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Summary 
In this report the influence of introduced temporal and spatial artifacts and scene motion 

characteristics on perceived video quality are studied. The temporal artifacts are mainly 

introduced by the adaptation method I-frame delay (IFD), an algorithm that drops the least 

important frames in a video sequence in case of too low bandwidth. The spatial artifacts are 

introduced by the adaptation method TransCoding (TC), an algorithm that re-scales the bitrate to 

a lower bitrate in case of too low bandwidth. The scene motion characteristics are in-scene 

motion and camera motion.  

 

The quality ratings for the different adaptation methods were studied in respect to the amount of 

motion in a perceived video quality experiment. In this study, three types of stimuli material was 

created and used, to exclude the influence of scene content and to be able to manipulate scene 

motion characteristics in a systematically way. Besides this subjective assessment, the objective 

video quality was also tested using the peak signal to noise ratio (PSNR).  

 

From the results it appeared that the videos processed with TC are rated better than the videos 

processed with IFD in two out of the three scenes (gym and train), regardless of the scene motion 

characteristics. In the third scene (train), the two adaptation methods did not differentiate. The 

introduced artifacts in video sequences processed with TC were less visible or less present then in 

the video sequences processed with IFD, despite the lower bitrate of TC (2 Mbps) vs. IFD (3.2 

Mbps). Comparing the quality ratings between scene motion characteristics in gym and train, a 

trend could be found in quality ratings depending on camera motion for train and in-scene motion 

for gym. The amount of motion also showed a trend. These trends need further research to be sure 

it is more than a trend.  
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1. Introduction  

Multimedia content is available in every home. It is a mixture of audio, text and (moving) 

pictures and is in general used for entertainment purposes such as TV, Skype (video), on-line 

gaming and YouTube. Multimedia content can also be used in education, e.g. on-line classes, 

informative TV. The transmission of all this content can be done over wired and wireless 

networks, and it requires a lot of capacity of these networks. In particular video content requires 

high capacity. For example, a movie of an hour for a standard colour TV signal with a resolution 

of 720 x 576 pixels and a frame rate of 25 frames per second will need around 112 GB to store 

the video content and therefore approximately 24 DVD’s are required.  To reduce the vast amount 

of audio and video content, the data are compressed for storage and transmission. 

 

Video compression algorithms like MPEG-2 are used to store and send video content in a more 

efficient way. Compression means information reduction. Reducing the amount of image data can 

be done in three ways: lossless, which means that the original signal can be retrieved; 

perceptually lossless, which means that redundant data is removed from the original video signal 

but this difference is not perceptible for humans and perceptually lossy, meaning that more 

information is removed from the video signal than just the redundant data. If there is too much 

perceptually lossy compression, this introduces visible distortions (artifacts) in a video sequence 

and the influence of perceptually lossy compression is the subject of this study.  

 

MPEG-2 related artifacts can also be introduced due to the transmission of the video signal over 

wired or wireless networks. In particularly wireless networks can introduce artifacts because 

these networks are prone to disturbances which make the available bandwidth vary. The network 

disturbances result in data loss and therefore retransmission of the data. To prevent the random 

loss of data due to network issues, adaptive methods are developed and used to pre-empt on 

transmission issues. Adaptation methods are algorithms to temporarily lower the bitrate of a video 

sequence in a controlled way when the available bandwidth is too low.  

 

In this study, two different adaptation methods are used to lower the bitrate. One adaptation 

method is based on removing temporal information (motion information), the other is based on 

removing spatial information (texture and detail). Removing temporal or spatial information has a 

different effect on the video signal. Subjective assessments are used to see if the different 

adaptation methods also have a different influence on the perceived video quality as well. In this 
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study in specific, the influence of motion in combination with the adaptatioin methods is taken 

into account.  

 

1.1 Motivation 

Results of previous studies that took motion into account gave an indication that motion has an 

influence on perceived video quality (Tripathi & Claypool, 2001, De Hesselle. 2006). In both 

studies a motion depending quality rating for either temporal adaptation or spatial adaptation was 

found. In De Hesselle (2006), motion was split up in in-scene motion and camera motion. The 

results showed that there is a difference in perceived video quality in different scenes when 

temporal or spatial adaptation methods where used. The spatial adaptation method was rated 

higher than the temporal adaptation method in scenes with high camera motion and moderate to 

low in-scene motion. The temporal adaptation method was rated higher than the spatial adaptation 

method when in-scene motion was high and camera motion moderate. It was considered that 

motion, i.e. in-scene motion and camera motion, had an influence on perceived video quality. In 

his study, like in many other perceived video quality studies, the types of video sequences that are 

used have different scene content. It is ambiguous if the results of De Hesselle (2006) were 

obtained due to motion or for example caused by video content. How come people perceive 

differences in video quality even though the same adaptation methods and compression algorithm 

are used? Is there really a different perceptible contribution of the scene motion characteristics?   

 

Therefore, the influence of motion in video scenes in combination with the two adaptation 

methods is looked upon more closely. More specifically, a distinction is made for different scene 

motion characteristics; in-scene motion and camera motion. The scene motion characteristics are 

taken into account to see how sensitive users are to distortions depending on the kind and amount 

of motion using the different adaptation methods.  

 

1.2 Goal and problem definition 

The goal of this research is to study the relationship between the adaptation methods and in-scene 

motion and camera motion and their effect on perceived video quality. For that purpose, stimuli 

are created in which the scene content is similar and scene motion characteristics are manipulated 

in a systematic way. If predictions can be made about the perceived video quality, by 

classification of in-scene and camera motion in combination with the used adaptation method, 

this information can be used to enhance source coding and adaptive methods in wireless 
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networks. A video or parts of a video sequence might be compressed more coarsely with certain 

kind of adaptation methods, allowing for less data flow with acceptable perceived video quality 

for the users.  

 

This leads to the following main research question: 

What is the influence of the introduced temporal and spatial distortions and scene motion 

characteristics on perceived video quality? 

 

1.3 Report outline 

In chapter 2, background information will be provided about the perceptual and cognitive aspect, 

compression and transmission and video quality. In chapter 3, the study of De Hesselle (2006) 

will be repeated to see if the effect that was found could be replicated. In chapter 4, both the 

creation of the stimuli material and the subjectively and objectively assessed for the scene motion 

characteristics are described. In chapter five, the experiment to see how people perceive video 

quality depending on the scene motion characteristics and the adaptation methods is described. In 

this chapter, the combination between the subjective quality ratings and objective quality measure 

are compared. In chapter 6 the general discussion will be described and in chapter 7 the 

conclusions are given. 
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2. Theoretical background 

In studying perceived video quality, the technical and the perceptual elements are interwoven. 

The human visual system has certain abilities to perceive environmental information. The 

compression standard MPEG-2 takes advantage of some of the properties of the HVS. Subjective 

video quality assessments and objective quality measures are used to get an idea of the quality of 

videos and both methods have their specific (dis)advantages. An aim is to get a higher correlation 

between the objective measure and subjective assessment. This is hard, because other aspects 

such as personal characteristics, assessment methods and cognitive processes influence 

perception of people. In particular, motion is considered to have an influence on the perceived 

video quality.  

 

In section 2.1, background information is given about the human perception and cognition to 

understand what people perceive and how perception can be influenced by motion amongst 

others. In section 2.2, video compression and the transmission of video content is explained. In 

section 2.3 the influence of motion on both objective and subjective video quality are described. 

In section 2.4 the hypotheses of this thesis are given. 
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2.1 Perception and cognition 

The human visual system (HVS) does not respond with equal sensitivity to different visual 

information of the outer world. In the retina two types of photoreceptors are located, rods and 

cones, responsible for vision. Human vision is based on differences in reflected light of parts in 

the environment that falls on the retina in the eyes (Sekular and Blake, 2002). The sensitivity of 

humans to contrast, which is the difference in light levels, depends on the colour, spatial and 

temporal frequency of the stimuli (Winkler, van den Branden Lambrecht & Kunt 2001). The 

sensitivity of HVS can be split up in spatial and temporal sensitivity. The spatial sensitivity is 

related tot the degree to which humans are able to see fine detail depending on the contrast level, 

which is called visual acuity. The temporal sensitivity is related to the ability to perceive 

(apparent) motion depending on contrast. 

 

Masking can change spatial and temporal sensitivities. Masking occurs when a stimulus is visible 

by itself, but cannot be perceived because of the presence of the other stimulus. Facilitation is a 

similar effect but describes the opposite of masking. Facilitation occurs when a stimulus that is 

not visible by itself is perceived because of the presence of another stimulus (Winkler et al., 

2001). The masking effect can be divided into spatial masking and temporal masking. 

 

2.1.1 Spatial sensitivity and masking 

The spatial sensitivity of the HVS determines the threshold contrasts needed to detect different 

spatial frequencies (Sekular &Blake, 2002). 

Spatial frequency is the number of pairs of 

light and dark bars (cycles per degree visual 

angle) in a grated pattern. The visibility of 

the gratings is dependent on colour, spatial 

frequency and on the contrast level. 

Different levels of spatial frequencies with 

various contrast levels are used to measure 

the window of visibility of humans and 

result in the spatial contrast sensitivity 

function (CSF) in Figure 1. On the x-axis 

the range of spatial frequencies and on the y-

axis the levels of contrast sensitivity are 

Figure 1: contrast sensitivity function of an adult 

human: less sensitivity to high spatial frequencies, 

most sensitive for low spatial frequencies (image 

source:  www.psych.ndsu.nodak.edu ) 
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shown, which are both on a logarithmic scale. The CSF represents the visual window for an adult 

person. 

 

When people get older, in general their visual acuity gets worse, meaning that the threshold of the 

visible area is lowered and more contrast is needed to see higher detail is necessary. People in 

general are less sensitive to high spatial frequencies, which means that the threshold to see the 

level of detail is high and more contrast is necessary to be able to see that kind of detail. People 

are very sensitive to low spatial frequencies (<10
1
), meaning that the threshold for these spatial 

frequencies is low and these patterns are visible with little contrast. The human eye works a low 

band pass filter and represents the detail, texture and colour in a less accurate way. In video 

compression the spatial contrast sensitivity of the HVS is used to obtain a higher compression of 

the video data with high spatial detail. 

 

As mentioned before, colour also has an influence on the CSF. It appears that the spatial 

sensitivity for luminance (grey scale) components is significantly better that the spatial sensitivity 

for the chrominance (colour) components in vision (Luther, 1998). Rods are responsible for grey 

scale vision and outnumber the cones responsible for colour vision, which explains the higher 

sensitivity for the luminance components in comparison to the chrominance components. In video 

compression, the greyscale components are represented with more precision than the colour 

component  

 

Spatial masking occurs within a picture and reduces the sensitivity of the HVS to spatial detail. 

The spatial masking, which is also called texture masking, occurs due to the differences in 

sensitivity of the HVS for spatial frequencies. For the spatial aspects, high spatial frequencies, 

such as fine detailed texture are less visible than medium spatial frequencies for people. Errors in 

highly textured areas are less visible than in moderate textured areas. Masking can be an 

explanation for the difference in visibility of similar coding artifacts in particular regions of a 

video.  

 

2.1.2 Temporal sensitivity and masking 

The temporal sensitivity of the HVS influences the perception of motion and is related to 

temporal frequency. The appearance of smooth motion is dependent on colour, temporal 

frequency and on the contrast level. Different levels of temporal frequencies with various contrast 

levels result in the temporal contrast sensitivity function (CSF) If the temporal frequency is not 
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high enough, this can result in two different effects, flicker and jerky motion. These effects are 

related to moving pictures (video sequences). 

 

The effect of flicker occurs when the frequency of displayed pictures in a sequence is too low 

(Luther, 1998) and varies with the contrast. The flicker effect occurs due to the frequency in 

which the frames are displayed and is visible as changes in light intensity in the image sequence. 

The displayed images have certain brightness levels and when the consecutive images do not 

follow each other up fast enough, people are able to see a flicker. The critical flicker frequency 

(CFF) is the threshold frequency where humans cannot see that the image flickers anymore. The 

CFF of humans is around 60 Hz under best conditions. The CFF is influenced by image 

brightness, image size and location in the visual field (Luther, 1998). To prevent the flicker 

effect, displays nowadays have at least a frequency of 60 Hz.  

 

Jerky motion (jerkiness) in a video sequence has another cause than the flicker effect. The origin 

of this effect lies in the recording and transmission of the frames. In the HVS, motion is perceived 

and processed slowly and displaying 24-30 pictures/s is already enough to perceive the picture 

sequence as smooth (Luther, 1998). Capturing a video sequence at 24 frames/s or more prevents 

this jerky motion effect. The jerky motion in video sequences nowadays is related to insufficient 

bandwidth to transmit a video, which results in congestions and drop of data information of the 

video sequence.  

 

The temporal masking occurs between frames and reduces the sensitivity of the HVS to temporal 

discontinuities in intensity such as scene cuts and scene changes (Winkler et al., 2001). The 

masking effect around scene cuts can be forward masking (after the scene cut) or backward 

masking (before the scene cut). People do not perceive the parts of the video sequence around the 

scene cut with the same accuracy as they do without scene cuts. In more recent literature there is 

some difference found in the duration of the masking effect just before or after a scene cut. In 

Tam, Stelmach, Wang & Lauzon (1995) the visibility of MPEG-2 coding artifacts after a scene 

cut was studied. The forward visual masking effect was found to last about 33 ms (first frame). 

English (1997) found similar results: in the first frame the masking lasted 33 ms on either side of 

the scene cut. Pastrana,-Vidal, Gicquel, Colomes & Hocine (2004) studied the temporal masking 

effect after a scene cut with a temporal adaptation method. The temporal artifacts were noticed 80 

ms before and after the scene change or scene cut. In all studies the duration of the masking effect 

depends on the different types of scene content.  
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2.1.3 Motion perception 

Motion perception deals with the perception of the direction and speed of the displacements of 

objects and environment in a visual scene. Motion perception can involve real motion and 

apparent motion. Perceiving real motion is the actual displacement of an object or person. Motion 

can also be perceived when the stimuli are not moving at all, which is called apparent motion 

(Watson & Ahumanda, 1985). A common example is when you are waiting for your train to 

depart and look outside to other trains. Sometimes it appears as if your train starts moving, while 

in fact the other train is. A movie also induces apparent motion: separate images are shown in 

such a frame rate that objects and persons in the images appear to move. 

 

Motion can be divided in self-motion and object-motion (department of Psychology, Alberta, 

2001). Self-motion is the motion relation to the environment and related to optic flow, which is 

the perceived motion of an object by an observer when moving along an object. Object-motion is 

the motion in the environment and provides information about object’s distance and shape and the 

environment to the human visual system (Goldstein, 1996).  

 

There are two types of eye movements to perceive an object in motion: detection and tracking. 

Detection is a rapid eye movement between objects and this shift between objects is referred to as 

saccades. A saccade is only used when the eye needs to fixate on an object outside the periphery 

(Sekular & Blake, 2002), such as with reading, or when something moves in the periphery of 

your eye. Motion, especially in the peripheral visual field, attracts the attention (Goldstein, 1996, 

Winkler, et al., 2001). The HVS compensates for the eye movement to achieve a perceptual 

stabile image and can distinguish object motion from eye motion. When the eyes have detected a 

moving object, the object can be followed with the eye by a process called tracking. The moving 

object stays in the centre of the eye, not in the periphery, resulting in smooth eye motion instead 

of saccades. Tracking an object is possible because the HVS combines the direction and speed 

information coded by the neurons with the expectations of an observer about the specific object 

(Sekular & Blake, 2002).   

 

2.1.4 Other influences on perception 

The quality people perceive and judge as such when watching a video is considered perceived 

video quality. Masking effects and sensitivities of the human visual system influence what can be 

perceived. The visual information people perceive does not only depending on the abilities of the 

HVS. The HVS is complex and a lot of the properties of are not yet understood. Parts of the 
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properties are taken into account in MPEG-2 compression, but a lot is still unknown how the 

HVS works. Personal characteristics, assessment methods for perceived video quality and 

cognitive processes also influence the perceived video quality. 

 

Personal characteristics 

Even though the HVS works about the same for different people, personal preferences can play 

an important role in perceiving the video quality. Some people find video quality very important 

and install a home cinema set at home, while others do not care about video quality that much. 

The expectations to video quality can be different for these people and influence the rating of 

perceived video quality, depending on the high or low expectations about the video quality. The 

specific attention for video quality can be linked to the higher cognitive processes that will be 

described in the cognitive processes in this subsection.   

 

Assessment methodology and judgment strategies 

The international recommendations ITU-R BT.500 for subjective assessment for video quality 

describe standardised methodologies for subjective assessments. The main differences between 

the methods are the rating scales used, voting ones (discontinuous) or multiple times in a video 

sequence (continuous) and use of a reference video or not. There are three types of rating scales: 

impairment scales, quality scales and comparison scales. Impairment and quality scales result in 

independent ratings. These scores can be made either continuous or one rating in the end of the 

sequence. The comparison scales result in difference scores, where only one score is made in the 

end of the video sequence (ITU, 2002).  

 

De Ridder (2001) showed that different judgement strategies evoked by assessment methods have 

an influence on the quality judgements of people. The different types of standardised 

methodologies have different composition of the stimulus set and instructions for the participants, 

which influence their judgement strategies. Comparison scaling, single and double scaling 

methods were compared by De Ridder (2001). Comparison scaling entails rating a video in 

comparison to another video, while in single and double stimulus scaling methods respectively 

one or two videos have to be rated. It was found that the composition of the stimulus set hardly 

had an influence on the judgement obtained by comparison scaling. The single and double scaling 

methods however showed order-effect.  
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Cognitive processes 

According to Gazzaniga, Ivery and Mangum, (2002) as stated in Zhong, Richardson, Sahraie & 

McGeorge (2004) the HVS can be considered as a multi-layered system which is respondent to 

e.g. colour, texture, orientation and shape at the lower levels of cognitive processes, and is 

influenced by attention and the kind of task at the higher level.  

 

Taking the response of lower levels of cognitive processing into account, the meaning of a scene 

(gist), luminance, contrast, spatial detail, kind of motion, composition all have an influence on 

perceived video quality. In perceived video quality studies, the types of video sequences that are 

often used are based on existing videos, which can be categorised in e.g. sports, action, animation 

documentary and soap. These video categories differ a lot in above-mentioned aspects, and thus 

influence the subjective quality (Van den Ende, 2005, McCarthy, 2004).  

 

Higher cognitive processes such as attention and the task of the observer also have an influence 

on perceived video quality. People use their visual system with a goal and that literally narrows 

your vision to that which is relevant for you and which is not relevant is most likely not seen. The 

impairment in perceiving the change or appearance of unattended objects is called inattention 

blindness (Sekular & Blake, 2002). A special form of inattention blindness that illustrates the 

inability of people to perceive everything is change blindness. This entails that people fail to 

notice on otherwise conspicuous change in visual information. Some errors in a video might be 

‘missed’ due the lack of attention. Inattention blindness shows that people do not see everything 

with the same accuracy. In this way, people might not perceive artifacts.  

 

Attention can also be diverted due to the task at hand. As described in 2.2.2., the instructions of 

either rating a video sequence by itself or rating the video sequence in comparison to another 

video sequence had an influence on the quality results. The task could have had a different 

influence on the ratings, because participants watched the video with a different goal. Zhong, et 

al. (2004) also found an influence of task and video content on perceived video quality. The term 

scene content in this study referred to the background information and the figure on the 

foreground. The task-instructions were either: no instructions concentrate on main figure or 

concentrate on background. The results of the eye tracker showed that people automatically tend 

to look at the foreground figure and do not focus that much on the background of the video in 

rating perceived video quality, regardless of the task. It seems that the attention of the participants 

was automatically directed towards the part of the scene that is expected to have the highest 
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importance for people. Ratings about the perceived video quality are most probably based on 

parts of the video sequence.  

 

2.1.5 Summary 

The HVS is less sensitive to high spatial frequencies (e.g. grass) than low spatial frequencies (e.g. 

smooth surface). The visual information people are able to perceive is more complex than just 

looking at the spatial and temporal contrast sensitivity function and masking effects. These 

bottom-up properties of the HVS are taken into account in video compression. Top down 

processes like personal characteristics, assessment methods and cognitive are not taken into 

account, but have an influence on perceived video quality as well.  
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2.2 Video compression and transmission 

MPEG stands for Motion Picture Expert Group, which is responsible for the international 

standards for moving picture video compression (Mitchell, Pennebaker, Fogg & LeGall, 1996). 

Video compression means reducing the amount of image data, which is necessary for efficient 

storage and sending of image data. Depending on the reduction of the image data, visible 

distortions (artifacts) for the human visual system can be introduced. In this chapter, first an 

overview of different compressions standards is given before the MPEG-2 algorithm is explained 

in more detail. This is followed by the issues of wireless transmission and the adaptation methods 

which are developed to pre-empt on issues with wireless transmission.  

 

2.2.1 MPEG standards 

There are several standards defined for compression, MPEG-1, -2 and -4, but also standards for 

describing multimedia content, MPEG-7 and -21. The standards are defined for different goals as 

can be seen in the list below. 

• MPEG-1 : block-based coding for CD-I media  

• MPEG-2: block-based coding for digital broadcasting, HDTV and DVD storage.   

• MPEG-4: object-based coding for multimedia in fixed and mobile webs 

• MPEG-7: description and search for multi media objects 

• MPEG-21:description to search, assess and protect the copyrights of the whole 

multimedia framework  

(MPEG homepage, August, 2007) 

 

The focus of this study will be on MPEG-2, because the issues that will be looked at in this 

research are about digital broadcasting. In the MPEG-2 standard the generic coding of moving 

pictures is described. MPEG-2 plays a central role in most digital television broadcasting over the 

whole world. This standard can also handle high definition television (HDTV), which is an 

upcoming technology. In figure 2, an overview is given of the relevant levels in which a video 

sequence is divided for the MPEG-2 algorithm.  
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Figure 2 illustrates the levels of MPEG-2 coding. Video sequence is divided into group of pictures, 

consisting out of 12 or 15 frames. A frame is build up out of macroblocks, the main building blocks of 

MPEG-2. In a macroblock a common luminance/chrominance arrangement is four luminance blocks 

per two chrominance blocks. The squares represent the luminance (y) samples and the circle represents 

both chrominance samples. 

 

A video sequence is divided in group of pictures, GOP’s, which consist out of i.e. 12 or 15 frames 

in a fixed GOP. A frame is built up out of macroblocks, which are the basic building blocks of 

MPEG-2. A macroblock consist out of luminance (greyscale) and chrominance (colour) 

components. A common luminance/chrominance ratio in a macroblock is 4:2:0, meaning that for 

every four luminance components, there are two chrominance components (Mitchell et al., 1996).  

 

2.2.2 MPEG-2 compression algorithm 

The block-based compression algorithm MPEG-2 takes advantage of the similarity in pictures in 

a video sequence. The upper three panels in figure 3 show how pictures can be fully represented. 

In MPEG-2, the pictures are block-based compared with each other to find and remove the 

similarities in the image data.  

 

Spatial redundancies are redundancies that can be found within a frame (picture), as can be seen 

in figure 3, panel A: the majority of the frame is air. Temporal redundancies are redundancies that 

can be found between frames, as can be seen in figure 3, panels A, B and C: only the ball moves, 

the rest of the image is similar.  
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Figure 3 represents in the upper sequence images that are represented with all image data. In the 

lower sequence represents the way MPEG-2 represents the image. In the latter, only the changes in 

the image are coded again.  
 

However, in MPEG-2 more than redundant data is removed to get a higher compression. This 

perceptually lossy compression technique introduces visible distortions (artifacts) for the HVS. 

Severities of the introduced artifacts depend on how much information is lost. Perceptually lossy 

compression is thus always a trade-off between data reduction and video quality. 

 

To take advantage of the similarities in and between frames, three types of frames are encoded in 

MPEG-2:  

• Intra (I) coded frames,  

• Predictive (P) coded frames  

• Bidirectional predictive (B) coded frames.  

 

Intra (I) coded frames can be regarded as JPEG images (picture) and are coded with the data 

information from that frame only. I-frames provide random access points in the compressed video 

stream. Random access points enable fast-forward and fast-backward in the video stream. 

Predictive (P) coded frames are coded using data from the nearest previous I- or P frames in the 

video sequence (both intra- and inter-coding). P-frames use forward prediction, which enables 

higher compression than in an I-frame. Bidirectional predictive (B) coded frames are coded 

using data information from the nearest prior and upcoming I- and P-frames in the sequence 
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(inter-frame coded). The use of both I- and P-frames as a reference is a technique called 

bidirectional prediction and results in the highest compression of the three types of frames. There 

is a trade-off between random excess (I-frames) in the video and high compression (B-frames) 

(Mitchel et all, 1996). 

 

The I-, P- and B-frames are displayed in a fixed order within a GOP and this order is illustrated in 

Figure . 

 
Figure 4 shows the display order of a group of picture.  

 

The sending order of the video is different and has the following order: I P BB P BB P BB P BB. 

The display order is different from the order in which the frames are sent, because the P-frame 

needs to be encoded to be able to make the predictions used to encode the B-frames. 

 

Motion compensation 

Both P- and B-frames use predictions for motion in a video sequence. Motion compensation 

involves motion prediction by only coding the differences between moving areas of a previous (or 

future) frame coded in respect to the current frame (Mitchell, 1996). Motion estimation is the 

process of estimation of the moving parts in a frame and assigning motion vectors to that part. 

Motion estimation is part of motion compensation. An area of a frame is compared the next frame 

and as soon a match is found between the areas of the coded and reference frame, a vector is 

assigned, indicating the displacement of the part of the frame. The reference and the coded frame 

are subtracted to get the residual coding which contains much less information than the original 

frame. Motion compensation results in additional compression of the video sequence.  

 

I-frames and the residual coding of the P- and B-frames are further compressed by re-organising 

the data using discrete cosine transformation, quantisation and data redundancies. 

Compression, thus the removal of spatial and temporal redundancies can lead to MPEG-2 related 

artifacts, which will be illustrated in sub-section 3.2.1.  
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Figure 5: quantisation of data result in 

less accurate representation. 

(Image source: diracdelta.co.uk) 

Discrete Cosine Transformation 

The original frames are represented in grey shades in the pixel domain. The pixel data from the 

pixel domain is transformed by discrete cosine transformation (DCT) to frequencies from 0 

(black) to 255 (white) in the frequency domain. The advantage of this transformation is that 

sensitivity to spatial frequencies can be further exploited. Also, the frequencies are de-correlated 

and be further compressed independently, unlike the pixels. DCT is a lossless transformation of 

the data, meaning that the image information is preserved and thus does not visibly affect the 

video. 

 

Quantisation  

After discrete cosine transformation, the frequencies are 

quantised. Quantisation means that the data is represented 

with less precision than the DCT coefficients as illustrated in 

figure 5. High quantisation values result in lower precise 

representation of the DCT coefficients and thus in more 

compression of the frequency data. Quantisation is a lossy 

transformation, thus the original image information cannot 

be retrieved anymore. Quantisation can visibly affect the 

video sequence.   

 

Coding redundancy 

After quantisation, coding redundancies 

are removed from the data. This means 

that code words can be replaced by 

shorter code words. First the data is 

ordered in a zigzag order (figure 6) to 

arrange the spatial frequencies in 

ascending order (Mitchel, 1996).  

 

Second, the string is transformed using variable length coding (VLC). The VLC is used to re-

write the information from the example in Figure: 168, 0, -1, 0, 0, …0 is replaced by 168, 0, -1, 

8x0…  , which is used to create that shorter code (Fischer, 2004). Usually Huffman coding is 

used for the last reduction of the code word length. The most frequent occurring code word is re-

Figure 6: zigzag ordering of the spatial frequencies to put the 

high spatial frequencies in the beginning of the string and the 

low spatial frequencies in the end. (Image source: 

ww.cmlab.csie.ntu.edu.tw) 
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coded to the shortest code word and the least frequent occurring code word is re-coded to the 

longest code word.   

 

2.2.2 Wireless transmission of MPEG-2 compressed video 

MPEG-2 compression reduces the amount of data to make it possible to store and transmit the 

data efficiently. Especially, in transmission, the compactness of the data is important. 

Transmission of data can be done over wired networks but also over wireless networks. Even 

though the wired networks are more reliable and faster than wireless networks, wireless networks 

are becoming more popular, because people prefer not to have cables all around the house.  

 

A common used protocol for wireless local area networks (WLAN) is IEEE 802.11 or Wireless 

Fidelity (WIFI). IEEE 802.11b and 802.11g are commonly used standards within this protocol, 

using the 2.4 GHz band to transmit data (Gast, 2005). The 2.4 GHz frequency band is licence free 

and does not have a predefined purpose, which makes these WLAN protocols highly accessible. 

This is also a drawback, because various other kinds of equipment also use this frequency band: 

wireless transportation of video data is done over the same frequency band used for, e.g., the 

mobile phone. The additional use of a mobile phone in the same bandwidth of this frequency 

band results in inference signals, which might not leave enough bandwidth for the video signal. In 

addition, signals like a microwave signal, can easily distort the wireless connection as well. The 

variability in available bandwidth can lead to loss of data, which in turn can lead to re-

transmission of the data.  

 

The 802.11b standard can theoretically transmit up to 11 Mbps (IEEE Std 802.11b-1999) and the 

802.11g standard even up to 54 Mbps (IEEE Std 802.11g™-2003). The actual transmission speed 

is not that high. The wireless transceivers are in general half-duplex, which means that sending 

and receiving is not possible at the same time (Gast, 2005). Changing in sending and receiving 

directions and re-transmission of data all together cost a lot of overhead, which has an influence 

on the transmission speed. 
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2.2.3 MPEG-2 adaptive coding  

Wireless networks are prone to disturbances, resulting in a variability of the available bandwidth. 

Network disturbances often result in data loss or data delay due to retransmission of parts of the 

data. To prevent the loss of information due to network issues, adaptation methods are used and 

developed to pre-empt on these network issues. The advantage of using adaptation methods is 

that, instead of random loss of information, the loss is controlled. In the present study two 

adaptation methods used in Philips Research are taken into account: I-Frame Delay and 

TransCoding. 

 

I-Frame Delay (IFD) is an adaptation method that drops the least important frames (B-frames) if 

there is not enough bandwidth available (Van den Ende, de Hesselle and Meesters, 2007). I- and 

P-frames are not dependant on B-frames, so the drop of a B-frame does not affect the I-frame and 

P-frames. This independency is only applicable to the B-frame. Depending on the shortage of 

bandwidth, a ratio of B-frames can be dropped and if necessary, P-frames (medium important) are 

dropped as well. The drop of frames leads to a lower frame rate, meaning that the video 

information can be send over with less available bandwidth. Note that the quality of each frame 

stays the same. IFD is an adaptation method that can introduce temporal artifacts, which are 

related to the amount of change in consecutive frames over time. The amount of motion in a 

video sequence has an influence on the severity of the artifacts. Higher drop of B-frames, result in 

more loss of motion information and has an influence on the smoothness in which the video 

sequence is played. 

 

TransCoding (TC) is an adaptation method that can be used to transform media within the same 

media to a different format. Transcoding to a different format can involve an algorithm to change 

framerate, bitrate or image resolution (Jarnikov, 2007) and in this study TransCoding involve 

changing the bitrate In theory, TC used a feedback loop to rescale the bitrate of the video 

sequence on the fly if there is not enough available. If there is not enough bandwidth available, 

the DCT components of the I-frames and the residual coding of the P- and B-frames are re-

quantised, which lowers the bitrate. Re-quantisation is done by dividing the DCT components and 

multiplying them by 8 (bits). Framerate stays the same but the overall quality of each frame is 

decreased. TC is an adaptation method that can introduce spatial distortions, which are related to 

the spatial detail in the video.  
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2.2.4 Summary 

The MPEG-2 compression is a block based algorithm which is commonly used in broadcast and 

storage of video content. Additional artifacts are introduced by transmission issues and as a 

consequence of transmission issues also by the adaptation methods IFD and TC and are referred 

to as the video characteristics, which influence the video signal. These video characteristics are 

only introduced when there are issues with the available bandwidth and are more visible because 

the video is played out under less than optimal conditions. IFD and TC introduce different types 

of artifacts, which are related motion for IFD and related to texture and detail for TC. Different 

methods introduce different artifacts and in turn have other perceptual effects on perceived video 

quality. 
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2.3 Video quality  

MPEG-2 compression, transmission and the adaptation methods all introduce similar MPEG-2 

related artifacts in a video signal. The quality of the video sequences can be measured with 

objective quality measures.  

 

2.3.1 MPEG-2 coding artifacts 

The temporal and spatial adaptation methods can introduce temporal artifact and spatial artifacts. 

In Yuen & Wu (1998) all kinds of MPEG related coding artifacts introduced by video 

compression algorithms are evaluated and classified. The relevant temporal and spatial related 

artifacts for this study are listed below. 

 

Temporal artifacts 
 

Jerkiness 

Instead of looking to a continuous, smooth video, the video looks like discontinuous images. 

(Motion) jerkiness is a manifestation of an insufficient display framerate. This happens in video 

sequences containing high motion, but can also happen in low motion video sequences if the 

jerkiness is caused by transmission delays of the video signal to the decoder.  

 

 

 

 

Spatial artifacts 
 

Blocking effect 

MPEG-2 is a block-based algorithm, 

transforming and comparing image data in bocks 

of 8x8 pixels. The blocking effect occurs in the 

reconstruction of the 8x8 blocks after DCT when 

discontinuities can be found at the boundaries of 

adjoining blocks in that reconstructed frame 

(figure 7). The visibility of the blocking effect is 

most visible in smoothly textured areas.  

 

 
Figure 7 shows the blocking effect (image 

source: monash univeristy, Australia, 2007) 
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Blurring 

The blurring effect involves the loss of spatial detail 

and reduced sharpness of edges. The cause for this 

effect is in the coarse quantization of higher-order 

DCT coefficients (figure 8). The blurring effect 

occurs in moderate to high spatial activity regions of 

frames, such as in roughly textured areas or at the 

edges of objects.  

 

 

 

 

Ringing 

Ringing is an effect that looks like a shimmering or 

rippling outwards from the edge up to the surrounding 

block’s boundary, as can be seen in figure 9. This is 

caused by the higher-frequency basis images that play a 

significant role in the representation of an edge; the 

quantised reconstruction of the block will include high-

frequency irregularities. This artifact is most evident in 

high contrast edges in areas of generally smooth texture. 

 

 

Figure 9: ringing effects (image 

source: gisdevelopment.net, 2007)) 

Figure 8 shows the blurring effect (image 

source: signal and image centre of RMA 

Belgium, 2007) 
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2.3.2 Objective measures of video quality 

The amount and severity of MPEG-2 related artifacts as mentioned in the previous part are 

dependent on temporal and spatial characteristics of the video content. The difference in temporal 

and spatial characteristics can explain why some video sequences can be compressed almost 

without error while other video sequences shows strong blocking effects (Fischer, 2004). The 

influence of the temporal and spatial artifacts on video content can be assigned by a value through 

an objective quality measure. An objective quality measure is a mathematical model that attempts 

to measure and predict quality as if the quality was perceived by a human being.  

 

Objective measures are fast and reliable ways to get an indication about the video quality. The 

speed and consistency of an objective measure is attractive for engineers to use this quality 

measure instead of subjective quality measures. The disadvantage of a lot of objective measures 

is that the objective measures do not correlate very well with the subjective assessment of video 

quality (Wang, Sheikh & Bovik, 2003). The ecological validity of an objective measure is thus 

low. Even thought objective measures do not correlate very well, it is commonly used by 

engineers and therefore also used in this study, besides subjective assessments of video quality. 

 

Objective measures can be divided into three classes: full reference method (FR), reduced 

reference method (RR) and no reference method (NR) (Wang, Bovik, Sheihk & Simoncelli, 

2004). The most commonly used FR metric is the Peak Signal to Noise Ratio (PSNR). The PSNR 

is a weighted error of the adjusted video in comparison with the reference. PSNR can be used for 

comparisons within a scene and is a relative easy model. The disadvantage PSNR is that the 

measure does not correlate very well with the subjective assessment of video quality (Wang et al., 

2003). Numerous approaches were introduced that take the characteristics of the HVS into 

account, but none of them have excelled. It appears that there is not much success in correlation 

of these metrics and the subjective assessment (Wang et al., 2003). 
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2.3.3 Influence of motion on objective video quality 

The amount of motion (in combination with the spatial detail) determines the complexity of 

coding the video sequence to obtain a certain level of video quality (Wolf & Webster, 1997). 

Motion compensation in high motion MPEG-2 video, like in action movies or in sports, more bits 

are required to code the video on the same quality as a low motion video, just like in some 

documentaries or with newsreaders in news broadcast. 

 

The expectation that objective video quality depends on the adaptation method and amount of 

motion is confirmed by Wu, Claypool & Kinicki (2006). They introduced an objective measure 

that captures the quality distortion of streaming MPEG while either removing a ratio of B-frames 

(temporal adaptation method) or by using higher quantisation values to encode each MPEG frame 

with lower precision and fewer bits by removing low order bits from each DCT coefficient 

(spatial adaptation method) (Wu et al. (2006). Their result showed that for high motion videos the 

objective quality ratings were higher for the spatial adaptation method than for the temporal 

adaptation method. The quality of low motion videos using the temporal adaptation method 

provided similar objective video quality as the spatial adaptation method.  

 

In Lan, Nguygen, & Hwang (1999) and Bocheck & Chang (1996) motion is split up in local 

motion and global motion. The separation in motion was used in both studies to take advantage of 

the scene content to reduce the bitrate, while keeping the quality similar. Lan et al. (1999) defined 

local motion as all object motion that affect significant proportion of the image. Global motion is 

defined as the motion that affects the whole images and includes zooms, pans and rotations, 

which can be related to camera motion. Each scene in a video sequence can be coded differently 

depending on the amount and magnitude of local and global motion. Motion was measured with a 

proposed motion analysis method by the authors. In Lan et al. (1999) it appeared that motion 

influences objective video quality, which was measured using the signal to noise ratio (SNR). 

Using less reference frames in low motion areas and only use more reference frames in high 

motion areas reduced the overall bitrate, while maintaining the same SNR. The reduction in the 

variable bitrate ranged from 2% to 14% compared to the fixed bitrate. So, the low motion parts 

could be represented with less data than the high motion parts, without changing the SNR value. 
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In Lan et al. (1996) it was showed that the in-scene motion (object) motion and the camera 

motion (global motion) have an influence on the objective video quality. Looking more closely to 

the in-scene and camera motion, it can be seen that the change in visual information in a video 

sequence is different when the change is caused by in-scene motion and camera motion. With in-

scene motion (no camera motion) only the position of the object in the video sequence changes 

and not visual information of the background show as shown in the upper panel of figure 10. The 

visual information of a video sequence that contains camera motion both influences the visual 

information of the whole image, both object and the background, as shown in the lower panel in 

Figure 10.  

 

 

In MPEG-2, if there is only in-scene motion (upper panel), just motion vectors are necessary for 

the displacement of the ball. If there is camera motion (lower panel), there are motion vectors 

necessary for both the tree and the ball. The different types of motion necessitate different ways 

of compression in the algorithm. IFD must have another effect on the video signal of video 

sequences with various scene motion characteristics than TC, because IFD drops frames that are 

related to motion estimation. Is the different influence of in-scene and camera motion on the 

video signal perceptible for human beings? 

 

Figure 10: motion induced by in-scene motion and camera motion 
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2.3.4 Influence of motion on perceived video quality 

The influence of motion on the objective video quality does not have to be the same on the 

perceived video quality. Motion draws the attention of people (Goldstein, 1996), and might draw 

attention to other areas of the video, which can have a masking or facilitating effect. Part of the 

cognitive processes that influence perceived video quality is motion. 

 

In Tripathi & Claypool (2001) the influence of different scaling techniques on perceived video 

quality was tested, taking motion into account. Temporal adaptation method entails the drop of B-

frames (same as IFD) and spatial adaptation method entails the level of quantisation, resulting in 

lower quality, colours and detail. The level of motion (low vs. high) was determined with an 

objective measure looking at the macroblocks in the B-frames. User studies showed that in the 

low motion clip, the temporal adaptation method was rated better than the spatial adaptation 

method. In the high motion clip, the spatial adaptation method performed consistently better than 

the temporal adaptation method. 

 

In De Hesselle (2006) a user study was conducted to see if there is a difference in perceived video 

quality between the temporal adaptation methods IFD and the spatial adaptation TC in short term 

losses, which occur in wireless transmitted video. The results showed that there is a difference in 

perceived video quality of IFD and TC for different scenes. TC was rated higher than IFD in 

scenes with high camera motion and moderate to low in-scene motion. IFD was rated higher than 

TC when in-scene motion was high and camera motion moderate. It was considered that type of 

motion, i.e. in-scene motion and camera motion, had an influence on perceived video quality.  

 

As described in 2.1.4, it is expected that in-scene motion has more influence than background 

motion. The results of the two studies are opposite as can be seen in Table 1. 

Table 1 

motion Spatial (TC) Temporal (IFD)  

Low   better Tripathi & Claypool 

High better  Tripathi & Claypool 

High in-scene 

Moderate camera  

 better De Hesselle 

Moderate in-scene  

High camera  

better  De Hesselle  
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2.3.5 Summary 

The artifacts that can be introduced in a video sequence can be temporal and spatial. The 

influence of the artifacts can be measured with objective quality measures. Motion seems to give 

a contribution to objectively determined video quality as well. The objective measurements show 

that motion influences the objective quality rating for IFD and TC. In Tripathi & Claypool (2001) 

and De Hesselle (2006) it is shown that this is also the case for subjective assessments.  
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2.4 Hypotheses  

The results Tripathi & Claypool (2001) and De Hesselle (2006) give an indication that motion, 

even specific kinds of motion, has an influence on perceived video quality. How come people 

perceive differences in video quality even though the same adaptation methods and compression 

algorithm are used? Is there really a different perceptible contribution of the scene motion 

characteristics?   

 

To answer the main research question: 

What is the influence of the introduced temporal and spatial artifacts and scene motion 

characteristics on perceived video quality? 

 

The temporal artifacts are mainly introduced by IFD and the spatial artifacts are introduced by 

TC. The scene motion characteristics are in-scene motion and camera motion.  

 

The following hypotheses are tested:  

 

H1:  Perceived video quality of moderate motion video sequences processed with TC will be 

rated better than IFD and videos with low motion video sequences processed with IFD 

will be rated better than videos processed with TC. 

 

H2: Perceived video quality of video sequences processed with TC will be rated better than 

videos processed with IFD.  

 

H3 In-scene motion has more influence on perceived video quality than camera motion. 

 

H4:  Scene content influences perceived video quality ratings of video sequences in similar 

motion conditions. 
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3. Motion and perceived video quality  

It was found that motion has an effect on perceived video quality (Tripathi & Claypool, 2001, De 

Hesselle, 2006). In the previous studies, different types of videos are used and it is not sure that 

the results of previous studies can be linked to just the scene motion characteristic. Before video 

material is made to test the influence of the scene motion characteristics, the repeatability of 

these studies is checked. The study of De Hesselle (2006) was also conducted at Philips Research 

and therefore the data of his experiment was available to be able to replicate this study.  

 

In section 3.1 the background information is given about the study of De Hesselle (2006). In 

section 3.2 the study of De Hessele (2006) was replicated.  

 

3.1 Background motion study 

In the original study of De Hesselle (2006) five different video fragments were used. Three of 

these videos were not taken into account due to the number of scene changes. De Hesselle (2006) 

found that the highest quality ratings for IFD and TC switched with the two scenes soccer and 

penguins (figure 11). The experiment leader rated the in-scene motion and the camera motion. 

Soccer was rated as having ‘high’ in-scene motion and ‘low’ camera motion while penguins was 

rated as having ‘low’ in-scene motion and ‘high’ camera motion. The quality of the penguins 

scene, adjusted with IFD (drop of B-frames) was rated worse than TC (change in bitrate 4-2 

Mbps), while IFD was rated better than TC in the soccer scene.  

 

Figure 11: Soccer and penguins scene. 
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3.2 Replication of motion study 

The set up of the experiment was as similar to the study De Hesselle (2006) as possible to prevent 

other effects from interfering.  

 

3.2.1 Experimental design  

This was a within-subject design with three independent variables: adaptation method (IFD vs. 

TC), length of distortion (1s vs. 5s) and scene (penguins vs. soccer). Perceived video quality was 

the dependent variable.  

Table 2 shows comparisons between all adaptation methods and belonging distortions lengths. In 

total, 24 comparisons are made in this study, because there are 12 comparisons and 2 video 

fragments. 

 

Table 2: the adaptation methods with the two kinds of distortion lengths.  In condition 1, the pairs 

IFD1s (‘A’) and IFD5s (‘B’) were compared, where 'B' was rated in comparison to 'A'.  

 IFD1s IFD5s TC1s TC5s 

IFD1s  Condition 1 Condition 2 Condition 3 

IFD5s Condition 7  Condition 4 Condition 5 

TC1s Condition 8 Condition 9  Condition 6 

TC5s Condition 10 Condition 11 Condition 12  

 

The study was split up into two sessions and 12 pairs of short video sequences were shown in 

each session. The video sequences were pseudo-randomly ordered to prevent order effects.  

 

Assessment method 

Direct Comparison (DS) was used to assess the perceived video quality. Before a video started, a 

grey field was shown for 3 seconds with a letter indicating whether the first video, 'A', or the 

second video, 'B', of the video pair was shown. Each video lasted 10 seconds. The video pair was 

shown twice. The first presentation of a pair was used to get familiar with the videos, and during 

the second presentation video 

'B' could be judged in 

comparison to video 'A'. The 

video sequence for each video 

pair is illustrated in figure 12. 

 

 

Figure 12 shows the order of a video sequence   
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The participants had to rate the quality of ‘B’ in comparison to ‘A’ on a slider box with a 7-point 

category scale, labelled from much better, better, slightly better, the same, slightly worse, worse 

and much worse. Participants indicated their vote by placing the slider next to the label and 

confirmed their judgement by pressing a button. There were two slider boxes available, allowing 

two participants at the same time in one session to participate in the experiment. 

 

3.2.2 Participants 

In this study, 12 persons, 7 male, 5 female, between the age of 23 and 53 (mean age 30) 

participated in this study. All participants are either students or employees of Philips research, 

without working experience in video quality or video coding. All participants were tested for 

colour deficits using the Ishihara test for colour blindness and tested for visual acuity using the 

Landolt C-chart. None of the participants turned out to have a colour deficit. One participants had 

a visual acuity of .8/.8 (left/right) and one participant had a visual acuity of .5/1 (left/right); all 

other participants had (corrected) acuity of 1/1. The participants with less than normal visual 

acuity were checked for influencing the results, but this turned out to be not the case and therefore 

all data were used in the statistical analyses. Participants were rewarded for their participation.  

 

3.2.3 Apparatus 

The experiment was conducted at Philips Research Eindhoven. The lab had a living room setting 

(figure 13). The viewing distance was 5 times the screen height, resulting in a distance of 2.5 m 

from the screen. The horizontal viewing angle was 19°, and the vertical viewing angle 11°. 

  

Figure13: Set up from the back to the front and the side  

 

Source material 

The original videos as described in De Hesselle (2006) were taken from different sources. The 

original penguins video was taken from a Philips Pal DVD and the soccer video was taken from a 
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website offering a 7.5 Mbps MPEG-2. The soccer video had to be scaled up from a resolution of 

608x480 to 720x576. The video sequences used were re-encoded to 4 Mbps. In this study, the 

focus is on the influence of scene motion characteristics and therefore all video sequences were 

played without their audio component.  

 

Display 

A Philips 42” plasma display, model 42PF9966-12, was used in the test setting. The settings of 

the display are specified in appendix A and were taken from De Hesselle (2006), who used the 

same display. The display was connected through a DVI cable to the computer and the display 

resolution was set on 800x600. 

  

Data analyse method 

The data analysis is done with DifScal, an analysis tool used for paired comparison data 

(Boschman, 2001). The underlying model of DifScal is the Thurston's scaling model. People are 

not good in directly report their perceived attribute strengths for the presented stimuli (Boschman, 

2001). In perceived video quality experiments it would mean that people have rate the difference 

in perceived video quality to be twice as good for example. Therefore, scaling can be done 

indirectly and the Thurstone scaling model (Thurston’s law of comparative judgments) is such an 

indirect measure method.   

 

Thurstone’s judgment scaling methods are used to locate stimuli on a psychological continuum in 

such a way that the responses of the participants are meaningful (Torgenson, 1958). Thurstone 

claimed that a discriminal process mediates each psychological magnitude and every stimulus, 

which is presented to an observer, gives rise to a discriminal process (Torgenson, 1958). The 

discriminal process is introduced to get around the term ‘sensation’, which is the latent variable. 

In this study the sensation of video quality is measured. The scaling is done by deducing 

equations that relate judgments of relations among stimuli, made by observers, to the scale values 

and dispersions of the stimuli on the psychological continuum (Torgenson, 1958).  

 

In DifScal the same constrains as in Thurstone Case V of one-way classification is used 

(Boschman, 2001): 

• attribute values of all stimuli pairs are uncorrelated 

• dispersions of all conditions are equal 

• subjects use fixed intervals corresponding with the different categories 
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The consequence of these assumptions is that the standard deviation is independent of the 

stimulus pairs and hence constant. The results from DifScal are estimated scale values with 

corresponding S-estimates. The S-estimates are an estimation of the error of the scale value 

(Meesters, 2002), which can be treated as standard errors. These S-estimates ranges must be 

separated by half the width of the error bars before the results can be considered significant 

(Munger, 2007).  

 

3.2.4 Procedure  

Participants were first tested for colour deficits and visual acuity. Before the experiment starts, a 

short training session was shown. The training session consisted out of four video pairs and was 

used to let participants become familiar with the video data and the range of distortions. The data 

from this training session were not used in the data analysis. At most, two participants could 

participate in the same session. In total, the study took about 40 minutes. 

 

3.2.5 Results 

The data of the study were analysed using DifScal. The results can be found in figure 14, 

providing the scale values and the standard errors of each adaptation method per distortion 

lengths. To be statistically significant the scale value ± s-estimate has to be separated by at least 

the s-estimate value. For both penguins and soccer the S-estimate was .13, which means that the 

error bars have to be separated by at least .13 to be statistically significant.  

 

The 1s distortions are always rated better than the 5s distortions of the same condition. 

In penguins a preference for IFD5 compared to TC5 could be found, while in soccer a preference 

for TC5 could be found compared to IFD5. For penguins, IFD5-TC5 is significantly different. 

(diff. = .705, p < .05), while in soccer is not stat. significantly different (diff. = .118, p, .05). IFD1 

and TC1 are not statistical significantly different for both penguins and soccer.  
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Figure 14: mean values and error bars for penguins and soccer.  The preference for an adaptation 

method in the 5s distortion conditions are opposite depending on the video. 

 

3.2.6 Discussion 

 Even though the results of the 1s distortions are similar to De Hesselle (2006) the results of the 

study are questionable. These results are considered questionable because they are neither in-line 

with Tripathi &Claypool (2001) nor the replication study. On the contrary, the results of the 5s 

distortions are opposite. It is not clear what the explanation for this opposite effect is, but 

considering the results confirm that motion has an influence on perceived video quality, the 

influence of motion will be looked upon more closely in the next chapter.  
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4. New video material 

In perceived video quality experiments video sequences are used which differ in scene content 

(e.g. illumination, detail, colour, meaning of a scene, motion, and composition). The human 

visual system responds with different sensitivity to the just mentioned differences in scene 

content. Creating new stimuli are a necessity, because there are no stimuli at hand suitable for this 

study. Stimuli are considered suitable when the meaning of the scene and other characteristics 

e.g. illumination are kept as constant as possible and the scene motion characteristics (i.e. in-

scene motion and camera motion) are manipulated in a systematic way. In section 4.1 the choices 

of scene content and scene motion characteristics of the created video material will be explained. 

The scene motion characteristics will be subjectively assessed in section 4.2 to confirm 

distinctive motion labels. In section 4.3 motions will be objectively measured to see if an 

objective measure can make a distinction between scene motion characteristics 

 

4.1 Creation of video material 

Realistic video sequences like e.g. sport, action, animation documentary and soap are used in 

video quality studies. The scene contents can be different in each video and differences in scene 

content have an influence on perceived video quality results (McCarthy, 2004, Van den Ende, 

2005). The meaning of a scene (gist) in combination with individual viewing preferences (e.g. 

(dis)liking action movies) might an influence on perceived video quality. Three different types of 

scene content were created to cover different types of scene contents.  

 

Scene content 

The way people categorise image content was used to determine the different types of scene 

content. Klein Teeselink et al. (2000) found that people categorise images in a way that reflects 

content. The presence or absence of people in the images was the first categorisation used to 

subdivide images followed by landscape vs. buildings/objects. Taking into account that people, 

landscape and objects are important parts in a picture, three types of scenes were created which 

can be found in Table 3.  

 

Table 3: categories of the different scene types  

 indoor outdoor 

people gym walk 

objects train  
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Scene motion characteristics 

The separation of object and self-motion as explained in section 2.1.3 can be translated to the 

motion which occurs in video recordings. Object motion is similar to in-scene motion and self-

motion to camera motion. In-scene motion involve the motion of people and objects in a scene 

and a many in-scene motions in a video sequence are visible as displacements in a two 

dimensional plane. In the created stimuli there is a difference between human motion (gym and 

walk) and object motion (train). Camera motion involves the motion of the camera in relation to 

people and objects. Camera recordings are made with a camera mounted on a tripod to prevent 

the capturing of the movements of the cameraman. The most common types of camera motions 

used are listed in figure 15. 

 

Camera motion   

   

Pan: lateral sideways trunk: horizontal sideways  Dolly (in/out): towards or away 

from the object. 

   

Tilt: lateral up and down Pedestal: vertical up and 

down  

Zoom (in/out): similar to dolly, 

only camera does not move 

Figure 15: common types of camera motions when recording video sequences (image source: 
www.tv-handbook.com) 

 

In video recordings, usually there is a combination between the amount of in-scene motion and 

the amount of camera motion. Two levels of motion both in-scene and camera motion was chosen 

to study, resulting in four types of stimulus sets for each scene, i.e. gym, walk and train ( 

Table 4).  

 

Table 4: the scene motion characteristics for each scene 

Scene: i.e. gym, train and walk In-scene motion 

  low moderate 

static 1 2 
Camera motion 

moderate 3 4 
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Gym is a scene that involves five people in a 

gymnasium. In-scene motion is at the same 

place for low motion (stretching arms, legs) 

and the moderate motion is also around the 

same place, with a bit bigger motions 

(jumping and marching). Static camera 

motion was a shot on the place and 

moderate motion contained an arc 

displacement of about 15m. The amount of 

motion is visualised below the picture. 

 

Walk is a scene that involves two persons 

outside in a green environment. In-scene is 

at the same place for low motion (talking 

people) and for moderate motion people 

were walking strait ahead for about 10-15m. 

Static camera motion was a shot on the 

place and moderate camera motion 

contained a horizontal displacement of 

about 10-15m in line with the walk 

direction. 

 

 

Train is a scene that involves a miniature 

train recorded in lab. In-scene and camera 

motion were both circular type of motions.  

In the low in-scene motion, the train made a 

half circle in 10s and in the moderate in-

scene motion, the train made 1.5 turn in 10s.  

Static camera motion was a shot on the 

place and camera motion was in line with 

the motion of the train.  

 

 

low and moderate  in-scene  moderate camera  

low + moderate 

in-scene 

moderate camera 

low + moderate 

in-scene 

moderate camera 



 46 

As mentioned in subsection 2.1.5 scene changes are not taken into account, because of possible 

masking effects. In this study the focus is solely on the effects of motion and adaptation methods 

on perceived video quality. Also, the audio component of the data stream is not taken into 

account. At this point in time, the stimulus sets were recorded using a camcorder. After subjective 

assessment of the scene motion characteristics, the stimuli sets will be captured at professional 

MPEG-2 quality in YUV 4:2:0 format. 
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4.2 Subjective assessment of the scene motion characteristics 

The scene motion characteristics were subjectively assessed to legitimate two levels of motion 

for both in-scene and camera motion that were chosen in section 4.1.  An additional assessment of 

the train scene was necessary to further differentiation in the levels of motion in the video 

sequences. The final results of the additional assessment of train are provided in the result 

section. It should be taken into account that motion was scored relatively to the stimulus sets that 

were presented. 

 

4.2.1 Design 

This was a within-subject design. There were two independent variables: in-scene motion (low 

vs. moderate) and camera motion (static vs. moderate). The subjective motion experienced by the 

participants was the dependent variable.  

 

The four stimulus sets per scene resulted in 12 videos that had to be rated. The video sequences 

were pseudo-randomly ordered to prevent order effects. Every video sequence was rated twice, 

which resulted in 24 comparisons. Every video sequence started with 

grey field that appeared for 3 second, indicating which video would 

appear (‘video 1’) followed by the video sequence of 10 seconds. 

Then a 5 second grey field appeared showing ‘please vote now’. The 

video sequence is illustrated in figure 16. 

 

Each participant was asked to rate the perceived degree of in-scene motion and camera motion in 

a scene on a three-point category scale. The category labels were low, moderate and high (Table 

5) and rated on paper. This experiment took approximately 10 minutes in total. 

 

Table 5: voting scheme of scene motion characteristics 

Video 1    

In-scene motion □ low □ moderate □ high 

Camera motion □ low □ moderate □ high 

 

4.2.2 Participants 

Eight students, 5 male and 3 female, of Eindhoven University of Technology participated 

between the age of 18 and 22 (mean age 22) for the scenes gym and walk. For the scene train, 4 

Figure 16 shows the video 

sequence 
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other students, 2 male and 2 female students between the age of 21 and 32 (mean 26.8) were 

used.  Participants were compensated for their participation.  

 

4.2.3 Apparatus 

The experiment was conducted at the Eindhoven 

University of Technology. The experiment was 

conducted on a PC with flat screen computer 

display. The screen size was 41.5 x 34 cm (wxh) and 

the image size was 22 x 17.5 cm (wxh) that was 

displayed in the middle of the screen. The 

experimental set-up can be found in figure 17. The 

viewing distance was 55 cm. 

Figure 17: experimental set-up 

 
Source material 

The source material was recorded with a JVC camcorder. The camera captured the stimuli were 

stored in MPEG-2 format on mini digital videocassette. The stimuli were captured interlaced on 

PAL 4:3, 5 Mbps using 25 frames per second with a resolution of 720x576.  

 

4.2.5 Results 

It appears that the subjective assessment of the scene motion characteristics are to a great extend 

inline with the predefined labels as can be seen in figure 18. The x-axis represents the motion 

labels that could be chosen. The y-axis represents the scene motion characteristics as determined 

beforehand. The z-axis shows the ratings of the scene motion characteristics by the participants. 

Gym, walk and train were scored according to the predefined labels. The conditions in train that 

were rated as high in-scene motion were removed from the stimulus set.  
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Figure 18 shows on the x-axis the rating labels on which participants could score the amount of perceived 

in-scene and camera motion. On the y-axis and the expected levels of motion of each stimulus set is given.  

 

4.2.5 Discussion 

For all scenes, four scene motion characteristics are distinguished and validated. These videos are 

used to see if motion can be objectively be determined. 
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4.3 Objective measure of scene motion characteristics 

Wolf & Webster (1997) stated that spatial detail and the amount of motion determine the 

complexity of coding the video sequence to obtain a certain level of video quality. The spatial 

information (SI) and temporal information (TI) in a scene are calculated as follows: 

SI (tn) = rmsspace [Sobel (F (tn-1))], 

TI (tn) = rmsspace [F (tn) - F (tn-1)], 

where the Sobel operators work as a spatial filter for both horizontal and vertical edge detection 

and F (tn) is the luminance video frame at time n and rms is the root mean square. 

 

TI calculates the difference in luminance of two frames and is used to find out if it is possible that 

an algorithm can distinguish in-scene motion and camera motion. The calculation of the 

differences in luminance was calculated between:  

• each frame, resulting in 249 data points 

• every 12
th
 frame (GOP), resulting in 21 data points 

• every 25
th
 frame (1 sec), resulting in 10 data points 

The mean TI is calculated from the data points for the three comparison levels and shown in  

Low mean TI values means little changed between frames and high mean TI values means a lot 

of changes changed between frames. The change between frames is lower with the comparison of 

every frame (∆t = 0.04s) instead of comparing every 25
th
 frame (∆t = 1s) (figure 19). 
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Figure 19: overall TI values of all the stimulus sets of the three scenes for different frame rate 

comparisons. Low in-scene and camera motion results in the lowest overall TI, moderate in-scene and 

camera motion the highest TI value (except for walk).  The scenes with static camera motion have lower 

TI values than moderate camera motion.  
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Per frame comparison frame result in a low overall TI values that are not distinct enough to see 

the difference between all stimuli. The comparison rate per 12
th
 frame (GOP) and per 25

th
 (1s) 

makes similar distinction between the stimuli. Comparing every 25th frame was chosen to 

illustrate the differences between the stimulus sets and can be found in figure 20. 
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Figure 20: the overall TI values of the stimulus sets 

 

In Figure, a distinction in motion can be made for most of the stimulus sets of the scenes. For all 

three scenes the in-scene low and camera static conditions the overall TI values are the lowest per 

scene. No camera motion provides a lower level of overall motion then moderate camera motion. 

This objective measure can make a distinction between static and moderate camera motion in the 

scenes gym and train. The TI value of train with in-scene and camera motion moderate can be 

resulted in a lower value than in-scene low, camera moderate because the camera might have had 

similar speed as the train, resulting in actually less motion to code. Camera motion results in the 

highest motion, which was expected because more motion makes the coding more complex 

according to Wolf & Webster (1997).  

 
In train the differences between the scene motion characteristics are gradual. Clear higher TI 

values with camera motion. When in-scene moderate, camera static has a lower TI value than in-

scene low, camera moderate. In gym a similar result is found, only the differences between 

camera motion and in-scene moderate motion is not so apparent (low/static and the other stimulus 
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sets). In walk a very high influence of camera motion, but camera motion with in-scene motion 

moderate has a lower value than camera motion without in-scene motion. This measure does not 

provide enough distinction between the in-scene motion and camera motion to be able to 

calculate how much motion can be related to the type of in-scene or camera motion  in a video 

sequence. 
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5. Experiment video quality 

After assessing the scene motion characteristics in the previous chapter, the video sequences 

gym, train and walk were recorded by the camera crew of Philips. These recordings are captured 

on a higher bitrate to be used in the perceived video quality experiment in section 5.1. Next, in 

section 5.2 the objective video quality both will be determined of the video sequences. In 5.3 the 

subjective assessed video quality will be compared to the objective measured video quality to see 

how these measures correlate.  

 

5.1 Perceived video quality 

The goal of this experiment is to see what the influence of in-scene and camera motion and the 

adaptation methods IFD and TC is on perceived video quality.  

 

5.1.1 Experimental design 

This study is a within-subject design. There were three independent variables: in-scene motion 

(low vs. moderate), camera motion (static vs. moderate) and processing levels (IFD, TC and 

REF). The dependent variable is perceived video quality.  

 

Table 6 shows the six possible comparisons between the processing methods that are made per 

stimulus set. There are four stimulus sets per scene and with the three scenes gym, train and walk, 

in total, 72 comparisons are made in this study. The processing methods in the columns ('B') are 

rated in comparison to the processing methods in the rows ('A'). 

Table 6: the adaptation methods with belonging distortion lengths. In condition 1, the pairs IFD 

(‘A’) and TC (‘B’) were compared, where the ‘B’ was rated in comparison to ‘A’.  

 IFD TC REF 

IFD  Condition 1 Condition 2 

TC Condition 4  Condition 3 

REF Condition 5  Condition 6  

 

Assessment method 

The assessment method is the same as in subsection 3.2.1. 

 

5.2.2 Source material 

The stimuli were captured with a professional Panasonic DVCPRO AJ-D610WAe, which is a 

3CCD RGB camera that recorded the stimuli on PAL 16:9, 25 Mbps in RGB format. The 
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recordings were transformed into a MPEG-2 stream of 15 Mbps using an optibase encoder in 

YUV 4:2:0 format. The captured stimuli had to be transformed from interlaced to progressive 

material, because plasma displays use progressive scan.  

 

before the sequences were used as input in the simulation toolkit (de Hesselle, 2006). This tool 

was also used to artificially drop the frames for IFD and lower the quality for TC.   

 

Table 7 the processing levels with the bitrates and induced distortion length are listed. The 

reference video was stored on bitrate of 15 Mbps, which was the highest bitrate that could be 

obtained with the available resources. The simulation toolkit of De Hesselle (2006) was used to 

re-encode the video sequences to a bitrate of 4 Mbps, because this is a common bitrate used in 

transmission of MPEG-2 data (the MPEG home page August, 2007). The 5s distortion for IFD 

entails the drop of every 2nd B frame in the middle of the video sequence. Due to the drop of B-

frames, the bitrate inevitably goes down as well. The average bitrate reduction due to the 5s frame 

drop is .84 Mbps for all scenes, resulting in a bitrate of 3.16 Mbps during the distortion. The 5s 

distortion for TC involves the drop of bitrate from 4 to 2 Mbps. 

 

Table 7: conditions of the processing levels IFD, TC and REF 

 Bitrate before and after  

5s distortion 

5s distortion Bitrate during 5s distortion 

IFD 4 Mbps drop every 2
nd
 B-frame, 3.16 Mbps 

TC 4 Mbps overall quality drop 2Mbps 

REF 15 Mbps - - 

 

5.2.3 Participants 

In total, 18 participants, 9 male and 9 females were involved in this study, between the age of 21 

and 48 (mean age 27). Part of the participants are part of the workforce of Philips Research, the 

majority are interns at Philips Research from different kinds of academic backgrounds. 

Participants with working experience in video quality or video coding were not involved in this 

experiment. All participants were tested for colour deficits using the Ishihara test and tested for 

visual acuity using the Landolt C-chart. None of the participants turned out to have a colour 

deficit. Seven participants had a visual acuity of less than normal: once of 1/0.8, .8/.8, twice 1/.65 

.65/1.and .65/.65 (left/right). The rest of the participants had an (corrected) acuity of 1/1. The 

participants with less than normal (corrected) visual acuity were checked for influencing the 

results, but this was not the case and therefore the data was used in further analysis. The 

participants were compensated for their participation. 
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5.2.4 Apparatus 

The experiment was conducted at Philips Research High Tech Campus Eindhoven. The 

experimental set-up was in line with the recommendation of ITU-R BT.500.11 (2002), a standard 

for methodology for subjective assessments of the quality of television pictures. The laboratory 

set up, use of slider boxes and data analyse method was the same as in subsection 3.2.3. 

 

Display 

A Philips 42” plasma display (PDP), model 42PF9966-12 was used in the test setting. The 

settings of the display are specified in appendix B. The gamma values of the display were 

measured with a Topcon and corrected using ATI catalyst® Control to ensure the colours are 

displayed correctly. The display was set on a resolution of 800x600 and connected to a computer 

through a DVI cable.  

 

5.2.5 Procedure  

The experiment was divided into two sessions on two different days, and lasted one hour each. In 

each session, 36 video sequences were rated. Participants were first tested for colour deficits al 

acuity. Before the experiment started, a training session with three video pairs was shown to get 

familiar with the footage, various video quality levels and voting using the slider box. Data from 

the training session was not used in further analysis. At most, two participants were able to score 

videos in the same session. Each session consists of two sub-sessions, to allow the participants to 

have a short break after rating 18 videos (approximately 17 minutes). The study took 2 hours in 

total.  

 

5.2.6 Results 

12 different frequency files were used as input for the DifScal analysis, which represents the four 

different stimulus sets per scene. Each frequency file consists out of 7 3x3 lower triangular 

matrices: one matrix for each category scale and the size of the matrix is depending on the three 

processing levels (IFD, TC, REF). The estimated scale values and S-estimates are displayed in 

the graphs below and are discussed per scene.  
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Train 

In figure 21, the quality ratings of video sequences processed with IFD in comparison to TC of 

the four stimulus sets of train are displayed. The different symbols represent the scene motion 

characteristic. All ratings above the line indicate that the quality of video sequences processed 

with IFD is higher in comparison to TC. Below the line the quality for TC is rated higher in 

comparison to IFD. The dots close to the line represent that the video sequences were not 

(visibly) distinct enough for people.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The quality ratings of the REF video were always significantly better than for the videos 

processed with either TC or IFD (Table 8). For all the stimulus sets of train, the videos processed 

with TC are always rated significant better than the videos processed with IFD. This means that 

the introduced temporal artifacts seem to be more apparent or less disturbing than the spatial 

artifacts introduced by TC. This also means that the bitrate drop of TC from 4 to 2 Mbps is rated 

higher than the frame drop of IFD that resulted 3.2 Mbps.  

 

Table 8: Scale values and S-estimated per stimulus set of train of IFD, TC and REF 

train In-scene low 

Camera static 
In-scene moderate 

Camera static 
In-scene low 

Camera moderate 
In-scene moderate 

Camera moderate 

 value S-estimate value S-estimate value S-estimate value S-estimate 

IFD -0,60 0,12 -0,77 0,13 -0,59 0,12 -0,68 0,13 

TC 0,04 0,12 0,19 0,12 -0,13 0,12 -0,10 0,12 

REF 0,55 0,12 0,58 0,12 0,72 0,13 0,780 0,13 

Figure 21: quality ratings of IFD in comparison with TC 

 In-scene low, camera static 

In-scene moderate, camera static 

In-scene low, camera moderate 

In-scene moderate, camera moderate 
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Because the results are run separately, the scale values between scenes can be different from each 

other. The reference video is rated in all stimulus set without processing methods. The 

assumption is made that the internal scale people use to make the comparison ratings is equal for 

the reference video. With this assumption, linear transformation is used to be able to plot the 

stimulus sets of a scene in one graph and compare the scale values. The reference is scaled to 10. 

The offset is used to transform the IFD and TC scale values. As shown in figure 22 the ratings of 

the different stimulus sets of train are displayed.  

 

The stimulus sets processed with TC seem to cluster by camera motion. Static camera motion is 

rated higher in quality compared to moderate camera motion. The influence of in-scene motion 

within the clusters is different. In the stimulus sets with moderate camera motion, in-scene motion 

does not seem to contribute to the quality. In the stimulus sets with static camera motion, a trend 

can be found for IFD and TC caused by in-scene motion: 

• in IFD = in-scene low > in-scene moderate 

• in TC = in-scene low <in-scene moderate 
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Figure 22: re-scaled scale values of the scene motion characteristic  
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Gym 

In figure 23 the quality ratings of IFD in comparison to TC of the four stimulus sets of gym are 

displayed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: quality ratings of IFD in comparison with TC 

 
The quality ratings of the REF video were always significantly better than for the videos 

processed with either TC or IFD (Table 9). For all the stimulus sets of gym, except in-scene low, 

camera moderate, the stimulus sets processed with TC are rated significantly better than the 

stimulus sets processed with IFD. This also means that the bitrate drop of TC from 4 to 2 Mbps is 

rated higher than the frame drop of IFD that resulted in a bitrate of 3.2 Mbps. The stimulus set 

with in-scene low, camera moderate showed no significant difference between quality ratings of 

adaptation method. The quality ratings for TC and IFD do not seem to be depended on the scene 

motion characteristics in the different stimulus sets. 

 

Table 9: Scale values and S-estimated per stimulus set of gym of IFD, TC and REF 

 

gym In-scene low 

Camera static 
In-scene moderate 

Camera static 
In-scene low 

Camera moderate 
In-scene moderate 

Camera moderate 

 value S-estimate value S-estimate value S-estimate value S-estimate 

IFD -0,67 0,13 -0,94 0,13 -0,26 0,12 -0,77 0,13 

TC 0,10 0,12 0,03 0,12 -0,29 0,12 -0,17 0,12 

REF 0,57 0,13 0,92 0,13 0,55 0,12 0,93 0,13 

In-scene low, camera static 

In-scene moderate, camera static 

In-scene low, camera moderate 

In-scene moderate, camera moderate 
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Again, the assumption is made that the internal scale people use to make the comparison ratings 

within the same scene is equal. In figure 24, the ratings of the different stimulus sets of gym are 

shown.  

  

The stimulus sets processed with TC and IFD seem to cluster by in-scene motion. Low in-scene 

motion is rated higher in quality compared to moderate in-scene motion. The influence of camera 

motion within the clusters is different.  

 

The stimulus sets processed with IFD: 

• In-scene motion low = camera static < camera moderate 

• In-scene motion moderate = camera static < camera moderate 

The stimulus sets processed with TC have a similar, opposite trend: 

• In-scene motion low = camera static > camera moderate 

• In-scene motion moderate = camera static > camera moderate 
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Figure 24: re-scaled scale values of the scene motion characteristic 
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Walk 

In figure 25, the quality ratings of IFD in comparison to TC of the four stimulus sets of walk are 

displayed. All ratings are close to the line represent that the video sequences were not (visibly) 

distinct enough for the observers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: quality ratings of IFD in comparison with TC 

 
The quality ratings of the REF video were always significantly better than for the videos 

processed with either TC or IFD. For all stimulus sets of walk the estimated scale values with the 

belonging S-estimates overlap, which means that the quality rating of TC and IFD are not 

significantly different. The quality ratings for TC and IFD in these stimulus sets do not seem to 

depend on the scene motion characteristics. 

 

Table 10: Estimated scale values and S-estimated per stimulus set of walk of IFD, TC and REF 

walk In-scene low 

Camera static 
In-scene moderate 

Camera static 
In-scene low 

Camera moderate 
In-scene moderate 

Camera moderate 

 value S-estimate value S-estimate value S-estimate value S-estimate 

IFD -0,28 0,12 -0,49 0,12 -0,54 0,12 -0,53 0,12 

TC -0,40 0,12 -0,36 0,12 -0,32 0,11 -0,57 0,12 

REF 0,68 0,13 0,85 0,13 0,86 0,13 1,10 0,14 

 

 

 

 

 

In-scene low, camera static 

In-scene moderate, camera static 

In-scene low, camera moderate 

In-scene moderate, camera moderate 
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Again, the assumption is made that the internal scale people use to make the comparison ratings 

within the same scene is equal. In figure 26 the ratings of IFD and TC and REF are displayed to 

see how the quality ratings differ depending on the scene motion characteristics. 
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Figure 26: re-scaled scale values of the scene motion characteristic 

 
In walk, it seems as if in-scene motion or camera motion both have equal influence on the 

perceived video quality. Low in-scene motion and static camera motion resulted in the higher 

quality ratings than moderate in-scene and camera motion. The stimulus sets with in-scene 

moderate, camera static and in-scene low, camera moderate have similar ratings.  
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 5.2.6 Discussion 

Adaptation method 

In summary, from the results of the perceived quality experiment it can be concluded that, if a 

difference is perceived, the videos processed with TC are perceived of having a higher video 

quality than videos processed with IFD. Significant higher ratings for TC in video quality were 

found for all stimulus sets of train and for all stimulus sets of gym, except for gym with in-scene 

low, camera moderate. For gym with in-scene low, camera moderate and all the stimulus sets of 

walk no significant difference quality ratings of videos processed with either IFD or TC could be 

found.  

 

Scene motion characteristics 

Even though videos processed with TC are always rated higher than IFD, the differentiation 

between the in-scene and camera motion were re-scaled to compare the different influence on the 

quality ratings. In train camera motion determines the quality ratings, in which static camera 

motion is rated higher in quality than moderate camera motion (figure 27). In gym, in-scene 

motion determines the quality ratings, in which low in-scene motion is rated higher in quality 

than moderate in-scene motion.  

 

 

Figure 27 shows the influences of in-scene motion and camera motion in train and gym 

 
Opposite effects might be caused by the differences in camera and in-scene motion. Train was a 

circular type of in-scene and camera motion and gym contained in-scene motion with small 

horizontal and vertical displacements and a circular type of camera motion. The effect might also 

be caused by the differences in scene content, which could have made the artifacts more visible or 

could have introduced more artifacts due to the spatial and temporal detail. 
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 Train, static camera 

With static camera, the video processed IFD with low circular in-scene motion is rated better than 

moderate motion. The temporal distortions might be more obvious or more disturbing than the 

spatial related distortions. The video processed with TC however, the moderate in-scene motion 

is rated better than low in-scene motion. The lower quality rating for the low in-scene motion in 

comparison to moderate in-scene motion might be due to masking effects, which might have 

covered the artifacts due to the higher in-scene motion.  

 

Train, moderate camera 

In both IFD and TC no differentiate in quality is found depending on the amount of in-scene 

motion. The two stimulus sets with moderate camera motion were rated the same and also the 

lowest of the stimulus sets. The camera motion might have had a facilitation effect for these 

stimulus sets, making the artifacts more apparent.  

 

Gym, low in-scene motion 

For both video processed with either IFD or TC, the low in-scene motion video is rated better 

than moderate in-scene motion. Less in-scene motion results in better quality ratings.  

Looking at the low in-scene motion, video processed with IFD show that moderate camera 

motion is rated better than static camera, while in TC this is the opposite: moderate camera 

motion is rated worse than static camera. The temporal distortions introduced by IFD are less 

apparent or disturbing in the moderate camera condition, and the spatial distortions introduced by 

TC are more apparent or disturbing in the static camera condition.  

 

Gym, moderate in-scene motion 

The quality ratings for moderate in-scene motion were as expected. The temporal distortions 

introduced by IFD are more apparent or disturbing in the moderate camera condition, and the 

spatial distortions introduced by TC are less apparent or disturbing in the static camera condition.  
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5.2 Objective measure of video quality 

In addition to the perceived video quality experiment, the video sequences used in that test can 

also be objectively measured to for video quality as explained in sub-section 2.3.2. The objective 

measure is also determined because this is a frequent used way of determining the video quality 

by engineers. The peak signal to noise ratio (PSNR) will be used to obtain objective video quality 

values. The objective measures will be compared with the results of the subjective assessment of 

to see how the subjective quality relates to the objective quality.  

 

5.2.1 Mean values PSNR 

The PSNR is a weighted error of an adjusted video in comparison with a reference. The processed 

parts of the video sequence with either IFD or TC are compared with the reference to calculate 

the PSNR values. The video sequences are processed for 5s (125), which results in 124 PSNR 

values. The mean PSNR for IFD is calculated in this study by taking the mean of affected B-

frames during the distortion. For TC the 124 frames are re-quantised but to make the calculation 

similar, the mean PSNR for TC is calculated by taking the mean of the same number of TC  

B-frames those are re-quantised.  

 

5.2.2 Results objective measure 

The mean PSNR values of the 5s with IFD and TC are displayed in Table 11. The objective 

measure indicates that video processed with TC has a better objective quality than videos coded 

with IFD. The influence of IFD is bigger when the scene motion characteristics are higher, which 

is expected because IFD is a coding that influences the temporal properties.   

Table 11: mean PSNR values for every scene and scene motion characteristics 

scene in-scene motion camera motion Mean PSNR (dB) 
   5s IFD 5s TC 

gym low static 31 39 

 moderate static 27 38 

 low moderate 27 38 

 moderate moderate 25 37 

       

train low static 36 42 

 moderate static 35 42 

 low moderate 33 41 

 moderate moderate 30 40 

       

walk low static 36 33 

 moderate static 31 32 

 low moderate 24 31 

 moderate moderate 26 31 
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Looking at the scene motion characteristics, it can be stated that for gym, train and walk with low 

in-scene motion and static camera motion provides a higher PSNR value, thus better video quality 

than moderate in-scene- and camera motion. In gym, in-scene low, camera moderate and in-scene 

motion, camera still, no distinct PSNR value is obtained for both IFD and TC. In train and walk, 

in-scene moderate, camera static and in-scene low, camera moderate, the values are distinct and 

show that in-scene motion has less negative influence on the objective quality than the camera 

motion. The mean PSNR value of the affected frames in IFD and TC distinguishes between the 

different scene motion characteristics of the different scenes, even though the objective quality 

measure does not differentiate a lot.  

 

5.2.3 Results subjective assessment compared to objective measure 

The mean PSNR values are used to how this objective quality measure correlates with the 

subjective assessment. The re-scaled subjective quality assessments are plotted in comparison to 

the mean PSNR values in separate scatter plot. The different colours refer to the four stimulus 

sets, the full circles represent videos processed with IFD and empty circles represent the videos 

processed with TC. In the figures 28 to 30 below the comparisons between subjective and 

objective quality values of the scenes are shown. 

 

In figure 28, the results of train are shown. 

 

Figure 28: comparison of subjective assessment and objective measure of train 
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Looking at IFD, the PSNR values differentiate, but the subjective ratings do not. Looking at TC, 

the PSNR values do not differentiate, while the subjective ratings do. It can be seen that the 

subjective assessment and the objective measurement of train do not correlate not very well. 

 

In figure 29, the results of gym are shown. 

 

Figure 29: comparison of subjective assessment and objective measure of gym 

 

Looking at IFD, the PSNR values differentiate about the similar as the subjective ratings do not. 

Looking at TC, the PSNR values do not differentiate, while the subjective ratings do. It can be 

seen that the subjective assessment and the objective measurement of gym do not correlate not 

very well for TC. 
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In figure 30, the results of walk are shown. 

 

Figure 30: comparison of subjective assessment and objective measure of gym 

 

In walk, the clusters of IFD and TC cannot even be made. Looking at IFD, the PSNR values 

differentiate, but the subjective ratings do not. Looking at TC, the PSNR values do not 

differentiate, while the subjective ratings do. It can be seen that the subjective assessment and the 

objective measurement of gym do not correlate not very well.  

 

It can be concluded that the subjective assessment and the objective measure PSNR accidentally 

are correlate, but PSNR is not sufficient to use as a substitute for perceived video quality 

experiments.  
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6 Discussion 

In the discussion, several parts will be discussed. In section 6.1, the main results of the perceived 

video quality experiment will be shortly summarised. In section 6.2 the results will be discussed 

in relation to previous research. In section 6.3, the limitations of the experiment will be 

considered.  

 

6.1 Main results 

In summary, the perceived video quality of video sequences processed with TC was always rated 

better than videos processed with IFD. The introduced temporal artifacts by IFD are more 

apparent or considered worse than the introduction of spatial distortions by TC. Comparing the 

ratings for the scene motion characteristics, the influence of in-scene motion and camera motion. 

The objective measure PSNR cannot replace the subjective evaluation, due to the low agreement 

between the two measures.  

 

The gym scene with low in-scene motion, moderate camera motion and for all stimulus sets of 

walk, no differentiation in quality could be made by the participants. In the gym scene, the camera 

motion might have caused these results, which was an arc kind of motion. The background 

information in this scene did not change that much, due to the combination of trunk and pan 

motion. The combination of moderate in-scene and camera motion in gym might have covered 

this effect, due to the attention to the moderate motion of people in the video.  

 

The scene walk no preference can be found; TC and IFD were rated as having similar video 

quality. This scene was recorded outside, with a high spatial detail. People are less sensitive to 

high spatial details and the errors in the video can be spatially masked by the human visual 

system. Spatial masking effects are no explanation for the results of walk, processed with TC, 

because if the errors are not seen, the quality would not have been rated that low. Most probably 

the movement in a high spatial environment facilitated the artifacts, with low spatial people. 

People are sensitive to the low spatial frequencies. Attention might have been focussed on the two 

persons moving in the video and facilitated the artifacts of both adaptation methods. 
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6.2 Results in relation to previous research 

The results of this study are not in line with Tripathi & Claypool (2001) and De Hesselle (2006), 

who found a trade off between quality ratings of IFD and TC depending on the amount of motion 

in a scene. The reason for this result can be that the amount of motion used in this study is not 

high enough to introduce more artifacts. In De Hesselle (2006) the motion levels used were 

moderate and high and in Tripathi & Claypool (2001), low and high motion is used. A reason to 

believe that the amount of motion was not high enough is the results of the repeated motion 

experiment in chapter 3. In this experiment the results found were in line with Tripathi & 

Claypool (2001) 

 

In-scene motion was expected to be dominant as a result of Zhong et al. (2004). In this study it 

was found from eye tracking data that people tend to look more to the figure (in the foreground) 

than the background by nature. Perceived video quality was dependent on the quality of the main 

human figure in the foreground determined the subjective opinion of visual quality. A trend was 

found in gym that confirmed that in-scene motion determines the perceived video quality within 

an adaptation method. The results of train are not in line with these results. In this scene, camera 

motion determined the perceived video quality ratings within an adaptation method. The results 

do not confirm that expectation: camera motion seems to have the main influence on perceived 

video quality. This effect of camera motion being the dominant factor of perceived quality can be 

found with the objective measure of motion TI (temporal information) as well, taken into account 

that the same scene content is used. The variability between the TI measures is too high though to 

be able to extract threshold values from this motion measure.  

 

6.3 Limitations of own work 

It was attempted to make a divers set of stimuli material, where the main aim was to keep the 

stimulus sets as equal as possible, and only varying the in-scene motion and camera motion. The 

resulting three scenes gym, train and walk differ in the kind of in-scene and camera motion. It 

could be that the different kinds of scene motion characteristics chosen were too complex after 

all. It might be advisable for comparison of trends, to use only for example circular, horizontal or 

vertical kind of displacements for in-scene or camera motion.  

 

Also, in this study a plasma display was used. The settings of this display were switched off as 

much as possible, but still all kinds of algorithms in this set have an influence on the signal 
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quality, which are unknown. The stimuli materials had to be transformed from interlaced to 

progressive material, and this extra conversion needs to be prevented. Similar experiments should 

also be done using a BARCO-display, to prevent ‘smart’ algorithms in a plasma display of 

interfering with the signal.  
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7 Conclusion and recommendations 

Perceived video quality of video sequences processed with TC is rated better than video 

processed with IFD. The highest perceived quality was thus not depending on the amount of 

camera motion between with adaptation methods. However, different trends were found in the 

ratings of the perceived quality, in the different stimulus sets per scene. In-scene motion seems to 

have more influence on perceived video quality than camera motion in gym and camera motion 

seems to have more influence on perceived video quality than in-scene motion. A trend was 

found in the quality ratings between stimulus sets, thus the different scene motion characteristics. 

It is again confirmed that scene content influences perceived video quality ratings of video 

sequences. 

 

Recommendation in specific for Philips Research are that from these results, the quality ratings of 

TC are always higher than IFD, thus are the preferred adaptation method to use. This is also the 

‘cheaper’ one of the adaptation methods: the bitrate of TC was lower than IFD, but rated better, 

which is another reason to use TC over IFD. The quality ratings seemed more personal dependant 

than motion dependent. Also, it is again found that the objective measures for video quality, such 

as PSNR, cannot (yet) replace subjective assessments of perceived quality. Further research is 

required to be able to tell what kind of influence the temporal part of video sequences have on the 

human visual system.  
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Appendix A  
Display settings of replication study, chapter 3. 

 

Philips 42” plasma display, model 42PF9966-12 
 
TV 
Picture:  smart picture:   personal 

     Rich 
     Natural 
     Soft 
     Multimedia 
     eco 
  contrast:   100 (range 0-100) 
  brightness:   90 (range 0-100, max 1000 cd/m2) 
  colour:   50 (range 0-100) 
  sharpness:   0 (range 0-7) 
  tint:    normal 
     warm  
     cool 
  digital options:  progressive scan  
     pixel plus 2 
  dynamic contrast: off 
     minimum 
     medium 
     maximum 
  DNR:    off 
     Minimum 
     Medium    
     maximum 
  colour enhancement:  off  

     on 
  Hue  
  picture format:   4:3 
     wide screen 
Sound:  nvt 
Ambilight: ambilight:  off  
     on 
  ambilight mode 
  brightness 
Features nvt (program list, sleeptimer, child lock) 
  
Setup 

General: nvt 
 Source  DVI (800x600)  other 

     SAT 
     GAME 
     Digital STB 
     HD 
     DVD 
     Recorder 
     none  
  EXT1- EXT3, side,   other  
  centre input   off 
decoder nvt 
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Appendix B 
Display settings experiment perceived video quality, chapter 5. 

 

Philips 42” plasma display, model 42PF9966-12 
 
TV 
Picture:  smart picture:   personal 

     Rich 
     Natural 
     Soft 
     Multimedia 
     eco 
  contrast:   100 (range 0-100) 
  brightness:   20 (range 0-100, max 1000 cd/m2) 
  colour:   50 (range 0-100) 
  sharpness:   0 (range 0-7) 
  tint:    normal 
     warm  
     cool 
  digital options:  progressive scan  

     pixel plus 2 
  dynamic contrast: off 

     minimum 
     medium 
     maximum 
  DNR:    off 
     Minimum 
     Medium    
     maximum 
  colour enhancement:  off  
     on 
  Hue  
  picture format:   wide screen  
     4:3 
Sound:  nvt 
Ambilight: ambilight:  off  

     on 
  ambilight mode 
  brightness 
Features nvt (program list, sleeptimer, child lock) 
  
Setup 

General: nvt 
Source  DVI (800x600)  other 

     SAT 
     GAME 
     Digital STB 
     HD 
     DVD 
     Recorder 
     none  
  EXT1- EXT3, side,   other  
  centre input   off 

decoder nvt 
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