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DESCRIPTION
VARIABLE DISPLAY RATE IMAGE CODING

The present mventlon relates to the encodmg and decoding of
digital wdeo image frame sequences partlcularly, but not exclusively, for
interactive systems where the decoded image display rate is required to

be variable under direct or indirect user control.

An example of such an interactive system would be a car racing

video game where the'player"centrola the speed of the car. With a

coded image sequence providing the view from the car, the speed of

play of the image sequenee should depend on the speed of the car.
A simple teehnique v_vould be'to vary the rate at which decoded
frames are presented for display. In some systems such as Compact
Disc interactive (CD-i) it is possible to run the decoder in a single step
mode so that the controlllng appllcatlon program can trigger the display
of new source frames at rates up to the display output frame rate. This
would allow, for example, half speed display by triggering the single
step mechanism at every other display output frame scan, giving the
effect that every frame in the input sequence appears for two output
framea. Some display rates will require a simple pattern such as this
where a hew input image is triggered once in every N output frames.
In other cases the pattern wiII be more irregular so that, for example,
the pattern might be to move from the first input |mage to the second
after two output frame times, from the second to the third after three

frame times and from the third to the fourth also after three frame

. times. This sequent:e, if re_peated', would 'give an overali rate of three

input frames used during every eight output frames, which gives a 3/8
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speed play. If the required speed of play is not a simple fraction such
as this then there may be no regular repeating pattern.

" This technlque has ||mstat|ons ConSIdermg a system designed
for European TV display as an examp_le, thls_ may have a maximum
decode rate of'25 frarnes per second | If we wish to simu!ate a car
which has a maximum speed of 100 kmh then the rate at which new
frames of data will be presented wrll be 12 5Hz at a simulated speed of
50 kmh and 2.5 frames per second at a srmulated speed of 10 kmh.
The effect of thls wrll be very jerky movement at Iow speed

The jerkmess may be reduced by havrng the maximum decode

rate correspond to, say, half maximum speed and skipping frames at

- speeds above thIS Thrs techmque is mapproprlate, however, where the

image sequence has been encoded usrng motion predlctron techniques:

~ whilst the motion predrctnon allows a reductron in the amount of data

required to code a frame from the irn.ag_e'sequenc_e where there is data

defining similarities between the freme and other frames in the

_ sequence, skipping frames will lead to errors in frames which are based

on them. This apphes partlcularly to lmage sequences coded according
to the MPEG standard.
‘The MPEG standard recognlses three types of plctures (frames)

namely intra-pictures, predrcted plctures and rnterpolated pictures,

generally referred to as I-, P-, and B-plctures respectlvely A typical
MPEG picture sequence is shown in Figure 1 of the accompanymg

drawings. I-pictures are speclflcally mtended to provide access points -
‘for random pictures and a_s such they are coded complete, with only
limited compressiOn. P-pictures are coded 'with reference to a past (i or

P) picture and often form a reference 'for.future P-pictures. B-pictures
have the highest degree of compres's'ion but require both a past and

future reference for their generation. From this can be seen how the
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technique of skipping frames will lead to errors, especially if it is an I-
or P-picture framé which is dropped.

Whilst it is possible in principle to decode all frames of a
'sequencé at faster than the display device frame rate and then select
only some for display, practical decoders tend to have a limit on
decoding rate at the d_is_'pléy device rate (such as the 25Hz rate
mentioned above). There may also be a limit on the bandwidth of the
coded data channel which is delivering input data to the decoder which
~will pl__ace a further limit on the rate at which frames are presented. for
display, regardiess of whether all frames are decoded or some are

skipped.

It is therefore an object of the present invention to provide, inter |
alia, a method of encoding which reduces the above-mentioned
proble_ms of jerky images at low sequence display rates and skipping
frames from prédictively coded sequences at relatively higher display
rates. . |
In accordance with the present invention there is provided a

method for encoding a sequence of video images comprising the steps
of: |

a) for each of n successive image frames, where n is an

| integer gfeater than 1, spatially compressing the frame to less than or

equal to 1/n times lts onglnal area; and .

b) arranging the n spatially compressed frames in a non-
overlapplng manner in.a further image frame;

wherein steps a) and b) are performed for successive groups of
-n images of the video image sequence to be encoded, and the resultant
sequence of _further_ image frames is then encoded using a

predetermined image seqyence'coding scheme.

Sheet Has: Been Rep]aced
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By reducing the size of the frames and forming them into further
(multiple image) frames prior to encoding will result in reduction of the

amount of data it is necessary tb'_tr'ansmit. ‘ Also, where there is a

degree of consistency between successive frames (as with a moving

image sequence) and the arrangement of spatially compressed frames
is the same from further frame to further frame, further reduction may
be obtained by using, for the 'seQUencé coding scheme, a predictive
coding scheme suitably according to the MPEG standard.

Also in accordance with the present invention there is provided

- a method of decoding a sequence of video images encoded by the

 above-recited method and comprising the steps of:

a)  decoding the 'enc_oded sequence, according to the
predetermined coding scheme, to recreate the sequence of further
image frames; ' : )

b)  determining a desired display image réfresh rate; and

¢)  generating a constant frame rate display imag'é sequence
by selecting one or more compressed image frames from each further
image frame in-de’pendehce'on the desired display image refresh rate.

As will be recognised, by obtaining two or more corhpressed
frames from the decoding of one further frame eases the pro'blems of

jerky images and skipping frames, particularly for predictive coding

' schemes. By obtaining the compressed frames at up to n times faster

than the decoder full frame decoding’ rate, the'di'sr.ilayed image update
rate at which each of the (compressed) images is to be displayed in
order (the threshold rate) is 1/nth’_"th'at' for the case where skipping
frames is inipractical leading to an n times increase in the update rate
for desired image rates below the threshold. |

The present invention further provides encodihg’ and decoding

apparatuses emboinng' this coding scheme, together with further
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features of the methods of encoding and decoding, as defined in the

attached claims, to which reference should now be made.

Further features and advantages of the present invention will
become apparent from reading of the following description of preferred
embodiments of the invention, by way of example only, with reference
to the accompanying drawings in which:

Figure 1 schematically represents a conventional video frame
sequence according to the MPEG standard;

Figure 2 represents a modified frame sequence according to the

present invention;

Figure 3 is a flow chart representing output frame selection;

Figure 4 is a diagram of encoder apparatus embodying the

" invention; and

Figure 5 is a block diagram of a decoding and display apparatus

for use with the frame sequence of Figure 2.

The basic idea behind the present invention is to increase the
effective maximum frame raté from the encoder/decoder system by
dividing each input frame into two or more spatially smaller frames. The
technique also allows image frames to be skipped without disturbing an
MPEG decoding scheme. Thisis iil_ustrated in Figure 2 which shows the
first niné coded MPEG frames of such a sequence. It can be seen that

each (further) frame is divided into two parts, with each part having one

" image from the sequence. ‘Thus M1, the first MPEG coded frame, has

the first two images from the sequence (S1 and S2) contained within

it. M2, the second MPEG coded frame, has the second and third

images from the input sequence (S3 and S4), and so on. It will be

appreciated that this technique requires the d_e_coder which makes these
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images available for display to have the capability to select part of thé
image for display, as will be deséribed below. '

If the system is to run at normal speed then input MPEG coded

frames (M1,M2 etc) are decoded at a rate of one half the output frame

rate. On alternate output frames the source of the display image is
swapped between the tqp’ and bottom hal_v'e"s' of the i'mage. Taking the
sequence illustrat_ed in Figure 2 then for the first displayéd output
frames the top half of M1, the bottom half of M1, th.e top half of M2
and so on will be displayed. The result is that input sequence images
$1,82,53,54 and so on will be displayed in the correct sequence.
When running the system at speeds (image update rates) other

than normal, it becomes necessaki'/ to either 'repeat input sequence

-images (for lowér speeds) or s'electively'skip images (for higher speeds).

The maximum that can be achieved where n input images are packed

" into-an MPEG frame is n times normal 'imag'e'updé'te rate, without

disturbing the MPEG decoding sequence as described previously. A
suitable technique for selecting the appropriate sequence of output
frames will now be described with reference to the flow chart of Figure
3. _ _ _

The first step 110 comprises setting a current input frame pointef
to a starting position in the input image sequence. As this starting
position value may not be a whole number, the next step 112 is to take
the integér part of the framé pointer value to ép_eci‘fy a first input frame.
From this first input frame, the first output frame is generated (with
repositioning and/or resizing of the image as desired) at step 114.

To determine the next frame it is first necessary to calculate the
input velocity value (at step 116) based on user input, in order to
determine the output frame update rate. The input velocity value

(which is the number of iriput frames used in prqducing one output
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frame and is not usually an integer) is then added to the frame pointer
at step 118 and, unless the seq:uence is completed (determined at step
120), the procedure loops back to step 112 where the integer part of
the frame 'pointer plus input velocity vallje determines the next input

‘frame to be output.

Some examples of the selection of input sequence images
selected for different displayed image _update rates is given in Table 1
below, with reference to the two input sequence images per MPEG

frame arrangement of Figure 2.

Table 1
Output MPEG Data Displayed at Rate x Normal Update
:ll:r'::er Rate = ¥ | Rate = % | Rate = 1 | Rate=1%% | Rate = 2 l
1 s1 - S1 S1 S1 S1
2 's1 S1 S2 S3 S3
3 S1 s2 S3 sS4 S5
4 S2 S3 sS4 S6 s7
5 S2 s3 S5 S7 s9
'l‘ 6 S2 s4 S6 S9 S11
B s3 S5 S7 . s10 s13
|| 8 83 S5 S8 s12 S15
|| 9 S3, S6 S9 $13 S17

From Table 1 it can be seen how any variation up to twice the
MPEG frame decode rate may be displayed by using a pattern of
changes between successive MPEG frames and between the input
sequence images within them. The pattern may or may not be
repeating and will depend on, amongst other things, whether the

displayed image update rate is constant or changing.
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The effect of thrs in the example descnbed earlier is that the
|mage update rate can be marntamed over a wider range of simulated
car speeds If the |mage sequence is mrtrally produced for a car speed
of 50 kmh (perhaps by attachlng acamerato a car travelling at 50 kmh
around a race track) then simulated vehlcle operatlon in the range 50 to
100 kmh wiill result ina full 25Hz rate of presentation of new images.
As the speed reduces below 50 kmh then the update rate of new
images will slow. In the case of a 10 kmh speed which i in the example
above produced an unacceptable i rmage update rate of 2.5Hz we seen
an improved 5Hz update rate.

In use, the selection of the next |mage frames includes selectmg
which area of the coded frame M to read from and/or selectmg the next
coded frame. As each operation takes a finite time, it is preferable to
minimise situations where both onerations are required between two
successive image frames, by optimising the arrangement of image
frames with reference to the most likely speed required. The layout of
Figure 2 is optimised for running at maximum _speed (i.e Rate = 2;

Table 1) where the skipping of every other image frame means that the

operation of selecting which area of the coded frame to read from is not

required as it is the same from frame to frame. At medium rate (Rate
= 1) however, both operations are required every alternate image
frame, followmg S2, S4, S6 etc. |
An alternate arrangement optlmlsed for speeds at or below Rate
= 1 inverts the arrangement of image frames in every alternate coded
frame of Figure 2 such that the first image frame in a coded frame is in
the same position as the last image frame of the preceding frame.
Consequently, where the full image sequence is displayed, there is
never a need to select image frame position when selecting next image

frame and vice versa. At speeds above Rate = 1 however, both



10

15

20

25

WO 96/18266 PCT/IB95/00950

selections are required to be made or more irregular sample patterns
('still averaging out at the des.ired rate) have to be used.

;l'his latter arran'gernent is particularly us._eful where image frame
skipping is not provided for and the maximum refresh rate corresponds
to Rate = 1, in other words where every image frame appears at least
once. Having all ima.ge' .framee displayed one or more times,
acceleratien and deceleration of the refresh rate may be handled more
easily and smoothly as it is a relatively simple matter to arrange to
repeat an image frame et sl'rort notice, whereas attempting to recapture
a dropped frame is altogether more problematical. _

A suitable form of er}coder for the system is shown in Figure 4,
with a received sequence of video image frames being input to a

compression stage 10 where they are reduced in size to occupy an area

determined by the mjmb_er to be included in a further (MPEG) frame.

For the example of Figure 2, each image frame (S1, S2 etc) is reduced
to occupy an area no larger than half that of the MPEG frame M1.
There are a number of known techniques for reducing the area of a
frame and suitable one would be, where the image frame is composed
of a number of vertically al_i_gned horizontal lines of pixels, to perform
block averagingIOf suceessive groups of n lines to produce a single line
of averaged plxel values. A cruder technique would be to omit n-1 out
of every n lines to achteve ann tlmes reduction in vertical height of the
image, although this is not preferred due to aliasing effects that it will
introduce.

a Formmg the compressed input frames into MPEG frames may
smtably be done by readlng them sequentially into a frame store
memory dewce 12 and every n lnput frame periods, reading the
contents of the store out to an encoder stage 14 under control of an

encoder control unit 16 clocked in synchronism with the input video
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rate. The encoder stage 14 con'figuration will depend on the particular
coding scheme'employed' for a predrctlve codrng scheme according

to the MPEG standard it will typrcally comprise a number of frame

‘memories and comparators as will be underst_ood by the skilled

'~ practitioner.

Whilst shown in Flgure 4asa clocked hardware devrce, it will be
understood that the encodmg procedure ‘may be carrred out off-line
wholly or partrally in a software |mplementat|on In such a case, the
stages of compression 10 and encodrng 14 may be consrdered as
arithmetical mampulatrons of dlgrtal vrdeo data streams.

Followrng encodmg, the MPEG data stream is then stored in an
appropriate form, such as recordlng onto a compact drsc - Where the
data stream rs to be decoded by a decoder havrng an adaptable
capabllrty for handlmg MPEG frames contarnrng drfferlng numbers of
rnput sequence frames, the data stream stored preferably includes data
specifying the arrangement of the input sequence frames

A decoder and display archrtecture for an lnteractnve system is
shown in Flgure 5. The system CPU 20 obtalns the encoded MPEG
data stream from on-drsc storage by tnggerrng read out of successive
frames by disc reader 22 at a rate determined by a rate signal input to

the CPU from a user control 24. The user control 24 may be any

‘'suitable form of input device such as a keyboard ‘mouse or joystick.

Returning to the example of the travelllng car, the rate signal may
represent a current or desired speed or ‘acceleration on the basis of

which the CPU calculates the approprrate dlsplay image update rate for

~ the instantaneous vehicle speed and the correspondrng requrred frame

read-out rate from the disc reader 24. Followrng read-out, the MPEG
lmage frames are passed to a decoder stage 26 which applies the

approprlate decoding to recreate the sequence of full MPEG image
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~ frames such as that of Figure 2. This sequence is then stored in a

random access frame store meinory 28 with a set patt'ern' of memory
address allocation to MPEG 'ffam'e position: in this way, the area of an
MPEG frame corresponding to an included input sequence frame may be
simply read out from known rhémory addresses.

The reading out of required'input seduence frémes from the frarhe
store 28 is carried out by image select unit 30 under control of the CPU
20, with the image select unit 30 outputting a display image frame
sequence comprising selected input sequence frames (such as those
shown in Table 1) at the réqUired frame rate for display on television
unit 32. If the display image frames are to occupy an area of the

television screen corresponding to their compressed size, no further

“treatment of the frames is required. |f the frames are to cover a larger

area of the screen, an expansion unit 34 may be provided between the

image select unit 30 and television 32 to "stretch” the frames as

" required. Techniques for expandih'g:images will be known to the skilled

practitioner and may, for example, include distributing the image data

over a wider area and using filtering technigues such as linear or non-

" linear interpolation to generate intermediate values or may simply

comprise repeating blocks of data to fill gaps. An important
consideration for the expansion unit 34 is that, whichever technique is
used, it must not unduly delay dis'.bluay of images to the extent that a
noticeablé interval accurs between the user séﬁ_ing arate value and that
value being implemented in the display.

It will be .understood that the technique described trades image
area or resolution against image display .rate. In the example of Figure
2, the effect of halving the image area is to maintain full display rate
over a two to one speed range and to double the update rate when the

speed drops below this rate. As mentioned, it would also be possible
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to pack”more_t'hah =tw_o images into each MPEG frame. If three images

were packed per frame then the speed ratio over which the full rate

|mage updated could be supported would be mcreased to a factor of
three range and the rmprovement in rmage update rate when the speed
falls below thls__ range _would_ be a factor of three.

' - From read_ihé .the_ present Qisclosure, other madifications will be
apparent to persohs sk__illed.in the art. Such modifications may involve

other featu_re's'whieh'are already known in the design, manufacture and

~ use of video signal encodilng and decoding systems and devices and

component parts“thereof and which may be used instead of or in
addition to features already descrrbed herein. Although claims have
been formulated in thrs applrcatlon to partlcular combinations of
features, it should be understood that the  scope of the disclosure in the
present applrcatlon also mcludes any.novel feature or any novel
comblnatlon of features dlsclosed herein either explicitly or implicitly or
any generallsatlon thereof whether or not it relates to the same
invention as presently clarmed |n any clalm and whether or not it
mitigates any or all of the same techmcal problems as does the present

invention. The applrcants h_ereby give notice that new claims may be

formulated to 5uch_ features and/or combinations of such features during

the prosecution of the preseqt_application or of any further application

derived therefrom.
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1. A method for encoding a sequence of video images
comprisihg the steps of: '

~a) for each of n successive image frames, where n is an
mteger greater than 1, spatially compressing the frame to less than or
equal to 1/n times its original area; and

b)) arranging the n spatially compressed frames in a non-

overlapping manner in a further image frame;

wherein steps a) and b) are performed for successive groups of
n images of the video image sequence to be encoded, and the resultant
sequence of further image frames is then encoded using a

predetermined image sequence coding scheme.

2. - A method as claimed in claim 1, wherein each of the n _
image frames is subjected to vertical compression and the n frames are

then arranged in vertical alignment in the further image frame.

3. A method as claimed in claim 1 or claim 2, wherein the
encoded sequence of further image frames is modified to include data
specifying the arrangement of the n image frames within each further

image frame.

4. A method as claimed in claim 1, wherein the first of each
group of n spatially compressed frames is positioned in a further image
frame at a location corresponding to the last of the group of n spatially

compressed frames in the preceding further image frame.

5. A method of decoding a sequence of video images

-
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encoded by the method:.of claim 1, ccmprising the steps of
~a) decodmg the encoded sequence, accordrng to the
predetermlned coding scheme, to recreate the sequence of further
image frames; ..
- b) determining a desired display image refresh rate; and

c) generating a constant frame rate drsp!ay image sequence

by selecting one or more compressed i |mage frames from each further

image frame in dependence on the desired display image refresh rate.

6. A method as claimed in claim 5, ‘wherein, where the
desired display image refresh rate is below-a'predetermined 'threshold
rate, all of the spatially compressed images are selected for display with
one or more of them being displayed twice or more in succession, and
where the desired display image refresh rate is above the threshold, one

or selected ones from the sequence of spatially compressed frames are

 omitted from the display image sequence.

7. A method as claimed in claim 5, wherein for a
predetermined maximum value of desired diSpley image réfre.-sﬁ" rate, the
display image sequence comprises one spatrally ccmpressed image from

each successive further i image frame.

8. | Apparatus for encoding a sequence of video lmages, the
apparatus compnsmg ' ' '
_input means for receiving a sequence of video image frames;

compression means connected to receive successive frames from

-the input and reduce each to less than or equal to 1/n times its original

area, where n is an integer greater than one;

frame arrangement means connected to the compression means

R

Ll
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and operable to take n successive spatially éompressed frames and
arrange them in non-overlapping manner in a further image frame; and

___frame encoder means coupled to receive the furtherimage frames
output from the frame arrangement means and operable to encode the
said further image frames according to a predetermined image sequence

coding scheme.

9. Apparatus as claimed in claim 8, wherein eac.h input video
image frame is composed of a plurality of vertically alig'r'\'ed horizontal
lines and the compression means is arranged to vertically compress a
frame by generating a horizontal line of averaged pixel values for each

successive group of n lines.

10. Apparatus as claimed in claim 8, wherein the frame
arrangement means comprises a sequential memory device into which
the image data for the n spatially com'pressed frames is sequentially

written.

11. Interactive decoding apparatus operable to decode for
display a sequence of video images encoded by the method of claim 1,
the apparatus comprising:

signal input means arranged to receive the encoded sequence;

decoder means connected to the signal inpufc and operable to
decode the received sequence, according to the predetermined
sequence coding scheme, to generate a sequence of the further image
frames;

user input means arranged to output a rate signal, determined by

user input, within a specified range and indicative of a desired display

* [ L M S *

image refresh rate; and
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image selection means coupled to the decoder means.and the
user input means and operable to generate a constant frame rate display
image sequence by selecting one or more cofnpres_sed image frames

from each f'urth‘er image frame in dependence on the rate signal.

12. Apparatus as claimed in claim 11, further comprising
expansnon means connected to receive the selected compressed frames
from the i image selection means and operable to expand each received

compressed frame by use _of_a frllter..
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