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Introduction

The motion pictures represent an important cultural heritage. As films age they became prone to all kinds of defects such as dust, scratches, vinegar syndrome and color dye fading. Several film defects such as dye fading and vinegar syndrome are chemically irreversible processes [START_REF] Reilly | Storage Guide for Color Photographic Materials[END_REF][START_REF] Ebu | European Broadcasting Union. Preservation and reuse of motion picture film material for television: Guidance for broadcasters[END_REF] and often a degraded version is the only available record of a film, hence the importance of digital film restoration. In fact, beside the fact that it can tackle artifacts that are out of reach of traditional photochemical restoration techniques, digital film restoration presents the advantage of not affecting the original material, since it works on a digital copy. Several digital restoration techniques (Chambah 2002[START_REF] Chambah | Perceptual Approach for Unsupervised Digital Color Restoration of Cinematographic Archives[END_REF][START_REF] Buisson | Deterioration detection for digital film restoration[END_REF][START_REF] Joyeux | Reconstruction of degraded image sequences. Application to film restoration[END_REF][START_REF] Besserer | Detection and Tracking Scheme for Line Scratch Removal in an Image Sequence[END_REF][START_REF] Kornprobst | Image Sequence Restoration: A PDE based coupled method for image restoration and motion segmentation[END_REF][START_REF] Decencière | Restauration automatique de films de films anciens[END_REF]) have emerged 2 during the last two decades and became more and more automated but restoration evaluation remains still a rarely tackled issue [START_REF] Chambah | Automatic Color Restoration of Faded Pictures and Motion Pictures[END_REF][START_REF] Decencière | Restoration Quality Assessment[END_REF]. Some caution must be exercised when doing quality assessment in the field of restoration. The material to be restored is not coming from a stable technological process that would produce the same basic quality before any degradation. The cinematographic technological methods have not changed notably since the beginning of cinema exploitation, keeping the same basic camera and projector movements, the same format size, the ubiquitous 35mm film, and similar laboratory procedures, but the quality has always evolved. Even if we disregard the relative statistic dispersion of quality due to different working standards and accidental variations, there has been a constant change of quality. Moreover, the historical evolution was not a continued regular improvement towards higher standards. For example, in the early days of color film, economical reasons were a motive to abandon the high quality Technicolor process using three or two strips of film. As a result there was a loss in quality not only in resolution, because of the combination of the three color layers on one strip of film, but also a loss in the gamut of color covered by the system, because of the complicated chemical process used. It is therefore probably not a good choice to use absolute reference metrics when assessing the quality of a specific film. Knowledge of the historical evolutions of the technology suggests that it would be necessary to use historical reference metrics in this case, a puzzling problem. The use of reference free metrics would then be a better choice in the context of automation. Thus, reliable automatic methods for visual quality assessment are needed in the field of digital film restoration. Ideally, a quality assessment system would perceive and measure image or video impairments just like a human being.

Film degradation

The goal here is not to present an exhaustive list of defects. It would be too long, boring and rather confusing. Moreover there is more than one way to present such a list. The point of view of the librarian does not coincide with the point of view of the image processing specialist. In order to avoid a lengthy and possibly controversial enumeration, we will use a structured approach that we claim is better suited for the problem at hand.

Defects affecting the photochemical material

A film is built of a photochemical emulsion deposited on a base. The base must hold firmly the emulsion, stay chemically neutral for this emulsion, stay flexible, avoid deformations and resist to all the environmental and mechanical constraints that the technology imposes on the film: Tight loops during shooting and projection, strong tension during rewinding or laboratory work, immersion in various chemical baths for processing, sudden heating during projection. After all this treatment it must stay in good condition for long period of storage.

Mechanical degradations

The first degradations that the film must endure are caused by improper handling. Even a repeated normal handling of a film is causing a few problems. The main phenomenon is abrasion caused by the dust or by a mechanical protruding piece of fabric in camera, projector or any mechanical device used during the long life of a film.

Dust, dirt and thin scratches

The dust is causing thin scratches on film and small particles of dust may penetrate the film base or the emulsion. It is a well known fact for film professional that the beginning and end of every spool is more degraded than the middle. This is because of the manual manipulation of the spools during editing, control or projection, causing both tails of the film spool to float for some moment in rooms and to rub all possible surfaces. Elongated scratches Protruding pieces of metal or small defects on metal surfaces, mainly in the camera during shooting, or later in the various equipments is causing the elongated vertical scratches which run along many frames. Jitter (Image vibrations) Repeated loading, unloading, winding and rewinding of the film strips is also damaging the film holes that are supposed to guaranty a stable repeated positioning of the images during projection. When the holes are deteriorated the strong mechanical tensions and alternating movements of the projection are causing an irregular positioning of each frame. But it is also true that early film strip and old camera movement were not as stable as today and were also causes of the same kind of jitter.

Missing parts and missing frames

Of course a severe mistreatment of the film strip or repeated careless manipulations may cause tears and breaks of the strip.

Chemical degradations of the base

Historically three successive materials have been used for the film base: Cellulose nitrate, cellulose acetate and polyester. Unfortunately each of these materials has some drawback. The first base used was highly flammable and could even detonate. In fact cellulose nitrate enters in the composition of the dynamite. The main problem with the cellulose nitrate is a reaction with the metallic boxes used to store the film spools. The parts in close contact with the film become brittle and disappear in dust. Fortunately it does not harm too much the emulsion. In almost all the developed countries nitrate films have been copied to safer film system. Cellulose acetate base films, also called "safety" films, were developed in order to get rid of the flammability problems of the first films. Unfortunately the new base proved not to be totally safe and it is a general sad rule that each new product developed to cure former problems is exhibiting its own set of problems.

Vinegar syndrome

The "vinegar syndrome" is a degradation that affects film material using a cellulose acetate base. It is the hydrolysis of acetate groups which results in the formation of acetic acid (vinegar). This chemical degradation allows also easier access to moisture. The acetic acid increases the rate of hydrolysis and so the hydrolytic degradation assumes an auto-catalytic nature. At the end the base is dissolved and the emulsion remains alone. There is not much to be done at this stage. The main problem at earlier stages is a deformation of the support which causes variable local blurring effect. This problem has been addressed by a digital restoration method explained in (HeIt 2001). The current new base in use is made of polyester. It is much stronger and resistant to mechanical tension and tearing. There are not yet confirmed reports of specific degradations.

Chemical degradations of the emulsion

The emulsion is supposed to be stable once the chemical processing has been completed. For black and white films there is not much risk of degradation if the laboratory work has been done with sufficient care. A good number of very old black and white films have been kept in good conditions for more than a hundred years now.

Contrast saturation

A common degradation seen in old black and white films is the strong saturation of the black and of the white areas with a severe loss of middle tones. Color dye fading But the complex chemical composite of the emulsion in color film is more sensible to the influence of radiation temperature and humidity. Color fading is caused by chemical changes in the image dyes of color films. Many older films have taken on a distinct color cast, caused by the rapid fading of one or two image dyes. Color negative film, color slide film, color print material, interpositives and color motion-picture release print film are all affected in the same way. The fading of one or two chromatic layers of the film results in a drab image with poor saturation and an overall color cast.

Film reproduction degradations

The reproduction mechanism of the cinematographic film is done by optical duplication. Even conducted with special care this operation is provoking degradation in resolution.

Blurring effect

The film projected in cinema theatres is a third generation copy of the original negative used for shooting. From this negative a first interpositive is printed, and then an internegative is obtained which is the base for numerous copies called release prints. A test exposed in the SMPTE Journal of February March 2004, is measuring the relative loss of quality between the original negative and the release prints. A rough measure of degradation may be derived from the MTF curves by stating that the resolution is divided by two.

Halo

During the printing operations a number of other degradations may occur. An improper adjustment of the lighting is causing halos or uneven distribution of the intensity in each frame. Fog An incomplete isolation from interfering lights may cause a fog effect. In general this effect is pretty stable and must not be confused with the moving fog effect caused by an incomplete mixing of the chemicals during processing. Flicker A number of mechanical misalignments during the optical printing may have also caused the phenomenon called flicker. The overall image intensity is varying from frame to frame. It is really difficult to distinguish this from the flicker present in old shooting and caused by the irregular speed in the camera movement.

Issues in restoration evaluation

The code and the image In the traditional photochemical world, in order to evaluate the state of a film for restoration or to assess its quality of conservation, it is only necessary to have a look at it. A quick examination of the base gives an indication of its aging conditions. A projection is the only way to judge the quality. The film itself is the recording support (the base), the recording method and medium (the emulsion), the storage medium, the viewing support and the reproduction support. The digital film is dissociated from the recording, viewing and storing methods and supports. The digital code is not the viewed image; it is only the algorithmic potentiality of an image, when arranged and transmitted for display.

The examination of the code itself does not indicate if there are defects, because the code itself is built to stay unaffected through multiple copies by virtue of its algorithmic nature. It is only because the digitally coded image is the representation (translation) of a bi-dimensional arrangement exhibiting such and such regularities that it is possible to speak of defects and to evaluate a quality. These regularities, defined a priori, are those of a photochemical image recorded by a specific camera, reproduced by some laboratory process, kept on a certain base and digitized on a specific modern system. All these equipments have their characteristics and the processes took place at certain dates and all this may be known or not. We have seen all the transformations and degradations which are occurring to the film up to, and including, the digitization. We think that the question of how to evaluate the quality of a digitized film may be addressed by considering the questions of control strategy, microstructures and macrostructures.

Control strategy

The first consequence of the separation of the code from the support is the necessity for a control strategy quite different from the traditional one. It seems evident that the digitization process must be fully analyzed and all its characteristics documented in full details. We have seen earlier how the coding domains are different and may give rise to quite different quantization noises for example. The earlier techniques may not be known and may be only approximately dated, but this stage at least must be imperatively known. The basic characteristics are the sampling method and dimension, the encoding domain, the original quantization. This may include also knowledge of the characteristics of the film being digitized. The nature of the film is important because negative or positive film have really different contrast. The color process is also interesting; it gives an indication of the possible color gamut. The sampling of a piece of film without any image impressed on it gives indication of the density of the base, the absolute minimum density. Lastly a sampling of a moderately dense flat image gives an indication of the grain size. Moreover, if a quick look at the film base is enough to judge of the conservation quality of one spool, there is nothing comparable in the digital world. It seems therefore imperative to do a search through all the images of the film or at least through a subset offering all the conditions for completeness of control. This is the condition for being able to know precisely the full range of the individual characteristics, amount of noise, grain characteristics, maximum contrast range, largest color gamut, etc.

Degradations or artistic distortions ?

A complete and thorough control strategy cannot solve everything. Another difficulty is coming from the artistic nature of the cinematographic work. Contrary to an industrial controlled environment, the artistic nature of the film work is generating considerable variations in the characteristics of the recorded images. This is creating some puzzling problems for the quality assessment. An example will illustrate clearly this point. If one is doing quality control on numerous sample images and finds a certain part of a film to be affected by a specific color problem. This part exhibits the same grain and noise values than the rest of the film. The scene compositions are not differing from any other scenes. But the contrast level is slightly less important and the color saturation is low with a general blue dominant color.

6 Is this a defect? A professional look at the sequence shows that it is a group of "day for night effect" scenes in the film. But surely it could have been a bad copy or a bad transfer. How to solve this puzzle? One possible answer to this question is to look at the structure of a film. If the transitions between normal quality scenes and scenes having this specific distortion are happening at the same location than the film scene transitions, it is certainly an artistic choice.

Microstructures and macrostructures

We have seen that the structure of the film could guide the quality evaluation process. The Technicolor process example given in the introduction will serve to further illustrate the conclusion of the previous section. We were stating that the abandon of the high quality Technicolor process resulted in a loss of quality in resolution but also in the color gamut of the color films. We see here two different kinds of qualities which must be treated separately. It is certain that digital processing may give useful indication when considering the characteristics of noise grain size maximum gradient contours and measures of the same sort. Those are the measurable microstructures of the images. But when it comes to different qualities like the color gamut, the contrast, the luminance, the color dominant, we are considering qualities that are relating to perception and to artistic expression. We must exercise some caution while measuring these characteristics. Their evaluation requires some knowledge of the technical representation systems and of their possible artistic or semantic usage. Without having to investigate fully in the semantic aspects of film, it is probably enough to subordinate the interpretation of these measures to the visible construction of the film. The editing, the scene content to some extent and the camera movements are often macrostructure which may help prevent misinterpretations of the measures. It is interesting to note that these macrostructures are not too difficult to detect automatically.

Cinema image quality evaluation

In the sphere of cinema, the image quality is judged visually. In fact, experts and technicians judge and determine the quality of the film images during the calibration (post production) process. As a consequence, the quality of a restored movie is also estimated subjectively by experts. On the other hand, objective quality metrics do not necessarily correlate well with perceived quality (Wang, 2002). Plus, some measures assume that there exists a reference in the form of an "original" to compare to, which prevents their usage in digital restoration field, where often there is no reference to compare to. That is why subjective evaluation is the most used and most efficient approach up to now. But subjective assessment is expensive, time consuming and does not respond, hence, to the economic requirements. Thus, reliable automatic methods for visual quality assessment are needed in the field of digital film restoration. Ideally, a quality assessment system would perceive and measure image or video impairments just like a human being. Two approaches can be taken: • The "psychophysical approach" or "human visual system approach", which is based on models of the human visual system [START_REF] Winkler | Vision Models and Quality Metrics for Image Processing Applications[END_REF]. Their general structure is usually determined by the modeling of visual effects, such as color appearance, contrast sensitivity, and visual masking, to name a few. Due to their generality, these metrics can be used in a wide range of applications; the downside to this is the high complexity of the underlying vision models. Besides, the visual effects modeled are best understood at the threshold of visibility, whereas image distortions are often supra-threshold. • The "engineering approach" or "imaging system approach", where metrics make certain assumptions about the types of artifacts that are introduced by a specific compression technology or transmission link. Such metrics look for the strength of these distortions in the video and use their measurements to estimate the overall quality. Based on the latter approach, a few studies of restoration quality (mainly on black and white films) are emerging [START_REF] Decencière | Restoration Quality Assessment[END_REF], in order to characterize the impairments to detect (like dust, flickering and scratches). Only limited success has been achieved. This is due to factors like the absence of reference to compare to, the difficulty to characterize precisely the impairments affecting films, the high definition of images that makes defects very visible, the spatiotemporal dimension of the images to restore, and to the lack of correlation between the metrics and the perceived quality. In fact, a metric may indicate that a scratch is less prominent after its correction, but perceptually an ill corrected scratch offends more that the original scratch, since we have been used during decades to see scratched movies. This example illustrates the complexity of some perception mechanisms and the difficulty to set measures that correlate these mechanisms.

AI based reference free quality assessment

The aim of automatic image quality assessment is to replace human judgment of perceived image quality with a machine evaluation. Avoiding inputs from human subjects can lead to deterministic models, yet objective systems should keep human scores as references to ensure consistency with subjective results. The developed system aims at assessing the perceived quality automatically when an enhancement algorithm is applied on an image. It is based on reference free approach. Figure 1 gives a schematic representation of the overall system. The model operates on numerical features extracted only from the image at test, that are used feed the neural network to obtain the quality rating. The subsystem consists of two main parts: feature extraction and an artificial neural network as a combiner. The set of extracted features used to assess the image at test are different designed metrics : Clearness (number of pixels on the edges of the image, mean lightness value on the edges of the image), contrast (global contrast, local contrast), lightness (mean lightness of the image, entropy of the distribution of the lightness, standard deviation of the lightness) and color (scatter of the color dominant, proportion of the color dominant, spatial scatter of the color dominant). In order to train and then evaluate the performance of the proposed model, we need the set of Mean Opinion Scores (MOS) of subjective image quality tests obtained by a group of human observers. After the system was trained, the system evaluates the quality of the image based on the extracted features (global image quality MOS) and computes the correlation with the MOS of subjective assessment. Our experimental results show that the correlation ratio can be up to 0,95 which is very promising. The aim of this paper is not going into technical detail and focus only on the main idea. Further details can be found in [START_REF] Ouni | Évaluation de la qualité des images couleur application à la recherche & à l'amélioration des images[END_REF].

Figure 1 Architecture of the proposed no reference subsystem based on neural network.

Conclusion

In this paper we have addressed the issue of image quality assessment in the field of digital film restoration field. We detailed the defects that affect films and the issues of quality assessment in the field of film restoration. We also presented briefly an IA based image quality assessment system. Even though the developed reference free metrics have shown their efficiency in helping assess objectively the image quality, in helping automatically fine tune restoration algorithm parameters and speed up restoration quality estimation, human validation is still needed and still a lot of research need to be done.