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Abstract. Quality assessment of audiovisual files is an important tool in many 
steps of the preservation workflow, as well as for use and access of archive ma-
terial. Today mainly technical properties of the files can be checked, e.g. file in-
tegrity or standards compliance of file wrappers and encoded streams. Checking 
the audiovisual quality manually results in extremely high labor costs. In this 
work we present a semi-automatic quality assessment approach that combines 
the efficiency of fully automatic detection with the interpretation capability of 
humans to provide verified high quality assessment results. We also address the 
issue of interoperable metadata for quality assurance, discussing the state of the 
art and the gaps, and propose a framework for describing visual quality analysis 
results, which fills one of these gaps. 
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1 Introduction 

Quality control for audiovisual (AV) files is an important tool in several steps of 
the preservation and access processes of audiovisual archives, including ingest, resto-
ration and delivery. In these processes AV files need to be checked on different lev-
els. On the file level data integrity is checked by means of fixity information, e.g. with 
checksums or hashes implemented within storage, content or preservation manage-
ment systems. On the file wrapper (e.g. MXF) and on the stream encoding (e.g. 
MPEG-4 AVC/H.264 or JPEG2000) level standards compliance is checked by means 
of available industry tools. On the content level only a small set of tools for spotting 
visual or audio distortions is available. Today manual checking of the visual and au-
dio quality results in extremely high labor costs or, if these costs cannot be afforded, 
in not assuring the content quality. The transition to file based production and preser-
vation environments enables automation of quality assurance tasks with the goals of 
reducing quality assurance costs, increasing the quality of the content produced and 
assuring quality of content ingested in and re-used out of a digital archive. 



The rest of this paper is organized as follows. Section 2 presents use cases for con-
tent based visual QA in preservation processes. Section 3 provides an overview on 
our novel tools for automatic quality detection and Section 4 discusses a user interface 
for efficient interactive quality verification. In Section 5 we address the issue of in-
teroperable metadata for quality assurance, discussing the state of the art and the gaps, 
and propose a framework for describing visual quality analysis results, which fills one 
of these gaps. Section 6 concludes the paper. 

2 Use Cases for Content Based QA in Preservation and Access 

Content based quality assessment can be beneficial in various digital video or mov-
ie archive related use cases. During archive content ingest or migration, it is useful for 
monitoring the film scanning process, e.g. for white and black points, instability, out 
of focus, flicker, etc., for the monitoring of video player problems like head clogs, 
drop-outs, video breakups, off-lock situations and for checking the encoding or trans-
coding for blocking and blurriness artifacts. Furthermore, for the process of archive 
content selection, access and usage it can be a valuable tool for several tasks like se-
lecting the ‘best quality copy’ in case the content is available in more than one copy, 
for selecting a video or movie with minimum quality for a certain usage (e.g., is the 
actual resolution of the content suitable for standard definition to high definition up-
conversion/broadcast/Blu-ray production) and for selecting a movie where additional 
post processing costs can be avoided (e.g., a movie with low film grain 
noise/flickering/image instability), thereby avoiding restoration costs. Finally, content 
based quality estimation can be used in restoration planning to estimate the cost and 
time of restoration (based on the amount of dust, noise, flicker and image instability 
present in the un-restored content) and to select the most appropriate restoration 
tools/systems. 

Although humans are able to provide very reliable quality assessments, in practice 
this approach is too time-consuming and therefore extremely costly. Alternatively, 
fully automatic QA approaches can be implemented very cost efficiently, but cannot 
provide the same functionality and reliability as human judgments. We thus aim at an 
approach combining the benefits of both worlds, i.e. the cost efficiency of automatic 
tools with the interpretation capability of humans. Fig. 1 illustrates this semi-
automatic approach where audiovisual files are first analyzed fully automatically and 
then these analysis results are verified interactively by humans, providing a final qual-
ity report. 

An analysis profile defines the type and parameters of automatic impairment detec-
tors to be applied for a certain QA task, e.g. film scanning QA, video tape migration 
QA and restoration preparation QA. 
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Fig. 1. Semi-automatic quality assessment workflow consisting of fully automatic quality anal-
ysis and interactive quality verification. 

3 Automatic Content Based Detectors 

Video quality analysis methods can be categorized by the amount of information 
available from the original undistorted video. Full-reference methods need access to 
both, the current copy and the original undistorted video (the reference). Reduced-
reference QA methods work with only partial information of the original video. Non-
reference methods require only the current copy available. In the application areas 
preservation and restoration the original undistorted video is practically unavailable in 
almost any case; therefore non-reference QA methods allow the widest range of ap-
plication. In the following a set of state of the art detectors based on non-reference 
methods is described. 

Electronic noise (of analogue or digital source) or film grain noise is present to a 
different degree in any video or movie content. Also modern digital video cameras 
create a significant amount of noise when shooting e.g. in low-light conditions. The 
noise/film grain detector supports noise level estimation for different types of noise, 
from very fine electronic noise, over different kinds of digital sensor noise up to very 
coarse film grain noise. Interlaced as well as progressive sampled video/movie is 
supported. The signal dependency of noise (different strength of noise in different 
luminance and chrominance channels) is also estimated. The detector is robust against 
a wide range of image degradations including flicker and image instability. The 
noise/grain value is estimated for every nth frame statistically from measurement val-
ues of a temporal sliding window centered at the frame. A graphics board with 
CUDA1 support is needed for the computationally expensive local motion estimation 
task, allowing the detector to operate in real-time for standard definition (SD) materi-
al. The detector can be used for determining whether noise restoration/reduction is 
                                                           
1 Compute Unified Device Architecture (CUDA) is a parallel computing architecture developed 

by NVIDIA for general purpose processing on graphics cards. 



required, e.g. in post-production, before archive content re-use or before play-out. It 
can also be used to monitor the film scanning process in regard to noise produced by 
the scanner. 

The video breakup detector described in [1] and [2] detects temporal segments in 
the video containing major image disruptions, for example caused by head clogging, 
assemble edits, lost lock, recorded serious digital error corrections, severe TBC hits 
and damaged tapes. A typical video breakup defect is shown in Figure 2 at the lower-
right. Although the detector primarily targets analogue defects (showing horizontal 
line distortions), also severe digital errors (typically exhibiting blocking defects) are 
detected. The output of the video breakup detector is a list of temporal segments 
where video breakups occur, and a severity value for each segment which gives an 
indication of how severe the video breakup defect is. Due to CUDA support for key 
components like the motion estimation, the detector is able to operate in real-time for 
SD material.  

The sharpness detector measures the actual sharpness of the content, relative to the 
nominal video/movie resolution. For the estimation of the image sharpness, the image 
is divided into blocks and a sharpness value is calculated for each block from the edge 
widths of the horizontal and/or vertical edges within the block. From the block sharp-
ness values, the image sharpness is then calculated with robust statistical methods. 
Additionally, the detector can take the human perception of sharpness into account by 
focusing only on the most significant edges in the image. The detector is robust 
against common degradations appearing in video and film like noise, flicker and in-
stability. The sharpness value is calculated for every nth frame in the video. It can be 
used for example to detect if content has been up-scaled from standard definition to 
high definition video, or to monitor the film scanning process for out of focus quality 
control. 

Freeze frames occur, when no valid content data for the current frame can be re-
trieved due to various reasons. In this case, most video player or transmission devices 
deliver the previous frame (or field) instead, leading to several consecutive frames 
with identical content in the video stream. The freeze frame detector described in [3] 
detects temporal segments where freeze frame defects occur. The detector is able to 
differentiate normal static image content (e.g. titles and caption) from an actual freeze 
frame defect and is robust against noise which can be superimposed on frozen frames. 
The detector operates significantly faster than real-time for SD video material. 

Dust, dirt and blotches are very frequent defects in archived film. They appear as 
bright or dark spots of irregular shape and have in common that a single defect of this 
category occurs usually only in one frame. Utilizing this characteristic, the single-
frame defect (SFD) detector described in [4] measures the amount of dust, dirt and 
blotches in a frame as percentage of the image area occluded by these defects. The 
SFD defect amount is calculated on a temporally sub-sampled video, e.g. for every 
20th frame. The SFD detector operates in real-time for material in SD resolution. 
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4 Efficient Manual Quality Verification 

Efficient visualization and verification of impairment analysis results supports an 
operator to get a quick overview of the condition of the material and to allow for 
manual corrections and final quality judgment by the operator. 

In the following we describe the user interface shown in Fig. 2, which is composed 
of these four main parts: Global timeline views (1) show the occurrence of defect 
events for the full temporal range of the video. A global timeline view also shows the 
shot structure and the temporal zoom period for the timeline views in part (3). For 
efficient verification, a defect list component (2) shows defect events and their prop-
erties. Timeline views showing a zoomed temporal resolution providing a level of 
temporal detail that can be freely adjusted are shown in part (3) of the user interface. 
A video player (4) with frame accurate positioning support and audio playback is also 
provided. 

The video player is the central component of the user interface. All other compo-
nents synchronize with it. The video player can be positioned on an extra monitor for 
full resolution playback. The other components like the event list component and the 
timeline views can also be displayed on a second monitor. 
 
 

 

Fig. 2. User Interface for efficient interactive verification of automatic detections. 
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All components provide additional navigation functionalities. The key frame and 
stripe image timeline views shown in the bottom of part (3) provide a quick visual 
overview of the video content. Key frames and stripe images are aligned on the time-
line according to their respective time points. Navigation is possible by clicking on 
the timeline, or by moving the scroll wheel for frame accurate positioning. 

Timeline views showing impairment detection results either visualize continuous 
quality measures in form of line or bar charts like the visual activity and the 
noise/grain level within specific time ranges. Detections having an event-like charac-
ter are also visualized on timeline views by indicating the temporal segment of the 
detection. These are for example video breakups, uniform color and test pattern seg-
ments. The different views appear both over the full video range in part (1) and for the 
selected zoom period in part (3). For uniform color detections the respective segments 
are additionally filled with the color detected. 

The time an operator can spend to verify automatic analysis results is typically lim-
ited and it may be the case that not all defect detections can be manually verified. So 
the time the operator has available should be utilized best. For this it is very useful to 
be able to handle the most relevant detections first. To support this, the detections 
listed in the defect list view can be sorted by all columns. So when sorting by severity 
an operator can efficiently verify the most relevant detections first. A detection can 
either be approved, discarded, or postponed for later verification by the operator. Af-
ter such a manual verification the next detection in the list not verified yet will be 
selected. This verification process is supported by a special mode where the video 
will play in a loop around the currently selected detection including a configurable pre 
roll and post roll time. 

5 Interoperable Metadata for Quality Assurance 

Interoperable metadata is a key prerequisite for long-term preservation and quality 
assurance of audiovisual content. For preservation purposes, the following two types 
of metadata are most crucial: Structural metadata, i.e., metadata that is needed to cor-
rectly interpret the stored essence (header structures of containers, technical metadata 
about the type of encoding, etc.), and preservation metadata, which includes infor-
mation about the fixity of the object (i.e., properties that allow checking the integrity 
and quality of the essence), as well as a documentation of the preservation actions 
applied (e.g., devices/tools used and their parameters). 

Here we focus on metadata for describing processing applied in the preservation 
(e.g., digitization) workflow, which might provide valuable information about content 
quality based on measurements from tape recorders, etc., and on the representation of 
information coming from content quality checking tools as described in the previous 
sections. The description of the quality of audiovisual content and the defects it might 
contain is part of the content’s preservation metadata. Thus, the metadata cannot be 
dependent on the specific tools used for quality analysis, but must be understood by 
all the different preservation and restoration tools in the workflow. In addition, 
preservation metadata is only useful if it can still be interpreted many years after its 
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creation. These requirements call for a standardized approach for representing quality 
metadata. 

The quality description shall allow getting an overview of the condition of the au-
diovisual material. It shall thus be a compact description and contain details only if 
absolutely necessary. The description is mainly produced by automatic tools, only 
validated by the operator, and it shall also be possible to process the description au-
tomatically. Therefore, the time point or range for which a description is valid must 
be specified, quality has to be quantified numerically or by sets of defined terms, 
defects need to be unambiguously identifiable, and optionally, properties of defects 
may be further described numerically or by sets of defined terms. 

As the descriptions support the user in getting a quick overview of the materials 
condition, they shall be defined in a way that they are easy to visualize. Especially 
quality measures and defect descriptors that represent a larger time range shall allow 
condensed visualization over time. Quantitative descriptions of impairments shall 
correspond to the perceived severity of the defect. 

5.1 State of the Art 

There are several gaps in existing metadata standards for this type of information. 
MPEG-7 [5] is a standard for the description of multimedia content, including struc-
turing the content as well as describing a number of low-, mid- and high-level features 
for each of the segments in the structure. In MPEG-7 some impairment descriptors 
and description schemes have already been standardized. The MediaQuality de-
scriptor contains (i) a quality rating, expressed as a floating point value, (ii) a rating 
source (iii) a list of perceptible defects, discriminated into visual and audio defects, 
each of them being a term in a classification scheme. Classification schemes are 
MPEG-7 description schemes for defining hierarchies of controlled vocabulary. It is 
however not possible to describe the defect in more detail or its exact (spatio-) tem-
poral location. The AudioSignalQualityDS [6] can be added to each audio segment 
and contains some segment-based audio parameters and a list of error events. Each of 
these error events is described by the error class (a reference to a term in a classifica-
tion scheme), time stamp and channel number, detection method (manual, automatic), 
relevance, status and optional text annotation.  

The SMPTE metadata dictionary [7] contains a long list of properties, including 
many describing tools and their settings in production, but lacks comparable proper-
ties for preservation. First steps to document the knowledge involved in preservation 
processes are simple databases of format properties on obsolescence (e.g., PRONOM 
[8], JHOVE [9]), but they do not sufficiently cover the audiovisual domain. The Pres-
toPRIME project2 has started working on a registry including information about the 
obsolescence of audiovisual formats, which also considers the issues of container 
formats with different encodings inside. Very recently, the MPEG Multimedia 
Preservation Description Information (MPDI) group has identified these and a num-
ber of related issues in their requirements document. 
                                                           
2 http://www.prestoprime.eu 



5.2 MPEG-7 Extension for Visual Defect and Quality Description 

Based on an analysis of the state of the art and the requirements defined above it 
becomes clear that MPEG-7 is a suitable standard to serve as a basis for the descrip-
tion of visual impairments. MPEG-7 allows to structure descriptions on different lev-
els of granularity and already offers some tools for quality description, especially in 
the audio domain. Thus we have proposed an extension to MPEG-7 for describing 
visual impairments, similar to that for audio quality and defects defined in [6], a set of 
detailed descriptors for specific quality measures and defect descriptors and an ex-
tended classification scheme for visual and audio impairments. 

The extension is based on the MPEG-7 Audiovisual Description Profile [10] which 
has been proposed for detailed description of audiovisual content in production and 
archiving. The MPEG-7 extension for defect and quality description is available at 
[11]. 

There is a generic visual descriptor for defects which specifies general properties 
and references in a classification scheme. This is the minimum description of a defect, 
specifying its type and the segment of its occurrence. In addition, specific descriptors 
for a number of defects and quality measures have been defined, which allow to de-
scribe their respective properties. 

Starting from the Brava broadcast archive programme impairments dictionary [12], 
we have defined a comprehensive impairment classification scheme that provides for 
hierarchical organization and multilingual description of defects. The main organiza-
tion criteria of the classification scheme are the visible and audible effects of defects. 
The top levels of the visual and audio defects in the classification scheme are visual-
ized in Fig. 3. This classification scheme of impairments is only a starting point, and 
more work on standardization of taxonomies of impairments, related devices, carriers 
and encoding formats is required. 

6 Conclusion 

Content based quality assessment is a beneficial tool in preservation of audiovisual 
content, covering use cases such as archive content ingest and migration, archive 
content selection, access and usage and restoration planning. Automation of QA is 
essential to reduce costs; a semi-automatic QA approach optimally combines the effi-
ciency of fully automatic detection with the interpretation capability of humans to 
provide verified high quality results. A set of tools for automatic content-based detec-
tion of common video/movie defects like noise & film grain, test pattern, video 
breakup, sharpness, freeze frame and dust & dirt was presented, operating in real-time 
for content in SD resolution. In order to verify results, automatic detections need to be 
checked by human operators. A tool was presented providing various timeline views 
giving a quick overview of the condition of the material and supporting an operator in 
efficient verification and final quality judgment. In order to ensure that preservation 
metadata, including process related information and quality analysis results can be 
exchanged with tools throughout the workflow and remain long-term understandable, 
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a description based on the MPEG-7 metadata standard has been proposed. We have 
also proposed a taxonomy for impairments and discussed related open issues for 
standardization. Our future work will focus on the development of automatic quality 
detection and interactive verification functions needed for the large number of addi-
tional impairments occurring in movie and video production, preservation, migration 
and re-use scenarios. 
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Fig. 3. Top-level classes of the impairment classification scheme. 


