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ABSTRACT

We report experiments on the ‘foveation’ of MPEG-

standard video by a network-based rate adaptor. The

rat e adaptor is controlled by input from receiving users,

and constrained by the capacity of each receiver’s chan-

nel. It generates versions of the input video which trade

off spatial and temporal resolution in different regions of

the picture. While there are many possible ways to make

the tradeoffs, users have only one or two dimensions of

control (in addition to two dimensions of position for

the fovea centre). We therefore propose constraints for

mapping 2D user control input into a fovea/periphery

bit budget, and provide design curves for spatial resolu-

tion control.

KEYWORDS: Compression/Decompression Analysis,

Communications/Networking/VOD, Logical/Concep-

tual Manipulation of Video, Foveated Coding

1 INTRODUCTION

Multipoint multimedia communication relies on point-

-to-point channels to support sharing of information.

There are various strategies for dealing with differences

in the channels’ capacities. For asynchronous sharing,

users with lower data rate connections simply have to

wait longer to see the same information as those with

higher data rate connections. For synchronous appli-

cations like conferencing, however, realtime interaction

between all participants is required. Dynamic media like

audio and video must be distributed continuously, with

little delay.

Multirate media coding achieves this without constrain-
ing the global information throughput to that of the

slowest link. For example, video can be simultaneously

distributed at a variety of data rates, matched to re-

ceivers’ channels. Those with higher capacity channels
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will enjoy higher quality pictures. Scalable and lay-

ered coding algorithms are therefore the subject of much

current research. In this paper we are concerned with

recoding MPEG-2 [1] video for multirate distribution,

with the aim of minimizing recoding computation cost.

In order to give end-users maximum control over their

received images, we introduce a flexible ‘foveation’ strat-

egy for data reduction. Adaptive foveation. is a means

of providing dynamic quality of service (QoS); that is,

dynamic control of the temporal and spatial parameters

characterizing a video sequence [2].

Figure 1 shows our model for multipoint video distribu-

tion over heterogeneous channels. The rat e adaptor ma,y

be either network-based as shown, or colocated with the

video source, but the essential elements of the model are

that the receiving channels have, in general, different

capacities, and the users at the receivers have differ-

ent requirements of the video. The data rate output

from the video source is assumed to be sufi ciently high

to support high-resolution full-frame moving pictures,

while the distribution channels to the receivers afford

only lower rat es. The rat e adaptor therefore has the re-

sponsibility of discarding some of the information from

the source to match the MPEG stream to the channels,

MPEG-2’s scalable profiles were designed to allow par-

tial reconstruction of the original video stream by low

bandwidth receivers in heterogeneous transrnission envi-

ronments [1]. Unfortunately, these scalable profiles can

provide only a very limited number of diflerent layers

[3]. Networks which contain many disparate elements

(e.g. a variety of physical network links, protocols, and
receiving terminals) require that video streams be avail-

able on a continuum of bit rates. Thk issue is addressed
in [4]. In [4] however, the image contents are not priori-

tized, so the spatial resolution of the recoded bitstream

is regionally invariant within the images.

In our model we assume low bandwidth return chan-
nels from each receiver to the rate adaptor/distributor.

Based on control data transmitted over these channels,

which prioritize the video signal in some way, the rate

adaptor adjusts the video stream for each rleceiver. The

approach taken here is ‘foveation’: the input from the
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Figure 1: Multipoint video distribution system

receiving users describes a particular fovea or region of

interest in the frame, and the rate adaptor then gives

priority to information in that region.

In order to accommodate higher spatial and/or temporal

resolution within the fovea (which necessarily increases

the bit rate), the rate adaptor must implement strate-

gies to reduce the bit rate outside the fovea. At the

same time, the rate adaptor must minimise the delay

in transforming the input video source bitstream into

individualised bitstreams for each receiver. The con-

sequence of these two requirements is that, whenever

possible, the rate adaptor must prefer to discard infor-

mation over the more time-consuming option of recoding

the original input bitstream (e.g. recalculating motion

vectors or requantising DCT coefficients).

Examples of application areaa which would benefit from

adaptive foveation include remote surveillance, tele-edu-

cation, and videoconferencing. In security surveillance,

where the user is monitoring one or more remote scenes,

they may wish to give special attention to a particular
region in a scene in which there appears to be suspicious

activity. The system rate adaptor would be responsible
for prioritizing the video bitstream to ensure that this

foveated region is presented with high spatial and/or

temporal resolution.

The use of remote classrooms in tele-education also pre-

sents an opportunity for prioritised video. During a dis-

cussion with a student in the classroom audience, the

instructor may wish to focus on that particular stu-

dent. As well, remote business boardrooms, and other

videoconferencing situations involving multiple partici-
pants, would benefit from user-prioritized video, Fur-

thermore, prioritized video is appropriate in multicast

environments where transmission modes include wired

and wireless channels [4].

For a given coding method (in our case MPEG-2), re-

coding can reduce the bit rate by either:

(a) Reducing temporal resolution (frame rate).

(b) Reducing spatial resolution (typically by discarding

high frequency transform coefficients).

With foveation, the picture content is divided into two

classes:

(1)

(2)

High-resolution fovea or foreground region, which is

compact and convex (typically a disk or a square. )

This is centred on user-selected coordinates, and

moves in response to user input. (The fovea is also

referred to as a ‘region of interest’, or ROL)

Lower-resolution periphery or background, being the

remainder of the picture outside the fovea.

The use of bit rate reduction methods (a) and (b), inde-
pendently applied in the two regions (1) and (2), gives

four dimensions on which to trade-off picture quality

against bit rate. With the fovea size (radius) being a

further dimension of control, there is a very large space

of possible picture appearances and bit budgets. We are

concerned with reducing the dimensionality of the space

of possibilities, so that user control can be simple and

natural.

Section 2 of this paper describes the user interface we are

developing for receivers in thk model, showing how one-

or two-dimensional priority information, plus 2D coor-
dinates, can be input by receiving users. Specifically,

then, the problem is mapping the five dimensions of bit

allocation (fovea size, foveal temporal resolution, foveal

spatial resolution, peripheral temporal resolution, pe-

ripheral spatial resolution) onto two dimensions of con-

trol.
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Section 3 discusses the constraints and assumptions we

make in order to solve the problem. In particular, we

argue that temporal resolution gives only coarse control

over the bit rate, and that the chosen peripheral tempo-

ral resolution must be selected based on picture content.

We therefore provide the user with relatively few con-

trol points in the temporal dimensions, and limit the

dynamic variability of temporal resolution.

In section 4, for a particular important control point in

temporal resolution space, we show the spatial resolu-

tion tradeoffs at various data rates, and provide design

curves that map the two dimensions of spatial control

to a single dimension.

In our work we have constrained all recoded streams

to be true MPEG. Although the receivers are assumed

to have a mechanism for user input (see section 2), they

are running standard MPEG decoders, Furthermore the

source is an MPEG stream. The consequence of this is

that it is sometimes necessary to transmit null informa-

tion where a custom system could adopt a more econom-

ical coding. Finally, therefore, in Section 5, we analyze

the MPEG overhead of foveation at different data rates.

Our implementation of the network-based rate adaptor

is based on modifications to the MPEG Software Simu-

lation Group’s publicly available MPEG-2 codec [5].

2 User Control of Prioritised Video

Research into prioritized video has traditionally focused

on videoconferencing applications. Girod [6] posited

that the distribution of bits used to code video sequences,

for example video telephony, could be adjusted depend-

ing on the viewer’s focus of attention. Videoconferenc-

ing sequences, especially the ‘head and shoulders’ type,

are particularly amenable to prioritized region segmen-

t ation. Faces are natural high-priority areas because

of the increased movement and detail they present (as

well as for obvious semantic reasons). The background

is in the periphery of the viewer’s vision, where the

mammalian vision system is less acute. Considerable

research has been devoted to prioritized coding in video-

conferencing applications [7]–[1 1]. There is an interest in

tracking the viewer’s gaze to determine the viewer’s re-

gion of interest [6, 11]. In [11], the intended application

is a videoconferencing sequence with multiple partici-

pants. The system tracks the spectator’s line-of-gaze,

based on the position and inclination of the spectator’s

head, and devotes more resources to coding the partici-

pant at whom the line-of-gaze is directed.

Any system using eye tracking, or a conventional 2-D

input device such as a mouse, can provide fovea centre

coordinates. We are investigating user interfaces which
provide richer information, so that users have more con-

trol over the foveation tradeoffs. These use 3D gloves

or 3D tracking plus gesture recognition to provide 3+n

dimensional input.

We envisage that the user-controlled prioritized video

system will benefit from such a rich degree of interac-

tivity. The user will control the position and frame rate

of the fovea by pointing at the region of interest within

the image. The fovea/periphery tradeoff will be deter-

mined by the distance between the user’s hand and the

video screen. For instance, to observe a specific region

of the video screen in high resolution, the user will posi-

tion their finger very close to the screen in the location

of this region. As the user moves their hand away from.

the screen, the resolution within the fovea will decrease,,

with a corresponding increase in the periphery resolu-

tion.

>,,.

Free dimension for
controlling

fovea/periphery tradeoff

5P F...........
dimension

\
Position o{ fovea ‘w ‘
centre on screen

Figure 2: User interface dimensions of control

User control of the size and shape of the fovea could

be provided by other measurements afforde~d by the 3D

mouse or data glove. Any two of the yaw/pitch/roll

measurements from the 3D mouse could determine the

height and width of a rectangular fovea, However, we

do not favour use of orientation dimensions. Instead, we

envisage the user indicating with thumb and forefinger

the desired size of the fovea. Figure 2 shows the four

dimensions of control in our user interface. Because two

dimensions map naturally and directly to the fovea cem

tre’s position, and we have chosen to map one directly

to fovea size, only one dimension (the dkkance of the

hand from the screen) is available for controlling the

fovea/periphery tradeoff. The remainder of this paper
explains how we map between this dimension and the

resolutions in the picture.

3 Temporal Resolution

Realtime video over restricted capacity transmission sys-

tems is conventionally accomplished by temporal sub-
sampling. Videophones typically use 10 frames/s. The

unrealistic movement evident at this rate can impede

natural interaction bet ween participants, and is per-

haps one reason that such systems have not found wide-

spread acceptance amongst consumers, In(deed, in their
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study of user perception of temporal resolution reduc-

tions in a variety of video sequences [2], Apteker et

al. conclude that slower frame rates are less acceptable

in sequences with slow, limited motion (e.g. snooker,

stand-up comedy), compared to high motion content

sequences (e.g. sporting highlights, music videos). Fur-

thermore, the fact that television traditionally has been

interlaced suggests that most video consumers prefer to

accept some spatial resolution degradation in favour of

maintaining temporal resolution. As a consequence of

these considerations, in our system we have constrained

the temporal resolution in the fovea to its original frame

rate. Therefore we constrain our investigations to one

hyperplane in the foveal temporal resolution dimension.

Since the image outside of the fovea (the periphery) haa

been designated by the user as having low priority, tem-

poral subsampling in this region is worth considering.

Using a PAL video rate sequence (25 frames/s), we in-

vestigated the consequences on bit rate of three periph-

eral temporal resolutions: every other I frame, every I
frame, and every I and P frame. The GOP structure of

the sequence has one I frame for every 3 P frames and 8

B frames; i.e. I B B P B B P B B P B B I. Consequently,

the three temporal resolutions correspond to (approxi-

mately) one periphery refresh per second, two periphery

refreshes per second, and eight periphery refreshes per

second, respectively. Although the every-I-and-P frame

scheme represents a considerable increase in peripheral

frame rate over the two other schemes, we included it

in our investigation because of its similarity to conven-

t ional videophone frame rates.

Because the rate adaptor must produce a legitimate

MPEG bitstream, there remains a cost associated with

the discarded peripheral frames. In order to maintain

the full frame rate in the fovea, the ‘discarded’ periph-

eral frames are actually recoded in such a way that

they are ‘transparent’, The result is that the last non-

discarded I or P frame endures in the periphery until

the next non-discarded I or P frame is encountered, (In

these ‘transparent’ frames, the slices in the discarded pe-

ripheral frames consist primarily of skipped macroblocks,

as well aa a few motion-compensated macroblocks with

zero motion vectors, In terms of operations, the recod-

ing required is negligible.) The cost per slice of dis-
carded peripheral frame in our test sequences was ap-

proximately 72 bits, (This value varies with the infor-

mation in the slice header and the number of skipped

macroblocks.)

The images in the ‘class’ test sequence are 320x240 pel,

colour pictures, and the bit rate required to support the

original MPEG-2 file is 1 Mbit/s. This test sequence has

many of the characteristics which we would expect to

observe in our intended applications. The camera’s view

of the scene is fairly constant (no panning or zooming),

and there is limited, localized motion in different areas

of the foreground and midground.

The graphs in figure 3 represent, for different fovea sizes,

the average bit rate required to present the fovea in

the ‘class’ sequence in real-time with a temporally sub-

sampled periphery. The fovea begins in the middle of

the image with dimensions OXOmacroblocks. The fovea

remains square as its size is increased to 15x15 mac-

roblocks. The periphery has been spatially subsampled

by limiting the number of DCT coefficients used to en-

code peripheral macroblocks.

(Since we expect that foveation techniques will be used

to provide realtime video over low data rate lines, and

not for archiving high-quality video, the editing aids pro-

vided by the GOP header are unnecessary. Throughout

our tests we have discarded the GOP headers in the

interest of reducing the bit rate. These headers are typ-

ically about 60 bits in size.)

The bit rates for no fovea with only the dc coefficients

in the periphery (which obviously constitutes the en-

tire image in this case) represent the lower bounds on

the achievable bit rates for each temporal subsampling

scheme. Since the bit rate of the original MPEG se-

quence is 1 Mbit/s, the every-I-and-P-frame subsam-

pling scheme at 165 kbits/s offers worse than 6:1 com-

pression of the original MPEG sequence. The every-l-

frame subsampling scheme achieves 14:1 compression,

and the every-other-I-frame scheme achieves 20:1 com-

pression. We found these compression ratios to be con-

sistent across several different video sequences coded

with the same GOP structure. Figure 3(d) clearly shows

that even relatively low resolution (320x240) MPEG

video, temporally subsampled at 8 frames/s, is not prac-

tical for low bit rate systems.

The bit rate results above, and the associated quality of

the video pictures, obviously depend on the amount and

degree of motion in the periphery. When evaluating the

repercussions of temporal subsampling in the periphery,

we are concerned with the following issues:

●

●

●

Fine temporal subsarnpling reduces the bit rate sav-

ings benefits of adaptive foveation.

The temporal subsampling rate required to provide

the user with sufficient information about activity in

the periphery depends on picture content, One of the

primary concepts behind adaptive foveation is that

the user has the ability to alter the size and location

of the fovea in response to activity in the image of
interest to them, Obviously the temporal resolution

in the periphery must not be so coarse as to eliminate

motion which may be of interest to the user.

The probability that coarse temporal subsampling will
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Figure 3: Cost of varying peripheral temporal resolution

cause motion vectors in the fovea to be invalid is also

dependent on picture content. When I or P frames are

discarded from the periphery, motion vectors for mac-

roblocks in the fovea which reference locations outside

of the fovea in the discarded frame may become in-

valid. When the degree of motion is significant in a

sequence, the motion vectors in a macroblock tend to

refer to locations far from the macroblock, increasing

the probability of invalid motion vectors under the

adaptive foveation scheme.

A heuristic guideline for setting the temporal resolution

is to choose the coarsest temporal resolution that does

not eliminate significant motion. The periphery should
contain sufficient motion to maintain the pre-attentive

cues which may cause the user to change to move the

fovea, Since the picture content is relatively consistent

across the applications for which the adaptive foveation
system is intended, the user need only set the peripheral

temporal resolution once. For example, in the ‘class’ test

sequence used above, we decided that 2 frames/s are re-

quired in the periphery to capture significant motion.

Therefore, throughout our investigation of the spatial

resolution dimensions, we constrain the peripheral tem-

poral resolution to every-I-frame resolution,

Thus the peripheral temporal resolution dimension can
be used to only coarsely control the video bitstream,

and therefore control of this dimension is exerted lby

the user on a sequence-by-sequence basis. Manipulation

of spatial resolution offers finer control on a frarne-bly-

frame basis. We explore this in the next section.

4 Spatial Resolution Tradeoffs

While the bit rates attainable from decreasing the tem-

poral resolution of the periphery are a significant im-
provement over the original sequence, they are not suiR-

ciently low to accommodate transmission over low-ca-

pacity systems. Strategies involving reducing spatial



resolutions are necessary to further reduce the bit rate.

In our test sequences with the periphery subsampled

to 2 frames/s, the DCT coefficients used to code intra-

macroblocks and the error residue for motion-compen-

sated macroblocks account for 7070 – 80% of the total

bit rate. Therefore, reconsider controlling spatial res-

olutions in the image by:

. limiting the number of DCT coefficients used in rep-

resenting the periphery,

● limiting the number of DCT coefficients used in intra-

macrobloclcs and error residue rnacroblocks in the fovea.

We intend that the free dimension in the user interface

(the distance of the hand from the screen) be used to

control the trade-off between these spatial resolutions.

In addition to the foveated videoconferencing research

mentioned earlier, methods for compromising spatial

resolution in the periphery for the benefit of foveal SP*

tial resolution have been investigated in [12]-[16]. All

of the methods use reduced representations of the pe-

riphery (e.g. through subsampling, scaling, coarse pat-

tern matching, etc.) to maintain image fidelity in the

fovea(e).

Transform based coding systems [10, 11, 14, 16] limit

the number of transform coefficients in the periphery,

either by quantizing them more coarsely, or by simply

eliminating them. These strategies are appealing be-

cause the loss of resolution in the periphery, in favour

of maintaining spatial and temporal resolution in the

fovea, is analogous to the human visual system (HVS),

(For detailed analysis of the repercussions of the spa-

tial characteristics of the HVS on foveated coding, see

[12, 13]. For investigations of the temporal characteris-

tics of the HVS, see [6, 17],)

The number of DCT coefficients used in the fovea can

also be restricted in order to reduce a sequence’s av-

erage bit rate. The number of coefficients retained for

foveated intra-macroblocks should be at least as great aa

the number of coefficients retained for peripheral intra-

macroblocks, because coarser resolution in the fovea than
in the periphery defeats the purpose of foveation,

The role that the number of error residue coefficients

plays in the fovea spatial resolution is less clear. Mo-

tion predicted macroblocks have the same spatial res-
olution as the macroblocks from which they are pre-

dicted. This could be considered sufficient reason for

discarding the error residues entirely from the fovea,

However, if a motion predicted macroblock relies on

an area outside of the fovea for its values, its spatial

resolution will match that of the periphery instead of

the fovea. Furthermore, the appearance of two super-

imposed macroblocks, resulting from a bidirectionally

predicted macroblock without error compensation, can

be more visually disturbing than the spatial resolution

would suggest. Therefore we examined two strategies for

handling the DCT coefficients representing error residue

macroblocks in the fovea, In the first strategy, we limit

the number of error residue coefficients to the same num-

ber as the intra-block coefficients. In the second strat-

egy, we dispense with the error residues entirely.

Because of the processing time involved, we wish to

avoid recoding DCT coefficients using a different quan-

tisation level. Instead, the rate adaptor first decodes

the requested number of coefficients from the input bit-

stream. (Because the coefficients are run-length en-

coded, more coefficients than requested may be decoded.)

The rate adaptor must then introduce an ‘End of Block’

code into the modified bitstream which is transmitted to

the user’s terminal. The EOB code is either 2 or 4 bits.

To eliminate the error residues, we remove the coded

block pattern flag (’macroblock.pattern’ [1]) from the

macroblock headers, and exclude all error blocks from

the recoded bitstream,

Our preliminary tests on spatial resolution tradeoffs have

focused on two sequences which are representative of the

picture content for which the adaptive foveation system

is intended. The question in which we are interested is

“If we increase the number of DCT coefficients in the

fovea by n, by how many must we reduce the number

of DCT coefficients in the periphery?”, The tests are

intended to establish the feasibility of creating design

curves that answer this question, leaving control of the

subjective video quality tradeoffs at the discretion of the

user. Using the free dimension in the user interface, the

user will control the discrepancy in resolution between

the periphery and fovea. The rate adaptor will use the

design curves to trade off the two spatial resolutions

while maintaining a constant bit rate.

The pictures in figure 4 are single frames from our test

sequences. The number of DCT coefficient representing

peripheral blocks is limited to 5, while the fovea is at full

spatial resolution. In both sequences, the camera is not

steady (due to mechanical vibration), so the peripheral
motion vectors in the P and B frames are often nonzero.

The peripheral/foveaJ spatial resolution tests used fixed

window sizes, encompassing a plausible region of interest

in each sequence. In each of the ‘class’ and ‘shoplifter’

sequences, the fovea’s area is 6x6 macroblocks. The

frame rates are 25 frames/s and 30 frames/s, respec-

tively; the sequence durations are 11 seconds, and 10

seconds.

Design curves to tradeoff the spatial resolutions are rep-
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‘Class’ sequence

Image size: 320x240 pixels

The fovea is 6x6 macroblocks, and is centred on the

figure of the lecturer at the blackboard. The movement

in the sequence consists of the lecturer drawing on the

blackboard, students shifting about in their desks, and

one student entering through the door on the left and

seating herself in front of the lecturer.

Figure 4: Test sequences

resented by contours of constant bit rate in the foveal

spatial resolution/peripheral spat ial resolution plane.

Iso-bit rate contour graphs are presented in figure 5 for

the ‘class’ and ‘shoplifter’ sequences. The graphs on the

left result from discarding the error compensation infor-

mation from motion predicted macroblocks in the fovea.

For the graphs on the right, the DCT coefficients repre-

senting the error compensation information were limited

to the same number as the DCT coefficients used to rep-

resent intra-macroblocks in the fovea.

If the free dimension in the user interface only provided

control points in one spatial resolution dimension, the
rate adaptor would be responsible for the complex task

of estimating the tradeoff required in the other spatial

dimension to maintain a constant bit rate. Since the

rate adaptor is constrained in terms of the computa-

tional load it can accept without endangering the real-

time delivery of video to its receivers, this scheme is
infeasible. Our solution is to use the cent ours of con-

stant bit rate as design curves to be used by the rate

adapt or. The design curves lie in the foveal spatial reso-
lution/peripheral spatial resolution plane. These design

curves function as lookup tables, where each lookup t a-

ble is associated with a specific bit rate. The current

lookup table is chosen by the rate adaptor based on the

fixed peripheral temporal resolution, the cuu-rent fovea

size, and the capacity of the receiver’s channel.

The dlst ante between the user’s hand and the screen

provides one control point. This point can be consid-

ered as an index into the lookup, or a mapping onto

the design curve. At the control point on the design

curve, the rate adapt or reads off two values: the periph-

eral spatial resolution and the foveal spatial resolution.

The rate adaptor is guaranteed that this combination

of spatial resolutions is within the carrying capacity clf

the receiver’s channel. The user is free to interactively

adapt the image appearance subject to their individ-

ual preferences (e.g. amount of peripheral detail versus

foveal detail).

The design curves are very dependent on the picture’s

physical characteristics (e.g. size, chroma subsampling,

etc. ) and its content (e.g. amount and extent of mo-
tion). We intend to investigate the possibility that the

design curves for sequences used in same application are

sufficiently similar to allow the sharing of common de-

sign curves. Ideally, the rate adaptor would be trained
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Figure 5: Spatial resolution tradeoffs — MPEG bitstream

for a specific application to create custom design curves.

For instance, for a remote tele-education system hav-
ing a fixed classroom with a relatively constant number

of students, the rate adaptor could be trained at the

beginning of the term, and therefore provide adaptive

foveated video at reliable bit rates throughout the term.

5 MPEG Overhead of Foveation

All of the implementations of bit reduction strategies

have been developed with the constraint that the mod-

ified bitstream must conform to the MPEG-2 standard.
We have investigated the cost of including information

(’null’ information) in the bitstream whose only pur-

pose is to maintain MPEG conformance, for example
the ‘transparent’ slices in discarded peripheral frames.

We allow that MPEG headers above the slice level (ex-

cept for the GOP header) serve a purpose beyond con-

formance. Slice headers in I frames and in the fovea are

also considered necessary.

The graphs in figure 6 show the bit rates that result from

discarding the null information, and therefore counting

just the ‘essential’ bits. The contours shown are for

the same bit rates as in the true MPEG bitstream tests

above. Although we have compromised the MPEG le-

gitimacy of the bitstream, the graphs for each sequence

have the same general shapes as their true MPEG coun-

terparts above. This shows that the cost of the MPEG
overhead is const amt as we move along the design curves.

The relative tradeoffs between the two spatial resolu-

tions appear to be independent of the MPEG constraints

on the bitstream.

Figure 7 shows the cost of the true MPEG bitstream

compared to the essential bit stream as a function of

fovea size. The ‘shoplifter’ test sequence was used with

full spatial resolution in the fovea. For the graph on the

left, the peripherzd spatial resolution was limited to the

dc coefficient; for the graph on the right, the periphery
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Figure 6: Spatial resolution tradeoffs — ‘Essential’ bitstream

was at lull spatial resolution.

The cost of MPEG is inversely related to the fovea size

because the number of transparent slices and zero-motion

predicted macroblocks required increases as the fovea

size decreases, For the relative fovea and periphery sizes

shown here, the cost of the MPEG overhead iB 14–30

kbits/s. For low bit rate foveated sequences around 200

kbits/s, this overhead constitutes between 7’ZOand 15%

of the total bit rate. Note that we have been generous

in classifying much of the MPEG-2 syntax as essential.

For example, Sun and Zdepski [18] conclude that miss-

ing quantisation matrix information in picture headers

causes only slight degradations in the quality of recon-

structed sequences.

These graphs also illustrate the advantages of relaxing

the MPEG conformance constraint. The design curves

from the true. MPEG streams have been shifted along

the peripheral spatial resolution and foveal spatial res-

olution axes. The consequence is an improvement in

image quality at the same bit rate as the true MPEG

stream.

6 Conclusions

We presented a network-based rate adaptor which de-

livers individually prioritized video streams to multiple,
independent clients. Low data rat e transmission for

realtime video delivery over restricted-capacity trans-
mission media is accomplished by adaptive foveation of

the image sequence. We have identified five main di-

mensions of control (two temporal and three spatial)

over the foveated bitstream. For the sake of the quality

of video in the fovea, we constrain the foveal temporal

resolution to the original frame rate. The amount of

temporal subsampling in the periphery is preselected by

the user, based on the picture content.

Using a subset of the many dimensions offered by a

versatile user interface device, such as the 3D mouse,
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Figure 7: Cost of MPEG overhead

we allow the user simple and intuitive control over the

fovea size and the spatial resolution discrepancy between

the periphery and the fovea. We presented examples of

curves of constant bit rate in the foveal spatial resolu-

tion/peripheral spatial resolution plane. The rate adap-

tor maintains a constant bit rate by trading off the pe-

ripheral and the foveal spatial resolutions according to

these design curves. We found that by sacrificing the

MPEG conformance of the bitstream, the design curves

are shifted along the spatial resolution axes towards finer

resolution. The consequence of this shift is better video

image quality for the user. However, the shapes of the

design curves are relatively unaltered from their true

MPEG bitstream form, indicating that the cost of the

MPEG overhead is constant for constant bit rate spatial

resolution tradeoffs.
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