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Abstract

Today’s powerful computers and networks present the op-
portunity for video across the Internet right to the desktop.
However, Internet video often suffers from packet loss and
jitter, degrading the user’s perceived quality of the video.
Understanding the effects of delay, loss and jitter on media
quality is critical for choosing delay buffer sizes and packet
repair techniques. While the effects of packet loss on per-
ceptual quality are well-understood, to date there have not
been careful user studies measuring the impact of jitter on
perceptual quality. The major contributions of this work
are carefully designed experiments that measure and com-
pare the impact of both jitter and packet loss on perceptual
quality of packet video. We find that jitter degrades per-
ceptual quality nearly as much as does packet loss, and that
perceptual quality degrades sharply even with low levels of
jitter or packet loss as compared to perceptual quality for
perfect video.

1 Introduction

The power of today’s computers and the connectivity of
today’s networks present the opportunity of packet video
over the Internet and to the desktop. Desktop video over a
local area network is often of acceptable quality, providing
the user with a smooth stream of video frames. Video on
the Internet, however, is usually quite poor, having a jerky
appearance from jitter and corrupt or missing frames from
lost packets [CR99].

In the absence of jitter and packet loss, video frames can be
played as they are received, resulting in a smooth playout,
as depicted in Figure 1-top. However, in the presence of
jitter, interarrival times will vary, as depicted in Figure 1-
middle. In Figure 1-middle, the third frame arrives late
at r2. In this scenario, the user would see the frozen im-
age of the most recently delivered frame (frame two) until
the tardy frame (frame three) arrived. The tardy frame
(frame three) would then be played only briefly in order to
preserve the timing for the subsequent frame (frame four).

*This paper appears in proceedings of ACM Multimedia as a
poster paper, October 30 - November 5, 1999 in Orlando, FL, USA.

sender

receiver ro rl r2 r3 ra
A Jitter and L oss Free Stream

- i\ i sz\i 54\

receiver ro rl r2 r3 rd
A Stream with Jitter

sender i i iz i s\j

receiver ro rl r2 r3 rd

A Stream with Packet L oss

Figure 1: The above figures model packet video between sender
and receiver. Each si is the time at which the sender transmits
video frame i. Each ri is the time at which the receiver receives
frame 4.

In the presence of packet loss, some frames will not even
arrive at the receiver, as depicted in Figure 1-bottom. In
Figure 1-bottom the third and fifth frames do not arrive
at the receiver. In the case of the loss of frame three, the
viewer would see a frozen image of the most recently deliv-
ered frame (frame two), and the video stream would then
jump to the next frame that arrived (frame four).

Methods to ameliorate the effects of jitter have been ex-
plored by many researchers [SJ95, RKTS94, Fer92] through
delay buffering. Delay buffering can compensate for jit-
ter at the expense of latency. Transmitted frames are
buffered in memory by the receiver, allowing each frame to
be played out with a constant latency, achieving a steadier
stream. However, the added latency from buffering can be
disturbing especially for interactive applications. Ideally,
the buffer size is chosen to give the best perceptual quality*
by understanding the tradeoff between decreased jitter and
increased latency. However, to the best of our knowl-
edge, current delay buffering algorithms do not choose their
buffer sizes with any consideration of the impact of residual
jitter on perceptual quality. Our detailed study of the im-
pact of jitter on perceptual quality can be used to develop
more effective delay buffering algorithms.

1We use the term perceptual quality to mean a quantitative mea-
sure of video quality from the user perspective.



Methods to repair lost packets have been explored by many
researchers, and include using interleaving or redundancy
[PHH98] and retransmission [CPW98, PVM98, XMZY97].
Unfortunately, these repair techniques increase jitter. For
example, retransmitting a lost packet at least doubles the
delay for the re-sent packet, resulting in a jitter ‘spike’. If
lost packets are found to degrade perceptual quality more
than the extra jitter added by a repair technique, then
the lost packets should be repaired. If, however, jitter de-
creases perceptual quality more than does packet loss, then
packets should not be repaired. To the best of our knowl-
edge, current packet repair techniques do not consider the
impact of increased jitter in evaluating their effectiveness.
A careful understanding of the effects of jitter and packet
loss on perceptual quality can be used to select repair tech-
niques that achieve better perceptual quality.

The effects of delay on a user’s perception of video qual-
ity is well-understood and well-researched [IKK93, Roy94,
DCJ93]. Similarly, there is a clear relationship between
packet loss and multimedia quality deterioration [MS94,
SW93, HSK98, PHH98, GKL198]. The effects of framer-
ate on user understanding of video clips has been explored
[GT98]. There has also been research done in classifying
perceptual quality assessment techniques [WS98]. How-
ever, to the best of our knowledge, there has been no mea-
surement of the impact of jitter on the quality of packet
video from the user perspective. Similarly, there have not
been any careful studies of the relative impact of jitter as
compared to packet loss on a user’s perspective of video
quality. The primary goal of this work is thus to address
these two problems.

An additional parameter that may affect perceptual quality
is the temporal aspect of a video. A video which has very
few differences between most frames, such as a “talking
head” in a videoconference or a news broadcast, has a low
temporal aspect. Videos with low temporal aspect may not
degrade much under jitter or packet loss since viewers may
not notice delayed or missing frames. A video which has
many differences between frames, such as a sporting event
or a music video, has a high temporal aspect. Videos with
high temporal aspect may be more sensitive to jitter or
packet loss since viewers will be deprived of more informa-
tion when packets are lost or delayed.

More details of our ongoing work are available in [CT99]
and [Tan99]. In this paper, we present:

e a controlled user study which quantitatively evaluates
the effects of jitter on perceptual quality,

e a direct comparison of the effects of packet loss on
perceptual quality as compared to the effects of jitter
on perceptual quality,

e an analysis of the effects of the temporal aspect of a
video on perceptual quality in the presence of jitter
and packet loss, and

e an experimental model for conducting user studies
that measure perceptual quality of video.

The rest of this document is laid out as follows: Sec-
tion 2 describes experiments that measure perceptual qual-
ity with packet loss and with jitter; Section 3 analyzes the
results of the experiments; and Section 4 summarizes our
conclusions.

2 Experiments

In an effort to measure the effects of jitter and packet loss
on perceptual quality, we have designed and conducted ex-
periments to evaluate the same.

To evaluate the perceptual quality of video, we use a quality
opinion score in which test subjects are asked for an explicit
rating after watching a video clip [WS98]. For our quality
opinion scores, test subjects entered their evaluation by
means of a slider with values ranging from 1 to 1000. The
slider had labels on the ends only, indicating worst (1) and
best (1000).

‘We chose five video clips from each of five different tem-
poral categories: Animated (The Simpsons), Information
(Home Shopping Channel), News (CNN), Situation Come-
dies (News Radio and Married with Children) and Sports
(Soccer, Hockey and Jet Skis). These categories were meant
to provide video clips ranging from low temporal aspect
(Information) to high temporal aspect (Sports). The video
clips were captured using a VCR recording in SP mode
and an ATI All-In-Wonder video capture card. MainActor
video software was used to encode the captured video into
MPEG-1 format. The clips were each about 60 seconds
long and watching the entire set of clips took each test
subject about 1/2 hour.

We induced residual jitter and packet loss into the video
clips based on Internet traces from previous work that sent
simulated video from locations across the United States
and New Zealand to Worcester, Massachusetts [GBC98].
We selected a “low” jitter trace and scaled it three-fold to
create a “high” jitter trace. The same traces were then
used for inducing both loss and jitter in order to allow
for a direct comparison of perceptual quality for the same
“amount” of jitter and packet loss. Thus, we had two levels
of jitter and two levels of packet loss, resulting in five dif-
ferent quality levels for each video clip: perfect, low jitter,
low loss, high jitter or high loss. The low loss trace had
about 8% packet loss and the high loss trace had about
22% packet loss.

In addition to jitter and packet loss, a perceptual quality
opinion score may be affected by the frame size, color depth
or frame rate. As our focus was on the effects of jitter
and packet loss on perceptual quality, we kept these other
parameters constant. Specifically, we used a 320x240 video
frame, true color (24 bits per pixel) and 30 frames per
second. In addition, although video is usually accompanied
by an audio track, we wanted to isolate the effects of packet
loss and jitter on video only, and so all video clips were
played without their audio accompaniment.

‘We had 41 people participate in the study. Before the tests
began, we gathered profile information on each person, in-
cluding age, computer experience and experience with In-
ternet video. Most of our subjects were young students (20-
25 years old) having moderate to extensive computer expe-
rience, although a few that were much older and worked in
non-computer related professions. Most had occasionally
watched video on the Internet, but none had frequently
done so.

All the test subjects were evenly distributed into one of five
test groups. The quality level for each clip was different
for each group, as depicted in Figure 2, ensuring an equal
number of subjects saw each video clip at each of the five
quality levels.

Prior to beginning the test clips, each test subject was
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Figure 2: Test Groups. The test subjects were divided evenly into
among five groups, depicted above. The quality levels were then
varied for each of the movie clips such that each group saw each clip
at one of the five tested quality levels.
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Figure 3: Perceptual Quality versus Jitter or Packet Loss. There
are five quality levels depicted: perfect, low loss, low jitter, high loss
and high jitter. The horizontal axis indicates perfect, low or high.
The vertical axis indicates the average perceptual quality opinion
score given for all test subjects. All points are shown with 95%
confidence intervals.

primed with a medium temporal aspect video clip at per-
fect quality in order to set the expectations of all test sub-
jects to the same level before the actual recording of per-
ceptual quality scores. The procedure was then: play a
clip, have the user record a quality opinion score, repeat
for each of the 25 clips.

3 Analysis

In this section, we analyze the results of the experiments
described in Section 2. We examine the effects of jitter
and packet loss on perceptual quality and the influence of
temporal aspect of video on perceptual quality.

3.1 Perceptual Quality versus Jitter or Packet Loss

Figure 3 depicts the quality opinion scores for the five qual-
ity levels tested: perfect, low jitter, low loss, high jitter and
high loss. Each point is shown with a 95% confidence in-
terval. The average “perfect” quality scores are around
850 instead of the maximum 1000, possibly because of the
small window size used in the study or because the lack of
audio caused the test subjects to feel there was room for
improvement in the video clips.

Both low jitter and low packet loss severely degrade per-
ceptual quality versus perfect video. Perceptual quality
drops by over 50% to less than 400 in the presence of jitter
or packet loss. However, moving from low to high loss or
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Figure 4: Perceptual Quality and Temporal Aspect. There are
three classes of videos shown: Home Shopping (low temporal), CNN
News (medium temporal) and Sports (high temporal). The vertical
axis is the perceptual quality score given by the user. The data
points on the left side of the graph are perceptual quality scores
with jitter. The data points on the right are perceptual quality
scores with packet loss.

jitter does mot result in a significant decrease in percep-
tual quality despite there being a three-fold increase in the
magnitude of jitter or packet loss.

Most importantly, there is only a small difference between
perceptual quality under equal amounts of jitter and packet
loss. Perceptual quality differs by only about 10% between
jitter and packet loss under both low and high. From this
we conclude that jitter can be nearly as important as packet
loss in influencing perceptual quality.

3.2 Perceptual Quality and Temporal Aspect

Figure 4 depicts how the temporal aspect of video influ-
ences the impact of jitter and packet loss on perceptual
quality. For this analysis, we chose low temporal (Infor-
mation, via the Home Shopping clips), medium tempo-
ral (News, via the CNN clips) and high temporal (via the
Sports clips) video. For video clips with jitter, the low
temporal aspect clips suffered from slightly less perceptual
quality degradation than the high temporal aspect clips.
In the data points on the right in which the clips were in-
duced with packet loss, the effects on temporal aspect is
less clear, as the lines overlap between low and high data
loss. We conclude that temporal aspect is only marginally
significant in determining perceptual quality under jitter,
and may not be significant in determining perceptual qual-
ity under packet loss.

4 Conclusions

The power of today’s computers and the connectivity of
today’s networks present the opportunity of packet video
over the Internet and to the desktop. However, packet
video over the Internet often suffers from packet loss and
jitter, making a clear understanding of the effects of packet
loss and jitter on video quality as seen from the user’s per-
spective crucial in order to focus research efforts on the
bottleneck in video quality as well as influence playback
and packet repair strategies. To date, there has been a
solid understanding of the effects of packet loss on video
quality, and there has been research into recovering from



or ameliorating the effects of both packet loss and jitter.
However, to the best of our knowledge, there have not been
any user studies that measure the effects of jitter on the
perceptual quality of packet video.

In this work, we present carefully designed and executed
experiments that measure the effects of jitter and packet
loss on the perceptual quality of video. Our experiments
incorporated over 40 users who viewed 25 video clips at
5 different quality levels, comprising over 15 hours of user
testing while watching over 1000 video clips.

We find jitter can degrade video quality nearly as much as
packet loss. Moreover, the presence of even low amounts of
jitter or packet loss results in a severe degradation in per-
ceptual quality, while higher amounts of jitter and packet

loss do not degrade perceptual quality a proportional amount.

Video with low temporal aspect does not suffer in per-
ceptual quality quite as much in the presence of jitter as
does high temporal aspect video, but the difference is quite
small. These results can be used to enhance delay buffer-
ing algorithms in order to achieve better perceptual quality
and for better decisions on how to repair lost packets.

Our results indicate a steep drop in perceptual quality be-
tween perfect video and our “low” levels of jitter and packet
loss. Additional user studies are needed to pinpoint exactly
where below our “low” threshold perceptual quality starts
to degrade. Such future experiments may best be done us-
ing forced choice comparison rather than quality opinion
scores| WS98].

The impact of delay, the third fundamental component in
perceptual quality, has not been directly compared to ei-
ther packet loss or to jitter. Future work involves careful
user studies following the experimental model described in
Section 2 to determine the relative importance to percep-
tual quality of delay, compared to jitter and packet loss.
Moreover, there may be effects that influence quality when
there is a combination of delay, packet loss and jitter that
do not show up when measuring them separately. Careful
user studies are needed to determine perceptual quality of
packet video under these combined conditions.
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