stages are involved. In that first one is priority computation. This process 

determines the completion order for each missing block. Priority of each patch is calculated. The 

orders of inpainting pixels are calculated by the priority function [2]. The priority computation 

procedure is introduced with modified data term into a video inpainting procedure to repair 

missing portions of aged films. Although the results are acceptable, there are still some visual 

defects generated by high patch reusing rate during the inpainting process. 

To use the priority computation concept into our video inpainting process properly, 

conversion of the original 2-D spatial domain to a 3-D video space is created. 2D spatial domain 

consists of X and Y axis which represents width and height while 3D video space consists of 

these two axes plus one extra temporal axis which varies with respect to time. This ensures that 

the patch with the least damage along the spatial and temporal dimensions is inpainted first. 

Weighting factor is also included in computation to ensure that the inpainting process will 

propagate unused information to missing areas, rather than reuse information already used for 

other patches [9]. Data term id introduced in the calculation to reduce computational complexity 

of operation. 

Let I - a video frame, Ω  - missing portion, Ø  - source region, δΩ - The front contour on 

and is an arbitrary patch centered at a pixel. P(p,t) - term for the patch centered at pixel p in 

frame Ft .   P(p,t)=  C(p,t)*D(p,t)*W(p,t) where ,C(p,t) :- Confidence term D(p,t):- Data term 

W(p,t):- weighting factor. The weighting factor measures the percentage of the source area 

available in each frame. A higher W(Ft) value indicates that the frame Ft contains more source 

data; thus, it has a higher inpainting order. The confidence term measures the percentage of 

source data in a target patch Ψ(p,t). Before the computation of the confidence term, initialisation 

the confidence value of each pixel in I is done by 

Co =1.0 iff p is in Ø and Co=0.0 iff p is in Ω. Where ΨP :- patch centered at pixel p. 

Defined confidence C(p,t) of an arbitrary patch ΨP: 
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The data term is used to assess the importance of a target patch. Firstly, the Canny edge 

detector mechanism is applied on I to obtain a binary edge map BI . Let øε be the area 

corresponding to ø; that is, is the edge map of the source area . After this, the percentage of the 

edge and the complexity of a patch’s constituent colors are computed to decide whether the patch 

is important. Our data term is defined as follows: 

 

The max function is a nonzero summation of the pixel in the edge map var(Ψ(p,t)) and is 

used to compute the degree of intensity variation in the patch (Ψ(p,t)) . The use of intensity 

variation is to ensure the miss-detection of edge will not degrade the quality of inpainting result. 

The confidence term indicates the degree of damage in a single patch. It does not provide any 

higher level structural information about all patches. A patch with a higher confidence value 

means it’s missing area is smaller. The term can only play an auxiliary role by providing a rough 

guideline on where to start the inpainting process. It is observed that number of patches have 

high and same confidence values are large. To solve this conflict and to determine which one has 

the highest priority, data term is introduced in the computation. This insertion strengthens the 

confidence term and solves the above-mentioned problem.  Data term is used to assess the 

importance of a target patch. Inpiainting is done by descending order of priorities of patches. 

Only confidence term can be used in calculation of patch priority. If only the confidence term is 

used, the patches at the outer boundary would be processed first. Due to this the inpainting may 

contain erroneous results. On the other hand, if only the data term is used, the inpainting process 

would consider the available information contained in a patch, but the proportion of missing data 

in the patch will be neglected. As a result, the inpainting process would be biased [3]. 

PATECH SEARCHING 

Once priorities of all the patches in frame are determined, the best-matched patch for each 

damaged patch is calculated in order of priority. Highest priority patches are selected firstly for 

inpainting process. As this approach considers the degree of damage, the relations with 

surrounding patches, and the degree of complexity; at the time of determining the priority of 

patches, high priority patch has better chance of finding a patch with the best quality.  Hence, the 

quality of the search process increases [4]. 

Let I - a video frame, Ω  - missing portion, Ø  - source region, δΩ - The front contour on and is 

an arbitrary patch centered at a pixel. P(p,t) - term for the patch centered at pixel p in frame F 
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Ψ (p~,t)= arg max(P(p,t)), where p is in δΩt 

An arbitrary patch template is expressed as follows: 

Where Ψ (p~,t):- the patch with the highest 

priority, ø :- an empty set, ±kΨ(p~,t) :- represents the domain that covers the patch Ψ(p~,t) and 

its surrounding pixels outside Ψ(p~,t) within a distance k . k :- (width of the patch)/2.  

Now, motion vectors obtained from that motion map are used to search for a similar 

patch. Possible candidate patch searching starts from the neighboring frames. The search process 

begins with the neighboring blocks and then moves to blocks that are farther away. If this step 

fails to find similar blocks among the neighboring frames, an intra-frame search is performed to 

locate a similar patch in the current frame. Let  Г(p~,t)  be the best matched patch among all the 

candidate patches; that is 

 

Where ø(q,t)
r
  :- square region of size r*r centered at q, d(Г(p~,t), Г(q~,t) ):-  distance function that 

measures the difference between Г(p~,t)  and Г(q~,t)  by 

 

Here, SSD denotes the sum of the squared distance. The distance function defined in the 

equation considers three factors: the SSD, the number of undamaged pixels in the patch template, 

and the temporal distance fd(t,t’) . The constant, c=1 , indicates the weight of an undamaged 

pixel and in the distance function ensures that the most similar patch within the distance range 

will be selected. After selecting the target patch, copy the motion vector of Ψ(p~,t) to Ψ(q~,t) in 

order to maintain temporal continuity.  This procedure starts with an inter-frame search to find 

the most similar patch in the neighboring frames. After an undamaged patch is identified, the 

missing motion information in is updated with a motion vector to reference the targeted patch in 

frame fj. If a reference patch cannot be found in the neighboring frames, the process performs an 

intra-frame search to locate the most similar patch in the current frame. After the best-matched 

undamaged patch is identified, the missing motion information in is updated with a motion 

vector to reference the targeted patch in the current frame. 

PATCH PASTING AND FRAME ADJUSTMENT 

Once the information about the missing motion from the motion maps is collected, the 

frame completion process to repair the missing areas and regulate the luminance of the video 
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frames starts. Patch pasting mechanism reduces the number of undesirable artifacts caused by 

unstable illumination and mismatched edges conditions  After the missing motions in motion 

maps are completed, stacking of the patches in the temporal domain is done. This stacking is 

done according to the computed motion map and constructs the space-time volume. A video can 

be viewed as a composition of several space-time volumes. Then, from the same space-time 

volume the patch pasting process will select similar undamaged patches. This selected patch is 

pasted at damaged areas. 

This frame adjustment mechanism used to regulate the luminance of each frame and 

reduce the intensity of flicker in the video. The Poisson image editing technique assumes that the 

source and target images have similar textures and colors across the boundary. Although this 

assumption could be a limitation for some applications, our case suffers no such limitation 

because the referenced patch is selected from the same space-time volume. After repairing all the 

missing areas in the damaged frame, the multi-resolution spline technique proposed by Burt and 

Adelson is used to composite all the repaired frames and generate a smoothness graph. The 

technique is widely used to combine two or more images in order to generate a large image. In 

this mechanism the low frequencies are blended over a large spatial range and high frequencies 

over a small spatial range [1]. At the time of blending process, the spatial information in the 

images, i.e., the luminance and color, is regulated so that the images match. In our frame 

adjustment technique, this process is used to stabilize the luminance of successive frames. After 

this technique, a simple 3-band scheme is applied to composite all the video frames. This 

technique improves the intensity of output video and also stabilizes the color and increases the 

temporal continuity.  

Scratches may occur in vintage films mainly due to old age of film material with a 

mechanical part of the film projector. This visual degradation appears as vertical black or white 

lines on film. The characteristic of scratches is connected with the type of film material, i.e. 

whether it is a negative or a positive print. Negative print indicates that the scratch is in contrast 

color to the background and positive scratch implies that the scratch is of background color but 

had different luminance. Scratches generally retain their spatial position over several frames and 

they have a width of about 1 to 5 pixels. There are basically two types of Scratch detection 

methods Spatial method and Temporal method. 

In spatial method exploit intraframe properties of scratches for detection. temporal 

methods mainly uses the temporal tracking method of scratches. If only the spatial method is 

used to search scratches then it may alarms at false results and may miss some true scratches. 

Spatial properties of an image frame are insufficient for accurate scratch detection. To avoid 

these false alarms, combination of spatial and temporal methods to detect and remove the 

scratches on the frames. Interframe temporal correlation is employed to verify candidate 

scratches that are obtained from the spatial scratch detection method [3]. As the temporal 

continuity is taken into consideration, the visual effects are pleasant. Scratches are always 

observed to exist at the same spatial position for at least two frames. Single frame defects can be 

regarded as a blotch and can be detected and restored with blotch restoration methods. Exploiting 

this information about scratches, a binary opening operation is performed over refined scratch 

candidates. 

CONCLUSION 

 

This algorithm consists of two procedures: motion completion and frame completion. A 

preprocessing procedure constructs a motion map to record the motion information in 
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undamaged source areas. The motion completion procedure restores the motion in each missing 

area based on the completion order determined by the priority computation. Spatial continuity 

is improved using the completed motion map and the best-matched result for inpainting 

damaged areas. The frame completion procedure repairs nearly all the damaged areas and 

reduces the intensity of video flicker. During the frame completion phase the global and local 

luminance stabilization is done to obtain better quality results. This video inpainting process 

recovers missing parts of videos by using original undamaged information from all video 

frames whenever possible and the restores videos are close to original state. The frame 

completion procedure implements patch pasting and frame adjustment steps, yields visually 

pleasing results with seamless boundaries and stable luminance. 
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