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(57) Abstract

A video signal has a data location which indicates whether the signal is originally derived from an optical image by a cam-
era source or a telecine. This data is used (140, 136) in a projection display which received an interlaced video signal and which
comprises a spatial light modulator (110) in the form of a deformable mirror device (DMD) so as to selectively vary both the in-
terpolation mode and the updating mode used in the DMD. In one interpolation mode, a complete frame of image data is inter-
polated from one of the interlaced input video fields, so as to reduce motion artefacts (Fig. 12). In one updating mode, (mode B)
odd lines are updated at the commencement of one field and even lines are updated at the commencement of the next, and so on

(Fig. 9).
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VIDEO SYSTEMS

This invention relates to video systems, and more
particularly to such systems in which a processed or transmitted
signal can be derived from a camera source or from a film source.

Present day television systems operate on the interlaced
scan principle. This means that for the 625 line system used in
Europe, the odd numbered lines are scanned first, followed by the
even numbered lines. Therefore a complete televisionrpicture
consists of an "odd field" of 312.5 lines and an "even field" of
312.5 lines, the period of each television field on the 625 line
system being 1/50th of a second, hence it is described as "625/50".
A complete picture has a period of 1/25th of a second. The other
main TV system to be discussed, 525/60 as used in North America and
Japan, is exactly the same except that there are 525 lines and the
field period is 1/60th of a second. It is described as "525/60".

When an electronic camera scans a moving image, since the
even lines are scanned 1/50th of a second after the odd lines, there
is image displacement between the odd and even fields.

When scanning film on the 625/50 line system, it is usual to
operate the telecine at a film speed of 25 film frames per second,
to provide a simple 2:1 relationship between television fields and
film frames. This means that one odd and one even television field
are obtained from each film frame. Since the odd and even fields
are obtained from the same film frame, in this case there will be no
image displacement between these particular odd and even fields,
even if there is displacement of images between film frames.

The situation is similar but slightly different on the
525/60 system, since film is then operated at a speed of 24 frames
per second to give a 3:2 relationship with television fields. This
means that three television fields are obtained from one film frame
and two from the next, and so on, repeating. It has been known to
operate at a film speed of 30 frames per second on the 525/60
system, in which case we will have the simpler 2:1 relationship
described for the 625/50 system, but this is normally less

satisfactory.
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We have appreciated that the receiver display can be
improved if the receiver or the intermediate processing equipment is
told whether the transmitted signal came originally from a camera
source or a telecine (i.e. film scanning equipment).

In accordance with this invention in a first aspect we
propose a video signal having a data location which indicates
whether the signal is originally derived from an optical image by a
camera source or a telecine. This data location may conveniently
form part of a teletext multiplex or may be carried in any
convenient data location in the signal. Typically this data
location will be in the frame blanking.

The invention also provides a video transmitter for
transmitting such a signal, processing circuitry for processing such
a signal, and a receiver for receiving such a signal. The receiver
includes means responsive to the data in the data location to
command signal processing means operative on the received video
signal to operate in different respective modes. .

The invention in its first aspect is particularly suited for
use with video display systems based on the use of a spatial light
modulator, and especially though not exclusively to the type of
spatial light modulator which has become known as a deformable
mirror device or DMD.

For a background description of several types of spatial
light modulator reference may be made to HUIGNARD, J.P., "Spatial
Light Modulators and their Applications, J. Optics (Paris), 1987,
Vol. 18, No. 4, pp 181-186. By way of example another type of
spatial light modulator is deécribed in THOMAS, R.NX. et. al. "The
Mirror-Matrix Tube : A Novel Light Valve for Projection Displays",
IEEE Transactions on Electron Devices, Vol. ED-22, No. 9, September
1975, pp 765-775.

The deformable mirror device is a particular type of spatial
light modulator and comprises a micro-mechanical array of
electronically addressable mirror elements, the elements
corresponding to pixels. Each pixel mirror element is capable of
mechanical movement in response to an electical input. Such
movement is in practice more often a deflection rather than a

deformation but the term deformable mirror device has now become
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accepted as the description of this class of devices. They may be
digitally addressed in which case they can be referred to as digital
mirror devices. The expression DMD covers all of these.

For a description of current DMD technology reference is
made to HORNBECK, L.J., "Deformable-Mirror Spatial Light Modulators”
Proc. SPIE Critical Reviews Series, Vol. 1150, 6-11 August 1989, San
Diego, California, U.S.A., pp 86-102. This paper contains many
references to earlier work and attention is drawn particularly to
references 3, 9, 14 and 23 of that paper. Further details of the
construction of the devices is found in BOYSEL, R.M., "A 128 x 128
frame-addressed deformable mirror spatial light modulator" Optical
Engineering, Vol. 30, No. 9, September 1991, pages 1422-1427.
Attention is also drawn to reference 1 in that paper which is an
earlier publication by Boysel et al. It has been proposed that
DMDs should be usable as projection displays, see e.g. HORNBECK,
L.J., et al., "Deformable Mirror Projection Display", SID 80 Digest,
pp 228-229 (Abstract of presentation delivered July 20, 1980 at SID
Symposium), and United States Patent US-A-4,680,579.

The construction and manufacture of DMDs is further
described in United States Patents US-A-4,615,595 and US-A-4,566,935
and European Patent Application EP-A-0 391 529, all of Texas
Instruments Incorporated.

The following description assumes a knowledge of the
above-noted prior documents, all of which are hereby incorporated by
reference.

The DMD is an example of a class of display devices,
generally including spatial light modulators, having a simultaneous
"scan". That is to say all the pixels are simultaneously
illuminated, as opposed to being successively illuminated by way of
a raster scan as with a conventional cathode ray tube display
device. Such systems will be referred to as "simultaneous-scan
image displays", in which all elements are active at the same time.
This property can create problems when displaying material produced
by interlaced sources, such as video cameras.

Most video signals are interlaced - i.e. they consist of a
sequence of frames, each frame made up of two fields. One field

contains the even numbered lines, the other the odd numbered lines.
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The fields aré arranged in succession, which means that adjacent
lines are time displaced. This is not normally a major problem,
as they are displayed in the same time sequence. However, due to
the "simultaneous" nature of the DMD, all lines are displayed at the
same time.  Therefore if there is any movement between fields,
unacceptable motion artefacts will be introduced when attempting to
display an interlaced video signal.

The simultaneous scan (which is not realy a scan at all) is

to be distinguished from a progressive or non-interlaced scan, in
which the lines are still refreshed sequentially, though without the
conventional interlace. ' '
' In order to overcome the problem of movement between fields,
we propose in accordance with a second aspect of this invention, to
interpolate each field as it is received to create a new frame, and
display this instead of the interlaced frame.

Although this implies some form of storage to allow the
interpolation to be performed, this is in any event required to
assemble the frame from the two fields. In order to reduce
storage requirements, the new lines can be interpolated from the old
ones as they érrive. This implies at least a two-line delay in the
- system. While one field is being interpolated the other (already
interpolated) field will be displayed on the mirrors. Thus every
pizel will be refreshed at the field rate, and not just alternate
lines as in a conventional display.

As the interpolated lines will be replaced one field later
by the correct information, the interpolating algorithm does not
need to be too critical. A simple bilinear interpolation employing
the lines on either side of the new line is therefore suitable.

This requires one addition and a division by two.

Such a system has the disadvantage that it reduces the
vertical resolution of the displa& by half, and may introduce
unwanted noise in stationary scenes, as lines change from
interpolated to original and back. Furthermore, although the
incoming signal may be interlaced, if it was produced on say a
telecine then both fields will come from the same film frame and
- will have no motion between them.

-
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It would be possible to provide that interpolation should
only take place where there is movement, and in stationary areas the
information from the previous field should be maintained.

This aspect of the invention is particularly suited for use
with the first aspect. When the input signal was derived from
telecine, a different display mode can be used than when the input
signal was originally derived from a camera. A camera is an
interlaced scanning source with successive fields relating to
slightly different inStants of time. With a telecine this is not
the case. When a simple 2:1 scan is used in the telecine, the two
interlaced fields relate to the identical instant of time.

In accordance with a third aspect of the invention a
simultaneous scan device displays an image represented by an
incoming interlaced video signal by updating the display at the
field rate, odd lines being changed at the commencement of one field
and even lines being changed at the commencement of the next. Thus
each field is displayed, after it has arrived, with the
previously-received field.

This mode is normally preferred, but in the presence of an
input signal derived from a telecine, the display can revert to
updating at the commencement of each picture consisting of two
interlaced fields, making use of the first aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail, by way

of example, with reference to the drawings, in which:

Figure 1 shows schematically the general arrangement of a
projection system including a spatial light modulator of the DMD
type;

Fiqure 2 is a view of the DMD device indicating the pixel
mirror elements;

Fiqure 3 shows schematically the arrangement of a colour
projection system;

Fiqure 4 shows schematically a portion of Figure 1 in
greater detail;

Figure 5 shows a detail of the mirror array device of Figure
2;
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Fiqure 6 is a schematic side view of a light modulator
mirror element used in one embodiment of the invention;

Figure 7 is a schematic block diagram showing the driver
circuitry for a DMD array;

Fiqure 8 illustrates a video transmission claim showing how
signals from a camera source or a telecine can reach a projection
display of the type shown in Figure 7;

Fiqure 9 is a timing diagram showing how incoming fields of
an interlaced video signal can be applied to a simultaneous-scan
display such as a DMD, when the signal comes from a camera source;

Figure 10 is a diagram similar to Figure 9 for use when the
signal comes from a telecine operating at 525/60/30 or 625/50/25;

Fiqure 11 is a diagram similar to Figure 9 for use when the
signal comes from a telecine operating at 525/60/24; and

Fiqure 12 is a block diagram showing how interpolated lines
can be generated for application to the DMD device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a projection system comprises a
reflective screen (for example a cinema screen) B and a projector A,
positioned and aligned relative to the screen so as to generate a
focused image on the screen.

The projector A comprises a lamp Al, typically rated at
several kilowatts for a cinema application, generating a light beam
which is directed onto a reflective planar spatial light modulator
A2 comprisihg, for example, a DMD array of 512 x 512 individual
pixel mirrors. Each mirror of the display device A2 is
individually connected to be addressed by an addressing circuit A3
which receives at an input A5 a video signal in any convenient
format (for exampie, a serial raster scanned interlaced field
format) and controls each individual mirror in accordance with the
corresponding pixel signal value within the video signal.

The modulated reflected beam from the active matrix device
A2 (or rather, from those pixzel mirrors of the device which have
been selectively activated by the address circuit A3) is directed to
a projector lens system A4 which, in a conventional manner, focuses,
magnifies and directs the beam onto the screen B as shown

o«
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schematically in Figure 2.

As shown in Figure 3, in a three colour system, three
separate active matrix devices A2a-A2c are provided, one driven by
each of three separate colour video signals from the address circuit
A3, with separate illumination arrangements Ala-Alc producing beams
of the different colours. The arrangement may be as disclosed in
United States Patent US-A-4,680,579, for example. The light
reflected from the three devices A2a-A2c is combined (not shown) and
supplied to the lens system A4.

Referring to Figure 4, one type of display device comprises
a plurality of row enable lines A2d and a plurality of column enable
lines Ale. The address circuitrAB comprises an input port
receiving a digital video signal in an input format (for example, a
conventional line scanned interlaced field format), a scan convertor
circuit A3a for converting the input video signal format into one
suitable for display on the device A2, and an addressing circuit A3b

- arranged to selectively activate corresponding pixel mirrors of the
device A2 in accordance with a signal from the scan convertor
circuit A3a. In a colour system of the type shown in Figure 3, the
scan convertor circuit receives a composite colour video signal, for
example, and generates therefrom three separate colour component
video signals supplied to three separate addressing circuits A3b,
one for each display device A2. A clock circuit A3c controls the
timing of the address circuit A3b; in one preferred mode of
operation, as discussed above, the intensity displayed by each pixel
mirror is controlled by controlling the time for which that pixel
mirror is deflected, and corresponding timing signals are derived
from the clock A3c.

Referring to Figure 5, associated with each crossing point
where a particular row line and column line meet, there is provided
a semiconductor switch A2f the control terminal of which is
connected to, for example, a row enable line A2d. For example, as
shown, the switch may comprise a field effect tramsistor, the gate
of which is connected to a row enable line A2d. The source of the
field effect transistor is connected to one of the column enable
lines A2e and the drain to the deflection terminal of a deflectable

mirror device. Thus, each mirror device A2g will, when addressed
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by a row enable signal, deflect in response to the signal applied to
its corresponding column enable line A2e. Each mirror device A2g
and switch A2f combination is arranged to latch the display state of
the mirror device A2g until the next time the mirror device is
~addressed.

An individual mirror element is shown in Figure 6. The
element comprises-a torsion beam 20 in the form of a plate,
supported by a torsion rod 34 which in turn is supported at its ends
(not shown). A substrate 28 carries a pair of control terminals 38,
40 (address electrodes) symmetrically disposed around the axis of
the torsion beam defined by the torsion bar 34. The control 7
terminals 38, 40 are connected to addressing lines (not shown) and a
voltage is supplied to one or other. Also provided on the substrate
28 are a pair of landing electrodes 42, 44 disposed under the edges
of the torsion beam mirror element 20. On the outer surface of the
torsion beam is a reflective coating 36. The landing electrodes 42,
44 are electrically connected to the torsion beam 20, which is
conductive, and is connected to a bias voltage source Vs.

Each modulator has individual control terminal lines Vox,
Vorr connected to the control terminals 38, 40.

In use, generally speaking, the application of a voltage to
one control terminal 40 will set up an electric field between the
control terminal 40 and the torsion beam 20; the voltage supplied to
the control terminal 40 is generally such that the field is
attractive. The beam 20 therefore tends to rotate through an angle
a towards the control terminal 40 depending upon the magnitude of
the field, thus changing the orientation of the torsion beam. The
torsion bar 34 tends to resist any such rotation. If the field is
sufficiently strong the beam 20 will be drawn to make physical
contact with the landing electrode 44; to avoid unwanted discharge
the two are connected in common. The magnitude of the attractive
field is controlled therefore by the bias voltage Vs applied to the
beam 20 and by the voltage applied to the control electrode 40. It
would be possible to simultaneously apply a voltage to the other
control electrode 38, but in practice this is avoided. Depending
on the magnitude of the bias voltage, the torsion beam 20 may have
two or three stable positions.
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At any instant during a display, certain mirror elements 20
will be in their ON position and the other mirror elements will be
in their OFF position, so that the instantaneous picture seen on the
display will comprise a black and white picture. In practice, in
use the mirrors are flipped back and forth between their ON and OFF
positions. Shades of grey can be displayed by varying the
mark-space ratio or effective proportion of the time for which a
mirror is ON. The mark-space ratio may typically vary from black to
white in steps of about 0.05% (some 2000 steps) to provide a high
quality display.

For further description reference should be made to the
documents cited in the introduction of this application.

The manner in which the DMD device is driven will now be
described with reference to Figure 7. The system receives red,
green and blue signals at inputs 100R, 100G and 100B. Alternatively
the signals may be received in Y, U, Vor Y, I, Q form. The input
video signals are processed in analogue processing circuits 102
which control gain and 1ift, and provide for matrixing of the
signals to control saturation, or when required to convert the
signals to R, G, B form.

The signals are then passed to anti-alias filters 104. such
filters are well-known and serve to remove frequency components that
could give rise to problems in the subsequent analogue-to-digital
converters (ADCs) 106. When the signals are sampled, high signal
frequencies above half the sample frequency can be reflected back by
the sampling operation into the low frequency part of the signal.
The filters 104 remove such components. The filters are switchable
in dependence upon the signal format, e.g. 525 or 625 lines, and
conventional or enhanced aperture ratio (4:3 or 16:9).

The R, G and B signals are then applied to separate red,
green and blue channels, each of which has a DMD array 110. Only
the blue channel is shown; the others are similar.

The digital blue colour component signal is first applied to
a gamma corrector 112. The gamma corrector takes the form of a
read-only memory configured as an 8-bit input to 11-bit or 12-bit
output look-up table. The output of the gamma corrector is applied
through a data formatting stage 114 to a frame store stage 116 and



WO 92/09172 PCT/GB91/02035
10

thence to the DMD 110.

The data formatting stage comprises two data format circuits
118 and 120. Each of these holds half a line of data, and they are
arranged so that while data is being written into one, data is being
transfered out of the other into the frame store 116. The frame
store stage is divided into four blocks 122, 124, 126, 128, each of
which can accommodate half a frame of data. The frame store can
thus hold two complete frames (or pictures) of data. This
corresponds to four fields of an interlaced signal. Each of the two
data format circuits has access by a bus 130 to each of the four
blocks of the frame store. The outputs of the frame store blocks
are then applied to the DMD 110. The DMD is divided into upper and
lower halves 132 and 134 which are separately addressed, so as to
reduce the required data rate. The upper half 132 receives the
output of frame store blocks 122 and 124, and the lower half 134
receives the output of frame store blocks 126 and 128.

The system is controlled by a store controller 136 which
supplies appropriate addresses to the frame store 116, and the DMD
110, provides bias and reset pulses to the DMD 110, and controls the
data format stage 114. The store control receives a signal from an
input 138 indicating the start of a new film frame, a signal at an
input 140 indicating whether the picture was originally derived from
an image by a camera or by a telecine, and clock signals from a
clock circuit 142. The clock circuit is driven from synchronising
pulses in the video input, e.g. the green signal, or by external
sync. pulses received at an input 144, as selected by a sync. select
circuit 146. The inputs 138, 140 may in fact be merged into a
single input, as will be apparent from the following.

The display system of Figure 7 is part of an overall video
system as schematically shown in Figure 8. Practically all image
signals will have originally been converted from an optical image
either by a camera 150 viewing a scene or by a telecine 152 viewing

- a cinematograph film 154. Computer-generated images would be an
exception to this. In the diagrammatic system shown in Figure 8,
the camera and telecine produce digital video outputs in accordance
with CCIR Recommendation 601. One or other of the video signals is

selected at any instant by a selector switch 156 and applied to a
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teletext encoder 158 which receives text at an input 160. Other
conventional processing stages are omitted in this figure.

The telecine has a further output line 162 to the teletext
encoder 158 which is high when the telecine output is being passed
through the encoder 158. In response to line 162 being high, the
teletext encoder adds a special flag or code to the video signal to
indicate that the signal was originally derived from a telecine and
not from a camera. The flag may, furthermore, comprise a code
indicating the mode in which the telecine is operating, that is
whether it is converting from 24 frames to 60 fields or from 25
frames to 50 fields, and whether the aperture ratio of the image is
4:3 or 16:9.

The flag or code is preferably included in one of the
unallocated control code locations in the teletext multiplex, see
"Broadcast Teletext Specification" published by British Broadcasting
Corporation, Independent Broadcasting Authority, and British Radio
Equipment Manufacturers Association, September 1976. The flag may
be inserted by the telecine itself rather than by the teletext
encoder. The flag may comprise the presence of a code when the
signal has come from a telecine, and the absence of it when it comes
from a camera. The flag may for example comprise a 3-bit code which
takes the value 000 (or is undefined) with a camera source, and

- other values up to 111 to indicate a telecine and its current
operating paramaters.

Illustratively the signal may then be applied to adaptive
processing circuitry 164 in the studio where it is processed in any
one of many possible ways. Some types of processing, e.g. to remove
blemishes, can usefully be modified if the source of the signal is
known. Thus different processing can be applied dependent upon
whether the signal was derived from a camera source or a telecine
source. In particular, where the processing involves interpolation,
the interpolation algorithm can be modified in dependence upon the
type of signal source.

The signal may then be transmitted for example to a receiver
station comprising a videotape recorder 166. The signal can be
recorded in conventional fashion. Those parts of the video signal
which were originally derived from the telecine will continue to
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carry the source type flag, those that were derived from a camera
will not. The interpolation of the videotape recorder has no effect
on the situation.

The signal is passed from the videotape recorder 166 to the
display unit which can be based on the system of Figure 7, using DMD
devices to project an image on a screen 170. A teletext decoder
172 extracts the teletext signals and either discards them or uses
them as required. However, the source type codes are passed to a
code separator 174 which separates out the source type code and
applies it to the input 140 of the system of Figure 7. This may
furthermore indicate the nature of the telecine operation as
indicated above. The codes may also indicate the point in the field
cycle when a new film frame started to be scanned by the telecine
and this information is applied to input 138 of Figure 7.

The source type codes may be used in other display devices,
for example an enhanced broadcast receiver which upconverts the
received standard to a higher standard. The upconversion algorithm
could be adaptive in dependence upon whether the original signal was
generated by a camera source or by a telecine.

In any event it will be seen that since the source type flag
has been carried by the signal itself, it will survive processing
and editing by any equipment which retains proper integrity of the
signal. As an alternative to putting the code in the teletext
multiplex, i.e. in the frame blanking interval, the code could be
constituted by data in the active picture area. The degree of
corruption of the picture can be arranged to be insignificant.

The manner in which the fields of the interlaced video
signal are applied to the DMD devices will now be described. Figure
9 is a timing diagram showing input television fields and two
possible modes A and B which can be used in the updating of the DMD
display. The input TV fields are numbered as they appear in time, 1
followed by 2 followed by 3 and so on. "0" means "odd" and "E"
even.

It is first assumed that the signal came originally from a
Camera source. Although the incoming signal conforms to the
interlaced standard, it is very advantageous to activate all the

lines of mirrors in the DMD display in one television field period,
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instead of only half the number of rows in the interlaced mode. The
two main advantages of activating all the lines in the DMD display
apply particularly to projection on large screens. The first
advantage is the increased brightness by a factor of two, and
secondly is the elimination of "interlace twitter", a common problem
with interlaced scans, especially when magnified on a large screen.
"Interlace twitter" is a combination of vertical movement and
flicker, caused by the vertical displacement between the two
interlaced scans and the repetition rate of 25Hz. The human eye is
increasingly more sensitive to flicker at frequencies below 50Hz,
therefore the minimum display frequency is 50Hz.

The DMD display requires the picture store 116 of Figure 7
between the incoming interlaced signal and the DMD. Referring
again to Figure 9, the DMD, in modes A and B, displays both odd and
even fields in the time required for one input field to arrive. For
example, in mode A, fields 0l and E2 are displayed while field 03 is
arriving. Also in mode A, 01 and E2 are repeated during the arrival
of E4. When 03 and E4 have arrived, these two fields are also
repeated for the next two incoming field periods. The principle of
mode A is to update the display only after the arrival of a complete
picture of an odd and even field. The problem with this mode is
that E2 is displayed before 01, E4 before 03 and so on, therefore
there will be motion errors, because the fields are displayed in the
wrong sequence.

In mode B each field is displayed, after it has arrived,
with the previously-received field. Thus we have a different type
of motion error where in each displayed picture, only the odd or
even lines are updated alternately. Mode B is preferred since
updating is more frequent.

There are complex interpolation solutions to the above
motion errors. For example when displaying 03, instead of
displaying E4 in mode A, E3, which does not exist, could be
interpolated from 03, or from E2 and E4.

Let us now consider the situation when we have a film source
by referring to Figure 10. Fields 01 and E1l are derived from the
same film frame, therefore there is no motion between these fields.

Thus if we operate in mode A, and wait for 01 and El1 to arrive
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before displaying, we have no motion errors, since the fields are
displayed in the correct sequence. We have appreciated that if the
DMD receiver or projector can be instructed to switch to mode A (if
it was in mode B or an interpolation mode for an electronic camera -
source) improved display will result. As shown in Figure 10, the
flag indicates the start of each film frame, and occurs every 1/25
(or 1/30) of a second.

Figure 10 refers to film sources operating on 525/60/30 film
frames per second and 625/50/25 film frames per second. Film
sources operating on 525/60/24 film frames per second require a
modification to mode A as can be seen by referring to Figure 11.

On this standard, five television fields are produced for every two
-film frames. Thus in the modified mode A, at the display, three
consecutive pictures are produced from one film frame and two
consecutive pictures from the next film frame alternately, the
sequence being repeated every four film frames. The flag occurs
only at the beginning of each sequence, i.e. every four film frames
or ten video fields. Therefore, there are no motion errors due to
incorrect display sequence, but there remains a problem with uneven
motion due to the 3:2 picture display, but all television receivers
suffer from this problem when operating on this standard.

The flag carried by the transmitted video signal, indicates
whether a conventional source is involved, with the interlaced
fields representing time-displaced information, or whether the
signal has been derived from a telecine, in which case certain
fields are derived from information obtained at the same time. The
flag enables the receiver to switch between these modes. As
described above, to this end the transmitter is adapted to introduce
into the signal the flag in response to the signal source. The
receiver comprises a signal processing circuit in the video path
which includes at least a field store and which can be operated
selectively in the two modes A and B. The flag is extracted from

the incoming signal and used to switch the receiver between its two
modes.

e

In Figure 11 the flag fulfils three purposes, (1) the
presence of the flag denotes a film source, (2) the period of the
flag, which is now 1/6th of a second instead of 1/25th or 1/30th as -
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in Figure 10, denotes the standard 525/60/24, and (3) the position
of the flag denotes the fact that the start of an odd field
coincides with the start of a film frame, which only occurs every
four film frames. There are two identical odd fields from every
fourth film frame, and it is necessary to know which is which, so as
to obtain the correct display sequence. The format of the standard
television synchronising pulses provides the necessary means to
detect the start of an odd or even field.

Thus it is seen that the presence of a flag denotes a film
source and therefore the display sequence can be altered to suit a
film transmission, being different from that used for an electronic
camera source. Also, the period of the flag identifies the standard
of the film transmission, and its phase indicates the sequence of
the incoming television fields.

As was noted in the introduction, the DMD device is an
example of the class of 'simul taneous-scan' display devices, in
which motion artefacts will arise when attempting to display an
interlaced video signal. As previously mentioned, the fields can
therefore be generated in the display system at least in part by
interpolation.

Such an arrangement may be implemented as follows. The
first field is read in and interpolated. The next field is sent to
another block of the picture store and also interpolated. At the
same time the incoming data is subtracted from the corresponding
interpolated pixzels in the first 'frame'. These differences are
summed over the whole image and the total normalised to run between
0 and 1.0. If the total is greater than a predetermined threshold,
this implies that there is a lot of movement between fields. A more
sophisticated motion detector could of course be used. The
interpolated lines are used with each field to create whole frames,
and the two frames displayed one after the other. If the total is
less than the threshold, it implies that there is little or no
movement between fields. In this case both original fields can be
displayed together (the interpolated fields are ignored). To
maintain the frame rate, the fields are displayed twice.

An example of suitable apparatus is illustrated in Figure
12. The first field, field 1, is read into to store block 122. It
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is also applied to a line delay 200, and an interpolator 202
receives both the delayed and undelayed signal. The interpolator
supplies interpolated lines to the store block 122. the next field,
field 2, is sent to block 124 of the store and also interpolated by
line delay 204 and interpolator 206. At the same time a
differencing circuit 208 subtracts the incoming data from the
corresponding interpolated pixels in the first 'frame'. A summing
circuit 210 sums the differences over the whole image. The total is
compared with a threshold set in a circuit 212, to determine whether
there is a lot of movement between the fields. If the total error
is small, a switcher 214 selects only non-interpolated lines and
displays the two frames together.

If the total error exceeds the threshold, the interpolated
lines are used.

To reduce the complexity of the system, a simple bilinear
interpolation is again used. The threshold can be set to guard

.against wrong decisions. If the average difference is normalised
between 0 and 1.0, then if displaying the interpolated fields at the
wrong time is less obtrusive than displaying interlaced fields with
movement, the threshold should be set below 0.5 If the converse is
the case it should be set at greater than 0.5 The actual value can
be determined empirically with a suitable set of test sequences.

If a scene consists of a static background with some
movement in a small area of the image, then the system may not be
sensitive to detect this. A way to deal with this problem would be
to test individual blocks of the picture, e.g. separate lines,
against a threshold rather than the whole image. A count of blocks
or lines greater than the threshold would be used to determine what
action is to be taken. The threshold could also change with each
block or line, allowing more weighting to be given to central areas
for instance.

7 Further features that may be used in conjunction with the
present embodiemnt are described in International Patenf
Applications Nos. PCT/GB91/02032, PCT/GB91/02033 and
PCT/GB91/02034 (Agents Refs: 31678, 31974, 31975) the disclosure of
which is hereby incorporated by reference. '
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CLAIMS

1. A video signal having a data location which indicates
whether the signal is originally derived from an optical image by a

camera source or a telecine.

2. A video signal according to claim 1, in which the data
location comprises a data item which is present when the signal was
originally derived by a telecine and absent when the signal was

originally derived from a camera.

3. A video signal according to claim 1, in which the data

location is in the frame blanking interval.

4, A video signal according to claim 1, in which the data

location is in a teletext multiplex.

5. A video signal according to claim 1, in which the data

location is in the active picture area.

6. A video signal according to claim 1, in which the data
location comprises a data item indicating when the signal was
originally derived from a telecine which can take a plurality of

values depending upon the telecine operating parameters.

7. A video signal according to claim 1, in which the data
location is arranged when the signal was originally derived from a

telecine to indicate the instant at which the telecine starts to

scan a new film frame.

8. A video signal according to claim 1, in which the data
location is arranged when the signal was originally derived from a
telecine to indicate the instant at which the telecone starts to

scan selected periodic ones only of the film frames.
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9. A video encoder having a video input for receiving a video
signal and a supplementary input for receiving a signal indicating
whether the associated Qideo signal is originally derived from an
optical image by a camera source or a telecine, and including means
for inserting in a data location in a video output signal a data

item responsive to the signal at the supplementary input.

10. A telecine, comprising means for generating a video output
signal representative of a filw, and means for inserting in a data
location in the video output signal a data item representative of
the fact that the video output signal is serived by the telecine.

11. A telecine according to claim 10, in which the telecine is
operable with variable operating parameters, and in whic hthe data
item can take a plurality of values dependihg upon the said telecine
operating parameters.

12. A telecine according to claim 10, in which the data item is
arranged to indicate the instant at which the telecine starts to
scan selected periodic ones only of the film frames.

13. Video signal processing apparatus having a video signal
input for receiving an input video signal, signal processing means
connected to the input and operative on the input signal selectively
in a plurality of different modes, and means connected to the input
for extracting from the input signal a data item indicating whether
the signal is originally derived from an optical image by a camera

source of a telecine and for commanding the signal processing means

- to operate in a selected one of its modes in dependence thereon.

14, Apparatus according to claim 13, in which the signal
processing means comprises interpolation means for generating a
video output signal by combinations of portions of the input signal,
the extracting and commanding means being operative to alter the
interpolation function used in the interpolation means.
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15. Apparatus according to claim 14, in which the interpolation
means is responsive to the timing or the periodicity of the data

item.

16. Apparatus according to claim 13, in which said apparatus

comprises a display device.

17. Apparatus according to claim 16, in which the display device

comprises a spatial light modulator.

18. Apparatus according to claim 17, in which the spatial light

modulator is a deformable mirrowr device.

19. Apparatus according to claim 17, in which the spatial light
modulator is updated periodically, in which the updating rate is

varied in dependence upon the data item.

20. Apparatus according to claim 16, including interpolation
means for interpolating selected lines of the display, in which the
interpolation means is selectively operable in dependence upon the

data item.

21. A method for displaying an image having at least two
interlaced fields of image data on a simultaneous-scan display
device, comprising the steps of receiving a field of image data,
interpolating a complete frame of imgae data from the received
field, displaying the complete frame of image data on the
simultaneous display device, and repeating the steps for each

subsequent field of image data.

22. A method according to claim 21, including the steps of
detecting where motion has taken place between successive fields
and, in areas of the image where substantially no motion has taken
place, displaying the original fields together without

interpolation.
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23. A method according to claim 22, in which the motion
detecting step comprises subtracting image data in a received field
from image data interpolated from a previously received field,
summing the differences betewen the two fields over a predetermined
area of the image, and interpolating new image data in dependence on
the result of the summation.

24. A method according to claim 23, in which new image data is
interpolated in the predetermined area if the result of the

summation exceeeds a predetermined level.

25. A simultaneous-scan display for displaying an image having
at least two interlaced fields of image data, comprising input means
for receiving fields of image data, means for interpolating complete
frames of image data from the received fields and a
simultaneous-scan display device for displaying the interpolated
frames of image data.

26. A display according to claim 25, including means for
detecting when motion has taken place between successive fields, and
means for displaying the original fields together in areas of the
image where substantially no motion has taken place.

27. A display according to claim 26, in which the motion
detecting means comprises means for subtracting image data in a
received field from image data interpolated from a previously
received field, means for summing the differences between the two
fields over a predetermined area of the image, and means for
switching between image data from the original fields and new image
data interpolated from the most recently received field in
dependence on the result of the summation.

28. A display according to claim 27, in which new image data is
_interpolated in the predetermined area if the result of the

summation exceeds a predetermined level.



WO 92/09172 PCT/GB91/02035
21 "

29. A display according to claim 27, in which the summation is

performed over the whole area of the image.

30. A display according to claim 27, in which the summation is
performed for each of a plurality of blocks of the image.

31. A display according to claim 25, in which the input image

data comprises video image data.

32. A display according to claim 25, in which the simultaneous-

scan display device compriSes a spatial light modulator.

33. A display according to claim 32, in which the spatial light
modulator comprises a deformable mirror device.

34. A display according to claim 25, including meéns connected

to the input means for extracting from the input signal a data item
indicating whether the signal is originally derived from an optical
image by a camera source or a telecine and for commanding the

interpolation means to vary its interpolation function in dependence

thereon.

35. A simultaneous-scan display for displaying an image having
at least two interlaced fields of image data, coprising input means
for receiving fields of image data, a simultaneous-scan display
device for displaying the image data, and means coupled between the
imgae means and the display device for updating the displayed image
data, the updating means being operable in a mode in which the
displayed lines of alternate interlaced fields are updated between

successive displayed fields.

36. A display according to claim 35, in which odd lines are
updated at the commencement of one field and even lines are updated

at the commencement of the next, and so on.
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37. A display according to claim 35, in which the updating means
is operable in a plurality of modes, and including means connected
to the input means for extracting from the input signal a data item
indicating whether the signal is originally derived from an optical
image by a camera source or a telecine and for commanding the

updating means to vary its mode of operation in dependence thereon.

[£ 2



PCT/GB91/02035

WO 92/09172

SUBSTITUTE SHEET



WO 92/09172

/A3 |

PCT/GB91/02

AZe

N7 )

(

A3b

~

1 ADDRESS
CIRCUIT

N7
7

= (LOCK

A3c |

A3a
/

SCAN
= CONVERTOR
CIRCUIT |

DIGITAL
VIDEO

SUBRSTITUTE SHEET

035



WO 92/09172 PCT/GB91/02035

3/7
ng 2. Af Az
/ Z
- Jé@:z I
J\ N T\ 7
42
A2d<
S
L~
\ ;%
| A2
I .
V
Fig.6 78
42 38 347 A 4O ol
SRR
26
‘[VO/-'F on

SUBSTITUTE SHEET



PCT/GB91/02035

WO 92/09172

QNv»\um

b. h | | AL 302105 o,
TS T 1 9w IWVad WTH M3
“ | -Ss3a00Y, L5 ﬁq@ ! 3&2
! TOAINOD | -\ 103135 | PP,
| ewom m [ FaoLs | |0P NAS [ omag
\N L3 821 F | 4 / Y, ‘ / / ]
79 | —— LVNI04 U 22 gl oy
e ) Al 2wom =~ | 2 UE\Q al
| 11!
|_(3m8) |° | 21— | acl , HOLDTNI0D
Avady ana | | _ ' 7 e [ £
/ g/ __ 7= 140079 [~ “ 0 4 w
ol ’ Nw,\\ 4 A LVWAOS |t cll T
& 70 " Y Al “ 4 v.Lva al mg._
Z Z J
| “Ze| O Tz e | E
__ 22901S FNVS | TINNVHD 379 m/ e
— .y — — ————— —— . . N E
Ngy L2 )
q00/
SFLATANOT  |= - > g
TINNVHD NIFFD—=— Tvi/o1q OL | SHILTIS g | ONISSII0dd B4
TINNVHD A3 ~—|  FnooTvny | SVIY-IINv|, 9 | N1901VNV ilmsb\wu pe
%) 2% I Tz 300!



PCT/GB91/02035

WO 92/09172

FdAL F4M10S

AOLVAVAIS (e

INID3T73L

ob1

NIFAIS
NOLLOAr0Ad B, ﬁm aoo S700)
ov/ , MIN Y/
- 8¢/ 2300230
| 4914 -
% ) 0301/ IX313T3L
00/ 7
o/
& O
24302023
—— e e — e
JdvL 03dIA
‘a
FaAL FIAN0S
zor L
ONISSTIONd 4IA0INT |
FALLIYaY INETERET .loVY
7 96/ oG/ oS/
V22Z/4
097

XL

VAIWYI

|

TITUTE SHEET

SURS



WO 92/09172

%

PCT/GB91/02035

/—:/'9. 2,
F/ETI.VDS —=! O/ 034 llos | 6|07 || 28 || 09
DMD o\l 03163 05, 105, 107,/1[07,/1/09
DispLay MODE A — io| k2| 4\ 24l 6l E6ll E8 )l E8
DMD MODE o 03 o3 Ales Ales o7 /107, /1109 /109
DISPLAY > ol Eoll Eall 24 B8l 25| 28] E8
525/60 OR 625/50
F\z’g. /2
FIELD |
o— —a- /27
2| ="
LINE ———
DELAY
| T ]
£FRPOLATOR|
INTER” INTERPOLATED
7 LINES
202
2l y
Y 208 210 )
- . 70
= DIFFERENCE {—={ > = SWITCHERF—"=\/ bprp
ARRAY
124 22 | 10
FIELD2 - THRESHOLD
204 —
LINE
DELAY o
f o
INTERPOLATOR |—
£ ORIGINAL LINES
206

— — — — INTERPOLATED LINES
SUBSTITUTE SHEET



PCT/GB91/02035

WO 92/09172

Ved

Pz /09 /525

s1/ Tsa Wz M2 NP1 <3 & ¢/ 22 Nza N3 a3 - _VIAON  Ayidsid
coll “coll “soll “#oll 2ol “co toll 2ol “zoll 10l 10\l 10 aziHigow  awa
gollgzllsollszllsoll 7| 7o = c7ll sollszlt zcollzall o || 17 || 10 A.moﬁu
SNV
9 G P £ Zd 14 AT
0 I R
T
Va2 ®
T
o)
k=
sz/os/cz9 0 0£/09/52S e
@
971192 [ca ez ez 22 ez Nez Nza ez A2\ 12 AVTdSIa
20|\ a0\l 7eo\l %o\l 2o\l 20\l 20\l 20\ 20\ 20l 10|l /10 ~—y 3004 " gwa w
97l go || c7|| sol|z7 || o || e7|| o || 27 || 20 || 17 || /O -7 wwt
STINVIA
9 G v £ Z4 /4 ~— STV
| [ | | | ~— OV

o/ .m.\/u\

.

'



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

