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The present invention relates to 3-di mensional i mage di spl ay techni ques
and, in particular, to such a 5 technique in which the use of special
héadgear or spectacles is not required. The presentation
of fully 3-di nensional i nmages has been & serious technol ogi cal goal for
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photography”; and display of the developed image was

15 wundertaken through the same sort of fixed lens lenticular
sheet. Lippman’s development and its extensions through
the years (for example, US Patent No. 3,878,329), however,
failed to produce a teChnology readily amenable to images
which were simple to produce, adaptable to motion

20 'presentation, or capable of readily reproducing

' electronically generated images, the predominant format of
this latter part of the century.

The passage of time has resulted in extensions of

the multiple-image-eomponent approach to 3-dimensional

25 imagery into a variety of technical developments which
include various embodiments of ribbed lenticular or lattice
sheets of optical elements for the production of stereo
images from a single specially processed image (for example
US Patent No. 4,957,311 or US Patent No. 4,729,017, to cite -

30 recent relevant examples). Most of these suffer from &
common series of deficiencies, which include severe
-festrictions on the viewer’'s physical position with respect
to the viewing screen, reduced image quality resulting from
splitting.the produced image intensity between two separate

35 '1mages, and in many, parallax viewable in only one
direction. |
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ring the same period of time, a variety of
" technologies relating to viewer-worn appliances emerged,.
including glasses employing two-colour or cross-polarized
15 filters for the separation of concurrently displayed dual
images, and virtual reality display headgear, all related
to the production of stereopsis, that is, the perception of
depth through the assimilation of separate left- and right--
eye images. Some of these have produced stereo images of
20 startling buality, although generally at the expense of
viewer comfort and convenience, eye strain, image
brightness, and acceptance among a portion of the viewing
population who cannot readily or comfortably perceive such
" stereo imagery. Compounding tnis is the recently emerging
25 body of ophthalmological and neurological studies which
suggest adverse and poténtially 1ong-iast1ng effects from
the extended use of stereo imaging systems, user- worn or

otherwise.
SUMMARY_OF THE INVENTION
30 ) The present invention 1is intended to provide an
improved 3-dimensional imaging device which is compact,
simple in structure, and which does not require the use by
the viewer of any glasses, virtual reality headgear, Or any

other user appliance.
35 In order to provide this improved 3-dimensional

imaging, the present invention creates a 3-dimensional
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stereo i magery. Conpounding this is the recently energing 25 body of

opht hal mwegsrmaar1 and neurol ogi cal studies which suggeNCTAAASI0§RTand
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The.present invention expressly does'net rely for
15 the perception of depth upon the presentation of separate
views to the viewer’'s left and right eyes, thereby
overcoming some of the more persistent and more serious
flaws inherent in stereoscopic imaging.
In one preferred embodiment the optical elements
20 are formed as one or more lenses but may be formed of
' mirrors instead or indeed a combination of refractive and
reflecting surfaces.
In its simplest form,'the pixels and overlying
obtical elements are rectangular and the focal length of
25 each optical element varies progressively along the length
of the optical element. In this case, the entry point of
light is displaced linearly along the length. However,
other shapes of optical elements and types of displacement
are within the scope of the invention. For example, the
. 30 optical elements may be circular having a focal length
' which varies radially with respect to the central optical
axis. In such a case the light enters as annular bands
‘which are displaced radially.
As well, while the variation in optical
35 characteristics within a pixel-level optical element is
illustrated herein as being caused by variations in the

i




provi de an inproved 3-dinensional imaging device in mhich t he

short-com ngs of the system described in the above- )
~ publ i catwerséaatIlover cone. This is :Chl eved tcfﬁgm‘?panese
optical element has 20 a focal |ength which varies progressively along
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array of optics, such that a line of light may be scanned
horizontally behind each row of pixel-lével optics, and .
presented at a minutely different vertical disélacement
15 from the scan line as it passes behind each optic. In
different embodiments, the light input device may be a flat
panel display device employing tecnnolqu such as liquid
crystal, electroluminescenée or plasma display devices.
Electroluminescence devices include LED (light emitting
20 diode) arrays. In all of these embodiments, motion imagery
is presented by scanning entire images sequentially, in
much the same fashion as with conventional 2-dimensional
motion imagery. In this fashion, motion imagery may be
presented at frame rates limited only by the ability of the
25 scanned light beam to be minutely vertically manipulated
for each pixel. While by no means a limiting range of the
technology, the embodiments of the present invention
" described herein have successfully operated in our
1aboratories at frame rates ranging up to 111 frames per
30 second. |
' In still another preferred embodiment, pixel-
level, whole image 11lumination may come from specially
"prepared motion picture or still photography'transparency
film, in which each frame of film is illuminated from the
35 rear conventionally, but viewed through an array of the
same type of pixel-level optics as above. In this



whi ch are displaced radially. As well, while the variation in
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el-enment. surfaces, we have successfully experinmented in our |aboratory
with creating such variation I n opticalscharacteristics through the use
of gradient i ndex optical materials, in which the index of refraction
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the ability ofmagery, in that the projected 3-D imagery standing in free
space has in fact real, viewable depth.- To date, we have
successfully empioYed concave mirrors of spherical, -

15 parabolic and hyperbolic mathematics of curvature, but

~other concave shapes are clearly possible.

In all of these embodiments, the 3-dimensional
image méy be viewed directly, or empldyed as the real image
source for any conventionally known real'image projectidn

20 system. '
' BRIEF_DESCRIPTION OF THE DRAWINGS
These and other objects and features of the
- present invention will become apparent from the following
description, viewed in conjunction witn'the attached
25 drawings. Throughout these drawings, like parts are
designated by like'refefence numbers:

FIG. 1(a) is an illustration of one embodiment of

a pixel-level optical device, viewed obliguely from the

rear. : :
30 : FIG. 1(b) is an illustration of a different
embodiment of the same-type'of'pixel-level optical assembly
which comprises three optical elements.
FIG. 2 illustrates the manner in which varying
the point of input of a collimated light beam into the back
35 (input end) of a pixel-level optical device varies the
distance in space from the viewer at which that point of



25 scanned light beamto be mnutely vertically mani pul ated for each

pi xel . While by no neans a limting range of the t echnol ogy, the
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operated in our . | aboratories at frame rates ranging up to 111 franes
per 30 second. " In still another preferred enbodi nent, pixel-
| evel , .whol e image illum nation may conme from specially prepared notion
picture or still photography transparency & fiklm in which each frame of
filmis illumnated fromthe 35 rear conventionally, but-viewed through an
array of the 11ght 3pReaLBe of pixel -1 evel optics as above. In this
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FIG. 4(a) illustrates how an array of pixel-ievel
optics is presented across the front of an illumination
15 source such as the cathode-rayftube in a computer monitor,
television or other essentially flat screen imaging device.
' FIG. 4(b) illustrates a second preferred pattern
of image tube pixels which may be employed for the purpose.

FIG. 5 1llustrates the manner in which the depth

20 signal 1s added to the horizontally scanned raster lines 1in
a television or computer monitor image.

FIG. 6 1llustrates how the specific point of
light input to pixel-level optics may be varied using
motion picture f£ilm or some other form of illuminated

25 transparency as the illumination source. ‘

FIG. 7 illustrates how an array of pixel-level
optics may be employed to view a continuous strip of motion
picture film for the viewing of sequential frames of film
in the displéy'of 3-dimensional motion pictures.

30 ' FIG. 8 illustrates a method whereby the depth
| component of a recorded scene may be derived through image .
capture which employs one main imaging camera and one
secondary camera. | '

FIG. 9(a) 1llustrates the process by which a

35 depth signal may be retroactively derived for conventional
2-dimensional imagery, thereby making that imagery capable



In all of these enbodi nents, the 3-di nensional | mage may be vi ewed
directly, W%pﬁp}loyed as the real inmage source for any pemxadsioons |y
known real image projection 20 system BRI EF DESCRI PTI ON -
OF THE DRAW NGS These and ot her objects and features of the
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viewed in conjunction with the attached 25 draw ngs. Throughout these
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FIG 1(a) is of iveird rddsplapédore Bnidnensibnsf on a autitatle alisplmy i cal
devi ce, viewed obllquely fromthe - rear. 30 FIG [ (b) is an
|IIustrat|on(ﬂeEQQﬁTferent enbodi nent of the sane type of pixel-I|eve
optical assenbly , wh|EIGco&tblsbklueteateptthelietememnnection and
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FIG. 11 illustrates the energy distribution of
the conventional NTSC video signal, indicating the
luminance and chrominance carriers. :

FIG. 12 illustrates the same NTSC video signal

15 energy distribution, butfwith the depth signal encoded into
the spectrum. ' "

FIG. 13(a)'111ustrates the functional design of
the circuitry within a conventional television receiver

. which typically controls the vertical deflection of the

20 scanning'electron-beam in the cathode-ray tube.

| FIG. 13(b) illustrates the same circuitry with
the addition of the circditry required to decode the depth
component from a 3-D-encoded video signal and suitably
alter'the'behaviour of the vertical deflection of the

25 scanning electron beam to create the 3-D effect. )

FIG. 14 illustrates a preferred embodiment of the
television-based electronic circuitry which executes the
depth extraction and display functions outlined in Fig.
13(b). ' _

30 : FIG. 15 illustrates an alternative pixgel-level
optical structure in which the position of the input light
varies radially rather than linearly. _

FIG. 16 1is similar to FIG. 2 but illustrating an

-alternative means for varying the visual distance from the

35 vwviewer of light emitted from an 1nd1v1dual pixel.

FIG. 17 illustrates how the arrangement shown in



cat hode-ray tube. FIG 3(c) illustrates the relationship
between 10 the size and aspect ratio of the collimted input beam of

| i ght to wb®égire and aspect ratio of the pixel-Ievel RET/CAPSINAY] ce.
FIG 4(a) illustrates how an array of pixel-I|evel optics is presented
across the front of an illumnation 15 source such as the cathode-ray tube
in a conputer nonitor, tel evision or other essentially flat screen

i magi ng devi ce. ' FIG 4(b) i1l &trates a second preferred

. pattern of. i mage tube pixels which may pbe eppl oyed. for the purpose.
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PCT/ CA95/ 0072%elevision monitor, in the order of 1 #m in width and 3 mm
in height. Optics as small as 0.5 mm by 1.5 mm have been
demonstrated for a computer monitor which is designed to_be .
viewed at closer range, and as large as 5 mm wide and 15 mm

15 high, a size intended for application in a large-scale
commercial display designed for viewing at a considerable
distance.

The materials from which these pixel-level optics
have been made have been, to date, either fused silica

20 glass (index of refraction of 1.498043), or one of two
plastics, being polymethyl methacrylate (index of
refraction of 1.498) or methyl methacrylate (index of
refraction of 1.558). There is, however, no suggestion
made that these are the only, or even preferred, optical

25 materials from which such pixel-level optics may be
fabricated. ' ,

In Fig. 1(a) the pixel-level optical element 1is
seen obliqueiy from the rear, and as may be seen, while the
front surface 1 of this optical device is consistently

30 convex from top to bottom, the rear surface varies in shape

. progressively from convex at the top to concave at the
bottom. Both linear and non-linear progressions in the
variation of optical properties have been employed '
successfully. A collimated beam of iight is proijected

35 through the optical device in the direction of the optical -
axis 3, and as may be seen, the collective optical




of being displayed in 3 dinensions on a suitable display devi ce.

FIG 9(b) illustrates the interconnection and oper ati on of

processi WP M Hes which may be enployed 5 to add depth & ﬂ%%ﬁ%ﬁﬁgery
according to the process illustrated in Fig. 9(a). FI G
10 illustrates the application of the pixel- | evel depth dlsplay
techni ques derived in the course of th%§e developnents to the

3-di mensi onal display of printed 10 i nmages. FIG 11
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assemblies and in fact the most successful embodiment of
15 this technology to date emplo&s 3-element optics. However,

as single element optical assemblies do operate in this

invention as described herein, the pixel-level optical

assemblies illustrated throughout this disclosure will be

portrayed as single element assemblies for the purposes of
20 clarity of- illustration. _

Fig. 2 illustrates, in compressed form for
clarity of presentation, .a viewer’'s eyes 4 at a distance ‘in
front of the pixel-level optical element 2. A collimated
beanm 6f-1ight may be input to the back of optical device 2

- 25 at varying points, three of which are illustrated as light
beams 5, 6 and 7. As the focal length of device 2 varies
depending upon the input point of the light beam, FIG. 2
illustrates how the resulting point of light will be
presented to the viewer at different apparent points in

30 'spaée 5a, sé or 7a, corfesponding to the particular
previously described and numbered placement of input beams.
Although points 5a, 6a and 7a are in fact vertically
- displaced from one another, this vertical displacement is
not detectable by the observer, who sees on19 the apparent
35 displacement in depth. | _
Fig. 3(a) illustrates how, in one preferred
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FIG 16 is achieved in a practical enbodi nent.

DESCRI PTI ON OF THE PREFEREED ' EMBODI ME i

| NVENTI ONO 96121171 Fig. I(a) illustrates in greatly nagnified %rnl 5
one possi bl e enbodi ment of an optical element 2 enployed to vary the
di stance fromthe viewer at which a collimated poi nt of Iight input
into this device may appear. For ref erignce purposes, the size of such
an optical element may vary conS|dera€l y, but is intended to match the
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progressivel udbrn@Cympted! d ol 6 toghtveial .bb.einput at ‘a unique
) point on the back of the pixel-level optics.. The vertical
position of the electron beam may be varied usiﬁg entirely
15 conventional electromagnetic beam positioning coils as
found on convent ional cathode-ray tubes, according to a
specially:prepared signal, although experiments'undertaken
in the lab have suggested that imagery presented at a high
frame rate, that 1is, substantially over 100 frames per
20 second, may regquire beam positioning coils which are
constructed so as to be more responsive to the higher -
deflection frequencies inherent in high frame rates. The
pattern of phosphors on the cathode-ray tube, however, must
match the arrangement of pixel-level optics, in both length
25 and spatial arranéement, that is, an optic must be capable
of being illuminated by the underlying phosphor throughout
its designed linear input surface. Fig. 3(b) illustrates
this arrangement through an oblique rear view of pixel-
level optic 2. In this diagram, adijacent phosphor pixels
30 35, of which 9 .are presented, will be of 3 different
colours :s in a conventional colour cathode-ray tube, and
. of an essentially rectangular shape. Note that the size
and aspect ratio (that is, length to width ratio) of each
phosphor pixel matches essentially that of the input end of
35 the pixel-level optic which it faces. As may be seen by - .
observing the phosphor pixel represented by shading, the
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3-el enent optics. wever, as single elenent optical assenblies do-
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o0 5 |1 0t MaR Skin conprerabi FoR hPRgh: Fement. £of S ! dlasiay R o, o
viewer's eyeschréimihaticd anse ¢olour, fthah bb the piselayveof lamiilinsrice,
elenent 2. A Cgl fngfaand-white component, of a video image. By this we
mean that most of .the perceived fine detail in a video .
image is conveyed by the relatively high resolution
15 1luminance component of the image, over which a lower
resolution chrominance component 1s displayed. It is
possible to have a much lower resolution in the chrominance
- because the eye is much more forgiving where the perception
of colour is concerned than where the perception of_image
20 detail is concerned. Our research in the laboratory has
suggested that the eye is similarly forgiving about the
perception of depth in a television image.
Having said that, however, the display of
viewable depth is still generated by the physical movement
25 of a light beam which is input to a linear pixel-level
optical device, and 1t will be obvious that the greater the
range of movement of that input light beam, the greater
opportunity to influence viewable depth.
' In Fig. 3(c), pixel-level optical device 2 is
30 roughly three times as high as it is wide. Collimated
input light beam 66a, shown here in cross-section, 1is
round, and has a diameter approximating the width of
optical device 2. Collimated input light beam 66b is also
round, but has a diameter roughly one-fifth of the length
35 of optical device 2. On one hand, this allows beam 66b to -
traverse a greater range of movement than beam 66a,
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2. This resulting oval cross- -gsection of the illuminating
beam is less bright than circular beam 66a, but almost
twice as bright as smaller circular beam 66b. This design
is highly functional,.and is second only to the perfectly -
rectangular cross-section illuminating beam 66d. This is
in fact the beam cross-section empioyed in our latest and
most preferred embodiments of the invention. '

Fig. 4(a) illustrates how the pixel-level optics
2 are arrénged into an array of rows, twelve of which are
pictured for illustrative purposes, and how these are
placed on the front of an illumination source, here
pictured as a cathode-ray tube 10 in one preferred
embodiment. As the controlled electron beam is scanned
across a row of pixe1¥1evel optics, its vertical
displacement 1s altered individually for each pixel,
producing a horizontal scan line which is represented for
illustrative purposes as line 15, shown both as a dotted
1ine behind the pixel array and separately for clarity as a
solid line within the ellipse to the left. As may be seen,
the horizontal scan line which, in a conventional cathode-
ray display is straight, is minutely displaced from the
midline of the scan for each individual pixel, thereby
creating an image which, varying in its distance from the
viewer as it does pixel by individual pixel, contains
substantial resolution in its depth perception.

{
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poi nt at whi cihen |infiysed "é*ﬁli‘tg&elgpﬁ%ﬁl %gﬁrtjnaﬁutrg tdn%r? [Erﬁos‘}%?xel .
Fig. 3(c) illustrates tigrraysrofinthesé phredrievel opn:dcasme eery of
the beam of lgﬁylt Iﬁ%kdéh'EEMtp£8cess of manually dttaching each ) )
individual optic to the surface of an appropriate cathode-
15 ray tube using an optically neutral cement. This process
is, of course, arduous, and lends itself to placement
errors through the limitations in accuracy of hand-assisted
mechanics. Arrays of optics have, however, been very
successfully manufactured by a process of producing a metal
20 “"master” cf the complete array of optics in negative, and
then embossing the usable arrays of optics into
thermoplastic materials to produce a "pressed" replica of
the master which is then cemented, in 1ts entirety, to the
surfaoe of the cathode-ray tube. Replication of highly
25 detailed surfaces through'embossing has been raised to an
artform in recent years through the technical requirements
of replicating highly detailed, 1nfofmation-rich media such
as laser discs and compact discs, media typically
replicated'w1th great accuracy and low cost in inexpensive
30 plastic materials. It is anticipated that a preferred
manufacturing technique for generating mass-produced arrays
of pixel-level optics will continue to be an embossing
process involving thermoplastic materials. We have, as
well, successfully produced in the laboratory arrays of
35 pixel-level optics through the technique of injection
molding. To date, three layers of different pixel-level
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' the lateral viewing range afforded by the 3-D . display
device. As well, the optical linkage between the light-

15 'generatiﬁg pixels and the input surface of the pixel-level
optics 1is enhanced by minimizihg where possible the
physical distance between the i1lluminating phosphor and the
input surface of the optics. In a cathode-ray tube
environment, this implies that the front surface glass of

20 the tube éo which the optics are applied should be of the
minimal thickness conéistent with adequate structural
integrity. 1In large cathode-ray monitors, this front
surface may be as thick as 8 mm, but we have successfully
i1llustrated the use of these optics with a specially

25 constructed cathode-ray tube with a front surface thickness
of 2 mm. One highly successful embodiment of a cathode-ray
tube has been consfructed in which the pixel-level optics
have actdal;y been formed from the front gurface of the
tube. ) -

30 Figs. 3(b) and 4(a) illustrate an essentially
rectangular pattern of image tube pixels 35 and pixel-level
linear optical elements 2, that is, arrays in wnich the
rows are straight, and aligned pixel to pixel with the rows
both above and below. - This pattern of pixeis and optics

35 produces highly acceptable 3-D images, but should not be
assumed to be the only such pattern which is possible
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dept h perce¢n|Qﬁpth signal of the horizontal scan lines in a raster
such as a conventional television picture. 1In the
.conventional cathode—ray'television or computer monitor
tube shown at the top right of Fig. 5, each individual
20 picture in a motion sequence is produced by an electron
beam which scans horizontally line by line down the screén,
illustrated in FIG. 5 by four representative scan lines 17.
This highly regular scanning 1s controlled within the
electronics of the television or computer monitor by a
25 horizontal scan line generator 16, and not even variations
in the luminance or chrominance components of the signal
create variations in the regular top-to-bottom progression
of the horizontal scan lines.
The present invention imposes a variation on that
30 regularity in the form of the minute displacements from a
straight horizontal scan which produce the depth effect.
Such variation 1s.physically effected through the use of a
depth signal generator 18 whose depth signal 1s'added
through adder 19 to the straight horizontal lines to
35 produce the minute variations in the vertical position of
each horizontal scan line, producing lines which
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13 Experi ence has shown that a mnute-interstitial gap
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"cross-tal k" between optical elenents, resulting in enhanced i mage
clarity, and that this 5 isolation of- the optics can be further enhanced
by the » i ntrusion of.a black, opaque material into these

interstitial spaces. Interstitial gaps on 16e order of 0. 25 mm have
proven to be quite successful, but gaps as small as 0.10 nm have been . .
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15 Fig. 6 illustrates the manner in which a film
transparency 14 may be employed to provide the controlled
input illumination to the pixel-level optical device 2 in
another preferred embodiment of the invention. 1In this
example, the portion of the film which is positioned behind

'20 the illustrated optical elemeht is opaque except for one
transparent point designed to allow_light to enter the -
optical device at the desired point. The film-strip is
conventionally illuminated from the rear, but only the
light beam 5c is allowed through the transparent point in

25 the film to pass through optical element 2. As may be
seen, this situation is analogoﬁs to the situation in FIG.
3, 1n'which a controlled electron beam in a cathode-ray
tube was'used to select the location of the illumination
beam. The £1lm transparencies employed may be of arbitrary

30 size, and embodiments utilizing transparencies as large as
eight inches by ten inches have been built. '

Fig. 7 illustrates the manner in which an array
11 of pixel-level optical elements 2, twelve of which are
p1Ctured for 1llustrative purposes, may be employed to

35 display imagery from a specially prepared film strip 13.
Optical array 11 is held in place with holder 12. An image

{



of pixel-level optics will continue to be an enbossing process
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aligned to pr R 1q
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surface may be as _thick 8 mMm but haye suc
Smaller Enen thosd utii{fed®¥Sr ¥eisvition’ display, as the
resulting pixels are intended for expansion on projection;
15 the resclution advantage of bhotographic film over
television displays easily accommodates this reduction in
pixel '
-size. _
Fig. 8 illustrates a scene in which two cameras
20 are employed to determine the depth of each object in &
scene, that 1s, the distance of any object within the scene
from the main imaging camera. A scene to be captured, here
viewed from above, is represented here by a solid rectangle
24, a solid square 25 and a solid ellipse 26, each at a
25 different diétance from the main imaging camera 27, and
therefore each possessing different depth within the
captured scene. The.main imaging camera 27 is employed to
capture the scene in its principal detail from the
artistically preferred direction. A secondary camera 28 is
30 positioned at a distance from the first camera, and views
the scene obliguely, thereby capturing a different view of
the same scene concurrently with the main imaging .camera.
" Well known techniques of geometric triangulation may then
be employed to determine the true distance from the main
35 imaging camera which each object in the scene possesses.
One preferred'manner in which these calculations



Illustrated the use of these optics with a specially 25 constructed

cat hode-ray tube with a front surface thickness of -2 nm One highly
successiwid ogsiigdi ment of a cat hode-ray t ube has been rPOWMEAY00Y27d i n
whi ch the pixel-level optics have actually been formed fromthe front
surface of the tube. 30 . Figs. 3(b) and 4(a) illustrate an
essentially rectangul ar pattern of inage tube pixels 35 and

pi xel -1 evel i near optical elenents ZA8that is, arrays in which the
rows are.straight, and aligned pixel to pixel with the rows bot h above
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of pixels_35 in which Hori zont pi xel s vertl%glly
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whi ch has beggpen éTddélE?%ﬁE?étiéh(&E £t RRP" 8¢ OkMables the producktiién 5
il lustrates th Jmnute no | catl on Y he
of "live" 3-dimensional magery. The computing
requirements of real-time production, however,. are S
substantially-greater than that of an "off-1line" process,
15 in which the pace may be extended to take advantage of
lower, but lower cost, computing capability. Experiments
conducted in the laboratory suggest that the method of
‘conduct ing the required computation in real-time which 1s
preferred for reasons of cost and compactness of electronic
20 design is through the use of digital signal processors
. (DSP’'s) devoted to image processing, ile. digital image
processors (DIP's), both of these being specialized,
narrow-function but high speed processors.-
As the secondary camera 28 is employed solely to
25 capture objects from an angle different from that of the
main imaging camera, this secbndary camera may generally be
of somewhat lower imaging quality than the main imaging
camera, and. therefore of lower cost. Specifically within
motion pictufe applications, while the main imaging camera
30 will be expensive and employ expensive film, the secondary
| camera may be a low cost camera of either film or video
type. Therefore, as obposed to conventional filmed
- stereoscopic techniques{'in which two cameras, each
employing expensive 35 mm. or 70 mm. £ilm, must be used
35 because each is a main imaging camera, our technique
requires the use of only one high quality, high cost camera



depth signal of the horizontal scan lines in a raster inmage such as a
conventional television picture. In the conventi onal

tel evi si JHO8$2H3kput er noni t or t ube shown at the top rﬁ%ﬁpﬂi?

each individual- 20 picture in a notion sequence is produced by an eIectron
beam whi ch scans horizontally line by |ine down the screen, il lustrated
in FIG:.5 by four representative scan |ines,47. This highly regul ar
scanning is controlled within the el ectronics of the tel evision or
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illuminate the scene. Similarly, we have successfully
employed a scanning infrared detector to progressively .
acquire reflected infrared radiation which_ﬁae-used'to
15 illuminate the scene. Finally, we have conducted
successful experiments in the lab employing microwave
radiation as the illumination source and microwave
detectors to acquire the reflected radiation; this
technique may be particularly useful for capturing 3-D
20 imagery through the use of radar systems. |
Fig. 9(a) illustrates the principal steps in the
process by which a depth signal may be derived for
conventional 2-dimensional imagery, thereby enabling the
-proceés of retro-fitting 3-D to conventional 2-D imagery,
25 both f£ilm and video. '
In Fig. 9(a), the same series of three objects
24, 25 and 26 which were portrayed in a view from above in
- Fig. 8 are now viewed on a monitor from the_front. In the
_ 2-D monitor 29, of course, no difference in depth 1s
30 apparent to the viewer.
In our process of adding the depth component to
2-D imagery, the scene is first digitized within a computer
workstation utilizing a video digitizing board. A
combination of object definition software, utilizing well-
35 known edge detection and other techniques, then defines
each individual object in the scene in question so that
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) In the next step in the process, the software

15 scans each pixel in turn within the scene and assigns a
depth component to that pixel. The result of the process
is represented by depth component scan line 31 on monitor
30, which represents the representative depth signal one
would obtain from a line of pixels across the middle of

.20 monitor scene 29, intersecting each object on the screen.
The top view of the placement of these objects presented in
Fig. 8 will correlate with the relative depth apparent in '
the representative depth component scan line 31 in Fig.
9(a). '

25 The interconnection and'opefation of equipment
which may be employed to add depth to video imagery
according to this'proceSS'is illustrated in Fig. 9(b). 1In
this drawing, an image processing computer workstation 70
with an emﬁedded video digitizer 71 controls an input video

30 tabe recorder (VTR) 72, and output video tape recorder 73,
and a video matrix switcher 74 (control is illustrated with
the dashed lines in Fig. 9(b), and signal flow with solid
lines). The video digitizer accepts a frame of video from
the input VIR through the matrix switcher on command from

35 the workstation. The ffame is then digitized, and the
object définitioﬁ process described 1n Fig. 9(a) is applied



17 on filmstrip 13 is back-lit conventionally and the resulting
I mge focused through a conventional projection | ens sy
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image first. This then obviates the visual degradation
imbarted by digitizing an image and reconverting to analog
form, and the only such degradation which occurs will be
the generation-to-generation degradation inherent in the

20 wvideo copy process, a degradation which 1s minimized by
utilizing broadcast format "component video" analog VIR'S
such as M-II or Betacam devices. Of course, as 1is well
known in the imaging industry, with the use of all-digital
recording devices, whether computer- based or tape-based

25 there will be no degradation whatever in the generation-to-

| generation process. ' |
The second such point is that as this 1s very
much a frame-by-frame process,'what are termed "frame-
accurate” vTR's or other recording devices are a

30 requirement for depth addition. The Editor must be able to
access each individual frame on request, and have that
processed frame written out to the correct place on the
outbut tape, and only devices designed to access each
individual frame (for example, according to the SMPTE time

35 code) are suitable for such use.
The third such point is that the whole process
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fact of image capture, and 5 generally at a site renote fromthat inage
capture and at a pace of depth signal production which can be unrel ated
to the pace of real-tinme image capture22A second preferred manner

of depth signal generation is that of perform ng the . requisite
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main i mging (RAPEL A For example, we have developed in the 1lab. and are
currently refining techniques which add greater reality to -

15 the addition of depth to human faces, utilizing the '
topology of the human face, i.e. the fact that the nose
protrudes farther than the cheeks, which slope back to the
ears, etc., each feature with its own depth
characteristics. This will alleviate the requirement for

20 much Editor input when dealing with many common objects
found in film and video (human faces being the example
employed here). _

The fifth such point is that the controlling
software may be constructed so as to operate in a semi-

25 automatic fashion. By'this it is meant that, as long-as.
the objects in the scene remain relatively constant, the
controlling workstation may process successive frames
automaticel;y and without additional input from the Editor,

_ thereby a;dihg in simplif?ing and speeding the process. Of

30 course, the process will once again require Editorial input
should a new object enter the scene, or should the scene
perepective change inordinately. We have developed in the
lab and are currently refining techniques based in the
field of artificial intelligence which autohatically

35 calculate changes in depth for individual objects in the
scene based upon changes in perspective and relative object
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opposed ional filned st ereoscopi ¢ techniques, in which two
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Fig. 9(a) |IIustrates tHEhgrsevepth sucpsppdnﬁhés that when working in an
all-digital recording environment, as in computer-based
image storage, the input VIR 72, the output VIR 73 and the‘
15 video matrix are switcher 74 are effectively replaced '
entirely by the computer;s mass storage device. Such mass
storage device is typically a magnetic disk, as it is in
the computer-based editing workstations we employ in our
laboratory, but it might just as well be some other form of
20 digital maess storage. In this all-digital circumstance,
' the injection of the depth signal using the NTSC generator
' is obviated by the addition to the computer’s conventional
image storage format of the pixel-level elements of the
depth map. T
25 Attached as Appendix A is a copy of some of the
software listing used under laboratory conditions to
achieve the retro-fitting discussed above with reference to
Figures 9(a) and 9(b).
Fig. 10 illustrates the application of the pixel-
30 1level depth display techniques derived in the course of
these developments to the 3-dimensional display of printed
images. Scene 32 1s a conventional 2-dimensional
photograph or printed scene. A matrix 33 of pixel-level
microlenses (shown here exaggerated for clarity) 1is applied
35 over the 2-D image such that each minute lens has a '
different focal length, and therefore presents that pixel
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In mass production, it 1s anticipated that the
depth signal generating techniques described herein will be
employed to produce an - 1mpr1nt1ng master, from which high
15 volume, low cost microlens arrays for a given image might
be, once again, embossed into impressionable or
thermoplastic piastic materials in a fashion analogous to
the embossing of the data-carrying surfaces of compact
discs or the mass-replicated reflection holograms typically
20 applied to credit cards. Such techniques hold the promise
of large-scale, low cost 3-D brinted imagery for inclusion
in magazines, newspapers and other printed media. While
the matrix 33 of microlenses 1s portrayed as being
rectangular in pattern, other patterns, such as concentric
25 circles of microlenses, also appear to function quite well.
It is important to note that the picture, or
luminance, carrier in the conventional NTSC video signal
occupiles significantly greater video bandwidth than either
of the chrominance or depth sub-carriers. The luminance
30 component of an NTSC video picture is of relatively high
definit*on, and is often characterized as a picture drawn
with "a £ine pencil”. The chrominance signal, on the other
hand, is required to carry significantly less information
to produce acceptable colour content in a television
35 picture, and is often characterized as a "broad brush®
painting a "splash” of colour across a high definition
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dept h conponent scan |ine 31 on nonitor _ 30, which represents t he
representative depth signal one woul d obtain froma line of pixels
across the mddle of 20 nonitor scene 29, i4d ersecting each object on the
screen. The top view.of the placenment of these objects presented in

Fig. 8 will copjaehland-whiithe giairee dﬂ?éhd@%@ﬁrﬂ?énbﬂ in thtehgresent

representative.depth conmponent’ scan line 3
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the correct informstion, carrier 37. All_of'the information in the
video spectrum 'is carrier by energy at separated frequency
15 intervals, here represented'py sepsrate vertical lines; the
 remainder of the spectrum is empty and unused. As may be
seen from Fig. 11, the architects of the colour NTSC video
signal successfully embedded a significant amount of
additional information ({i.e. the colour) into an
20 established signal construct by utilizing the same concept
of concentrating the signal energy at separated frequency
points, and then interleaving these points between the
established energy frequency points of the picture carrier
such. that the two do not overlap and interfere with each
25 other.

In a similar fashion, the present invention
encodes still further additional information, in the form
of the required depth signal, into the existing NTSC video
signal cohstruct, utilizing the same interleaving process

30 as is employed with the chrominance signal. Fig. 12
illustrates this process by showing, once again, the same
luminance carrierlas and chrominance sub-carrier 37 as in
Fig. 11, with the addition of the depth sub-carrier 38.
For reference purposes, the chrominance sub-carrier

35 occuples approximately 1.5 MHz of bandwidth, centred on
3.579 MHz, while the depth sub-carrier occupies only



5 place in the video spectrum by the NTSC generator. The resul ting
dept h-encoded video frane is then witten out to t he output VIR 73, and
the procqmoepighins again for the next frane. PCT/CASS8/00724 |

i nportant points-concerning this process 10 have emerged during its

devel opment in the Iaboratory. The first such point is that as the
dept h conponent is being added by an NTSC generator which injects only
t he depth conponent without.altering @& other aspect of the signal,

the original ‘i'mage portion of the signal may be witten to 15 the out put.
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EE;?E;SS/OO?&ESVEEQGtglative a depth-displaying imaging device. As
well, similar approaches to embedding the depth signal into
15 the PAL and SECAM video formats have been tested in the
labpratory, although the specifics of construct and the
relevant frequencies vary due to the differing nature of
those video signal constructs. In an all-digital
environment, as in computer-based image storage, a wide
20 varliety of‘inage storage formats exists, and therefore, the
method of adding bits devoted to the storage of the depth
map will vary from format to format.
Fig. 13(a) illustrates in functional form the
circuitry within a conventional television receiver which
25 typically controls the vertical deflection of the scanning
electron beam in the cathode-ray tube, using terminology
common to the television industry. While some of the
details may- vary from brand to brand end from model to
model, the essentials remain the same.
30 In this diagram representing the conventional
design ¢. a television receiver, the object is to generate
',a sweep = the scanning electron peam which is consistent
.and synchronized with the incoming video signal. Signal is
obtained by Tuner 49 and-amplified by Video IF amp 50, then
35 gent to Video detector 51 to extract the video signal. The )
output of the video detector 51 is amplified in Detector



22 - may be put under conputer control, and nay be therefore
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' causes the scanning electron beam to follow a smooth and
straight path as it crosses the screen of the cathode-ray

tube.

As described earlier, in a 3-D television tube,
20 minute variations in this straight eleétron beam path are
introduced which, through the pixel-level optics, create
the 3-D effect. Fig. 13(b) illustrates in the same
functional form the additional circuitry which must be
added to a conventional television to extract the depth
25 component from a suitably encoded video signal and
translate that depth component of the signal into the
minutely varied path'qf the scanning electron beam. In
this diagram, the functions outside the dashed line are
those of a conventional television receiver as illustrated
30 in Fig. 13(5), and those inside (that dashed line represent
| additions required to extract the depth component and
generate the 3-D effect. |
~ As described in Fig. 12, the depth signal is
encoded into the NTSC video signal in a.fashion essentially
35 identical to that of the encoding of the chrominance, or
colour signal, but simply at a different frequency.
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The sixth such point is that when working with still or notion picture
filmas the input and output nedia, the input VIR 72, the output VIR
73 and 'the video matrix 5 switcher 74 may be repl aced, respectively, with
a high resolution filmscanner, a digi28l data switch and a high
resolution filmprinter. The remai.nder of the process remai ns
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to achieve the retrofitting discussed above with reference tq
frequency at which the depth component should be. This
signal is compared against the signal which is actually™-
present at that frequency, and any differences from the
15 "yardstick" are interpreted to be depth signal. This
reference signal is generated by Depth Gate Pulse Former
59, and shaped to its required level by Depth Gate Pulse
Limiter 58. The fully formed reference signal 1s |
synchronized to the incoming encoded depth signal for the
‘20 same Syncﬁronization Separator 55 used to synchronize the
horizontal sweep of the electron beam in a conventional
television receiver. ' '
. When the amplified encoded depth signal from
First Colour IF Amplifier 57 and the reference signal from
25 Depth Gate Pulse Limiter 58 are merged for comparison, the
results are amplified by Gated Depth Synchronization
Amplifier 63. This amplified signal will contain both
colour and depth components, so only those signals
su:rounding'2.379 MHz, the encoding frequency of the depth
' 30 signal, are extracted by extractor 62. This, then, is the
extracted depth signal, which is then amplified to a useful
level by X'TAL Out Amplifier 61.
Having extracted the depth component from the
composite video signal, the circuitry must now modify the
35 smooth horizontal sweep of the electron beam across the
'television screen to enable the display of depth in the
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generate a 3-D efféct in the video image by minutely
varying the input’ point of light to the pixel -level optics
15 described earlier.
Fig. 14 illustrates electronic circuitry which is
a preferred embodiment of those additional functions
described within the dashed line box in Fig. 13.
Fig. 15 illustrates an alternative means of
.20 varying the position of the light which is input to a
different form of pixel-level optical structure. 1In this
alternative, pixél-léVel optical structure 39 has an
approhriate optical transfer function, which provides a
focal length which increases radially outwardly from the
25 axis of the optical element 39 and is symmetrical about 1its
axis 43. Light collimated to cylindrical form is input to
the optical structure, and the radius of the collimated
light cylinder may vary from zero to the effective
operating radius_of the optical structure. Three such
30 possible cylindrical collimations 40, 41 and 42 are
illustrated, producing from a frontal view the annular
input light bands 40a, 4la and 42a respectively, each of
which will produce, according to the specific optical
transfer function of the device, a generated pixel of light
35 at a different apparent distance from the viewer.
FIG. 16 illustrates, in compressed form for



of large-scale, low cost 3-D printed inmagery for inclusion in
magazi nes, newspapers and other printed nedia. Wile the matrix 33 of

m cr ol engPoehpi7Ortrayed as being rectangul ar in patt ePCT/CAPSINT2T
patterns, such as concentric 25 circles of mcrolenses, also appear to
function quite well. It is inportant to note that the
picture, or  lumnance, carrier in the conventional NISC video signal
occupi es significantly greater video bandw@th than either of the
chrom nance or depth sub-carriers. The |um nance 30 conponent of an NTS
vi deo pi ct ur eliatitly rof gdessEntadtiipn, stibljanetbar asBerpagdyve,means o

char acter | 260, 3% s3ePieid 1 dlidt s scaribd Neran! tHiE D2BREL” ofThaghitr o nance

signal, ont required to carrg95|g

“information emittt@qoma i idnel L1 - cohbe 1Fn1&1!‘§%ntl\é1°5‘r1 85

pi cture, andvl% a1 aginb

"splash" of- co our acr q%lgﬁﬂgg??ﬁf?fohée fn f§gﬁt6?§15n?|@ummg-a

PCT/ CA95/ 6072pvel optics. A collimated beam of 1 Eg e incident

P'r]agﬁyﬁgdn‘g’:‘g%rﬂaﬁia;&floiqﬁﬂﬂﬁ Iéﬁcédigﬂﬁrrort 7Beapr vaeyting pointsantihmes s
e col ou [ tg | f

content requitfeiiikeh @im $11985LR ted égﬁF Reﬁ‘é'?l %I t Fg]ﬁhgdc!tz MUFdO"

carrier. 576 reflectélthéﬁimtmtCliqhtabeamsaatolnnvpbédQ§QyﬂﬂCt1°n of

TAgeTent | g il L RO Gt oo 8D LAB kel tormyng ST gnal whi

construcfed, and to do so
wi t hout qonf ehisrmatertstios sef a coogweemrlngorhepr%@&ﬁ%&%éé%’ft

LRLeVISTon " sl e variidg dviddal auftaAbeccrin SRS Petier! SanuGan aria

the_ con I onal deo sign i ct
“lumi nance, cd@i GOBESRORAING '@:ﬂrblgiﬁnaﬁé'ﬁicb‘ﬂ-egopé"& 1ously aedcrived

and numbered placement of input beams.: The concave mirror
may have mathematics of curvature which are of variety of

15 conic sections, and in our laboratory'we have successfully
employved all of parabolic, hyperbolic and spherical
curvatures. In this embodiment, experimental results
suggest that both the planar and curved mirrors should be
of the first-surface variety.

20 ‘FIG. 17 illustrates how in one preferred
embodiment of the arrangement shown in FIG 16, pixel-level
combinations of planar mirror 76 and concave mirror 77 are
arranged against the surface of a cathode-ray tube employed
as an illumination source. In the drawings the concave

25 mirror 77 from one pixel is combined with the planar mirror
from the adjacent (immediately above) pixel to form a
combined element‘78, which rests against the glass front 8
of the cathode-ray tube, behind which are the conventional
layers of phbsphors 9. which glow to produce light when

30 impacted by a projected and collimated beam of electrons,
i1llustrated at different positions in this drawing as
beams, 5b, 6b and.7b For each of these three illustrative
positions, and for any other beam position within the
spatial limits of the pixel-level optical device, a point

35 of 1light will be input at a unigue point to the assembly,



info'rmation., carrier 37. Al of the information in the vi deo spectrum
is carrier by energy at separated frequency 15 ‘intervals, here represented
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unused. As may be seen fromFig. 11, the architects of the col our NTSC
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chrom nance signal. Fig. 12 illustrates this process by show ng, once
again, the sane - | um nance carrier 36 and chrom nance sub-carrier 37 as
in Fig. 11, with the addition of the depth sub-carrier 38. For

ref erence purposes, the chrom nance sub-carrier 35 occupies approxi mately
1.5 MHz of bandwi dth, centred on 3.579 Mz, while the depth sub-carrier
occupi es only WO 96/ 21171 . .

PCT/ CA95/ 00727 _ 26 approxi mately 0.4
MHz, centred on 2.379 MHz. Thus, the chrom nance and depth sub-carriers,
each interleaved with the Ium nance carrier, are sufficiently separated
S0 as not
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recei ver, #dkfine BOTIPRESSEDS 10 generate
beam whi chiefing BUDRRESSER Nt 2
si gnal .
50, then
out put ~ of Y detector 51 is anpli
PCT/ CA95/ ﬁ%%q‘@@
’ ] activate mouse.

_AX=32:

. geninterrupt( MOUSE);
}

int ResetMouse()

{
"

_AX=0;
geninterrupt(MOUSE);
return(_AX):

mouse reset.

}

void ShowMouseQ

{

i turn on mouse cursbr.
_AX=1;
genimerrupt(MOUSE):

}

void HideMouse()
{

1] wrn off 'm;_mse'cursor.
_AX=2;
geninterrupt(MOUSE);

}

void ReadMouse(int *v, int *h, int *but)
{ .
. int temp;
_AX=3;
geninterrupt(MOUSE);

i
temp=_BX;
*but =temp:

comon to the
details may vary frombrand to

the essentials remain the sanme. 30
I n this disedhk MBUEEPr esenbisng t he conventiona

design of a tel evision
a sweep of the scanning el ectron

and synchronized with the incom ng video

efipp FRUE o oBt ai ned by Tuner 49 and anpli.fied by Video | F anp
@H%§§%HF to VPdeo detector 51 to extract the vi deo_ si gnal

The

fied in Detector WO 96/21171°

which button pressed: 1=left. 2=right, 3=both.
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27 gﬁ further anplified in the First Video Anplpichici9s0072753.

and passed t a Del ay Line 54. Wthin a conventi onal

vi deo signal, there are 3 maj or corrponent-s, the lum nance (that is, the
brightness, 5 or "black-and-white" r‘t‘ of the signal); the chrom nance
(or col our part& and th& ti part 3f the si gnal , concerned with
ensuri ng that er 5{“ $ according to the correctly

chor eogr aphed pl an ‘of these conmponent s, t he synchroni zati on ‘
information is geparahig chfdmiist he 10 anplified signal in the

‘Synchr-oni zat i orv&eip&r at or 55, and the vertical synchronization
dinformatian is-then-inverted in Vertical Sync Invertor 56 and fed to.
t he Vertical Sweep generator 64. The output of this sweep generator is
fed to eI ectromagnetic coil in the cathode- ray tube known as 15 the
Def | ecti or ‘%ms EZ &s* &mlgggg,ﬂgqu@;m hat : causes the

scanni ng ef ectrg ﬁeﬂ‘ &\bh e SuitBO Elaing@&bbur when St r @i ght path as it
crosses the scr:ﬁtﬁﬂuoais at hode-r ay t ube. . As descri bed
earlier, i{n a 3-D television tube, 20 mnute variations in this straight

el ectron [potlien path are [ nt roduced V\hl ch, through the pixel-Ievel

optics, create intbutop -gF burembeighty ystrates in the sanme
functional for t"ﬂg’o %ﬁ;fﬁb hi ch nust be added to a
conventi onal t (; extT ac fhe depth 25 conponent froma suitably
encoded vi/deo SUu@Ei&Lm:andmon centrely @it lc@ireof it Binotiieénitmc ONPoOnent of the signal
into the #  mibusthatigh andvinechefpintaty thpimeisonsof tielpwitongn midelect r on beam | n

“this diagrfam tbugonfiexpis the Bbebonghetbiioie t he dashed |ine are t hose of a
convent i or4l téf‘é%'ﬂﬁ"ﬁ‘%ﬁé‘?’\?’é‘?"“ggm |lustrated 30 in Fig. 13(a), and those
inside (that dashed Jine ¢enr additions required to extract the
dept h corrponent"u ocuseX. ogﬁg@gya e the 3-D effect. : . "As descri bed
in Fig. 12, thqmgﬁ{a shdbDawe: = encoded into the NTSC vi ‘deo si ghal in a
fashi on essenti ally 35 |dent| cal to that of the encoding of the '
chrom nance, orintpressed: '

- Bunton(int x, int y, int width. int height. int tfields. char *btextl. char *btext2. int tsize, int f)
" this constructor initializes the button variables.
{ :
button_centrex = x:
button_centrey = y;
button_width = width;
button_teight = height:
strcpy(button_texti. btextl):
strepy(button_text2. btext2);
text_size=tsize:
text_fields=tfields:
Ifont=f;

left=button_centrex - button_width/2;
top=button_centrey - button_height/2:
right=button_centrex + button_width/2:
bottom=button_centrey + button_height/2:

oldMouseX =0: oldMouseY =0;

button1 Down=FALSE;
button2Down=FALSE;
pressed=FALSE:
} .
void up() ' . _
i draws a raised button and primts the required label on it.
sercolor(5);

setlinestyle(SOLID_LINE.upattern.NORM_WIDTH);
setfillstyle(SOLID_FILL, LIGHTGRAY);
bar3d(left,top,right.bottom,0,0);

setcolor(WHITE);
setlinestyle(SOLID_LINE upanern. THICK_WIDTH);
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colour signal, but sinply at a different frequency. WO 96/ 21171

PCT/ CA95/08 6grf11m1 28 PCEBEA32 he
encodi ng process is the sanme, the signal cont ai ning the depth
conponent may be anplified to a | evel sufficient for extraction using
the sane anplifier as is used in A2 conventional television set for

anplifying the 5 .col oyr sig befqle extraction, here designated as
First Col our | !ﬁg%ﬁm 'rr?' +i:f—: ? ‘This anplified depth
(

conponent of the si DARKGRAY); €Xt r)éct ed fromthe video signal

in a

process identical tsQiinestyle(SOLITALINESfulerh. NORMXWIDAEY. i Ng t he encoded. colour in
the sane 10 si gnaie(lefi44botidni-Srigorlcdowmsd); a ref erence, or "yardstick"

si gnal is gener at edindtipfi-t3rondmed.night- lshowam-Pecei ver at the frequeney at

whi ch the dept h coripeieftibo !lﬁ"gb‘é‘.‘::'t’rii S signal is conpared agai nst
the signal which i !“%§ v 1-1.right-3.t0 r%:sent. at - that .frequency, and any

i e(ri . -1,right-2.top+3); . _ '
differences fromt ge{ﬁ D -f%i-i. xare interpreted to be depth signal.
Thi s r ef er encg, SI 0Ngd te requickd ey idihesinddy Depth Gate Pul se For mer 59,
and shaped to its rsaepoeed | evel by Depth Gate Pul se Limter 58. The

fully formed ref er aeesjusityTENTER JEXT. CENEERTEXDni zed to the inconi ng encoded
depth signal for thw&@l@mﬂgﬁd}ﬁﬁ?ﬂw‘i on Separator 55 used to
synchronize the ”%ﬁ?mmg §%e®™¥ of the el ectron beamin a conventional

tel evi si on recei verif (=

T L bat(bu d depth si |
£ om LS4, Col our qu_meA%?uln?n cenntl Shhioh Rér@ERMnbatbuiish_ RipasRd depth signa

rer 57 and the reference signal
Depth Gate Sé Limtergs8 are nerged for conparison, the
anplified by Gated Dept h{ Synchroni zati on ) _
outtextxy(button_centrex. button_centrey-13*(float(button_height)/50),

button_textl); o
- ourtextxy(bution_centrex. bunon_cemrey+9*(ﬂoat(bqttbn_hexght)l§0).
button_text2); . .
} .
pressed=FALSE:
}
void down() ' . )
i draw a depressed button and prints the required labet on it.
setcolor(5):

setlinestyle(SOLID_LINE.upattern.NORM_WIDTH):
setfillstyle(SOLID_FILL. DARKGRAY):
bar3d(left.top,right.bottom.0.0):

setcolor(5); o
setlinestyle(SOLID_LINE.upattern. THICK_WIDTH):
line(left+2.bottom-1 left+2.top+1):

line(left+ 1.top+2.right-1.1op+2):
setcolor(LIGHTGRAY):

: sellinestyle(SOLID_LmE.upauem.NORM_WIDTH):
line(left+4.bottom-3.right-1.bottom-3):
line(left +3.bottom-2.right-1.bottom-2)

" line(left+2.bottom-1,right-1.bottom-1);
line(right-3.bottom- 1, right-3.top+4);
line(right-2.bottom-1,right-2,top+3);
line(right-1.bottom-1,right-1.top+2):

N  put the required text in the button.
setcolor( WHITE);
senextjustify(CENTER_TEXT. CENTER_TEXT):
settextstyle(lfont. HORIZ_DIR. text_size);
i cout < < button_text2 < < endl; :
i ==] . .
" (wn-ﬁet:::extxy)(bmon_cemrex. button_centrey-4*(float(button_height)/50.).

button_text1);
else
: outtextxy(button_centrex, hunon'_cehuey-13’(ﬂoat(buuon_height)l§0.).
el outtextxy(button_centrex. buuon_cemrey+9*(ﬂoat(butwn_height)l§0‘).
button_text2); ' .

}
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Ampli fier (o3oedtih f amplified signal will contain both CRePEhoSigdEAept h
conponents, 50 only those signals surroundi ng 2. 379 MHz, the encoding

frequency of the depth 30 signal, are extracted by extractor 62. This,
then, is the extracted depth signal, which is then anplified to a

usef ul - level by X TAL Qut Anplifi&F 61. Havi ng
extracted the depth conponent fromthe conposite video signal, the
circuitry nust now TﬁﬂgP ~he 35 snooth horizontal sweep of the el ectron
beam across the tel evision screen to enable the display of depth in

t he WO 964 2dchead PCT/ CA95/ 00727
29 resul tiyng 1 rERgMineswhetitf $idfronthes beea cbudhyd. hldirdunidOr | zont al sweep, t he
extracted and anpl i fTRUH foil ggeakid FALSE &bk nd. Jowblogislenuiateept h Adder 60 to the
standard verti #al synemeusarlickat i on si gnal routinely generated in a
conventional televidion set, as 5 described earlier in Fig. 13(a). The
nodi fi ed vertical it nchronlzatlon signal which is output from Depth
Adder 60 is nOW/Hﬁﬁg% gduce the vertical sweep of the electron
beamin Vertical Sméep nerator 64, which, as in a conventi onal
receiver; drives thehietuheGlessed) 1¥eRk2=aghyddbed. 10 controls the novenment of
the scanning el ectrecmpcB¥N The end result is a scanning electron beam
which is defl ected "W“ﬂwwnﬁﬂﬁmy up or down fromits conventional centreline
to generate a 3,D effect in the video .inmage by mnutely varying the
i nput point of. I|gh RTINS el optics 15 described earlier.

Fig. 14 illustrates e echonlc circuitry which is a preferred

enbodi ment’ of thoseuaddlhuﬁﬁabm&unctlons descri bed within the dashed
line-box in Fig. 13mouseY=_DX:

if {mouseButton&BUT1PRESSED)

{ ) )
burton1 Down=TRUE:
return O;

else if (buttonlDown)
{ if button 1 was down and is now up, it was clicked!
{
" check whether the mouse is positioned in the button.
. if ((((mouseX-left)*(mouseX-right)) <0) && (((mouseY-top)*(mouseY-
bottom)) <0)) :
1 if this evaluates as TRUE then do the following.
. {
buttonl Down=FALSE;
return 1:
} .
~ buttoniDown=FALSE:
reun 0: - '

" XXX XXX XXXXXXXXXXXX IM AN XXXXXXXXXXXXXXXXXXXXX

void main()

{

i this is the system main.

int Page_1 ﬂag. Page_2_flag, Page_3_flag, Page_4_flag, Page 5 ﬂag
imt Page_6_flag, Page 7_flag, Page 8_flag, Page 9 _flag, Page 10_flag;
char which;

/] initialize the graphics system.

int gdriver = DETECT, gmode. errorcode:
initgraph(&gdriver. &gmode, "c:\\borlandc\\bgi"):
/) read the result of initialization.

errorcode = graphresult();
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Fig. 15 illustrates an alternative neans of 20 varying the position of the

i ght whi ¢fip dé2amput to a different -form of pixel-I|evel RWCAN00727
structure. In this alternative, pixel-level optical structure 39 has an
appropriate optical transfer function, which provides a focal |ength
whi ch increases radially outwardly frojpthe 25 axis of the optical el enent
39 and.is_symmetic Qut its ; axl's 43. Light collimated to

cylindri Cgarf’ %‘8‘{? ;i i grapticBemRinbredly; St ruct ure, and the radius of

\n°, .
t he col |'i mat edp,imf(-p,tgs tk,yay :‘ der may. vary fromzero to the effective
~operating radi gach@f the optical structure. Three such 30 possible

cylindrical cobkdiflvati ons 40, 41 and 42 are dllustrated, producing from
a frontal V¥iew the annul ar i nput |ight bands 40a, 4la and 42a _
respectivel each of which wi Il produce, according to the specific
optical Z’fxﬁs‘%@f‘@ function of the device, a generated pixel of light 35
at a di ffﬁi’ ent ARPRE Abke Shved-ance fromthe viewer. . FIG 16
illustratgs, in conpressed formfor - WD 96/ 21171

PCT/ CA95/ 00727 - _ 30 clarity of
present atifon, st durremestobreanddibeisrlenat i ve neans of - varying the visual

di stance #rom tehBLAGKdpompallypalepiq Q) pprpalene 5 (nopmalty MAGENTAM o i ndi vi dual pixel . In
this ill Ug@%&%@w’“&? emdnae 0. Ch*are at a distance in front of the
5 1

pi xel - 'cs. A collimted beamof |ight may be incident

upon an opl i qugkivateltleAo@e 10/¥intiitdd wouéscrién. Var yi ng points, three of which
are il usyacitdelsegs | i ght beans 5, 6 and 7. Mrror 76 reflects the input
| i ght beatishowMansedn obl i que section of a concave mrror 77, which, by

the image form ng 10 characteristics of a concave mrror, presents the
| i ght -

" construct and initialize buttons.

Button logo(getmaxx()/2.100.260.130.1,"(AOCI LOGOY"."" 4,1);

Burton auto_control1(200.400.160.50,2," AUTO","CONTROL".2,1);
Button manual_control1(400,400.160.50.2."MANUAL"."CONTROL".2,1);
Button mute1(568,440.110,50.1,"MUTE","" 4,1); :

//Button proceed(getmaxx()/2,440,160,50.1,"PROCEED","" 4,1)

Button ¢_vision(getmaxx()/2.350,450.100,1."3-D RETRO"."",8,1);

Button main_menu(245.20.460,30,1."M AIN MENU"."".2,1)

Button time_date2(245.460.460,30.1,"Date: Time: Elapsed: 2.0
Button video_screen(245.217.460,345.1,"","" 4.1); _

Button video_message1(245.217,160.50.2,"Video Not”."Detected".2,1);

Button auto_onoff2(555.20:130.30.2."AUTO CONTROL"."ON / OFF".5.2);

Button manual_control2(555.60.130.30.1. "MANUAL CONTROL"."".5,2);

Button name_tags2(555.100.130.30.1."OBJECT TAGS"."".5.2);

Button voice_tags2(555.140.130.30.2."TRIANGULATE/"."DIST. CALC.".5.2):
Burton custom_session2(555.180.130.30.1."CUSTOM SESSION"."".5.2);

Button memory_framing2(555.220.130.30.1."MEMORY FRAMING"."".5.2):

Button remote_commands2(555.260.130.30.2."REMOTE ENDS"."COMMANDS".5.2):
Button av_options2(555.300.130.30.2,"AUDIO/VISUAL"."OPTIONS".5.2);

Bunton codec_control2(555.340.130.30.1,"CODEC CONTROL"."".5.2):

Burton mcu_control2(555.380.130.30.1,"MCU CONTROL","".5.2):

Button dial_connects2(555.420,130,30,2."DIAL-UP","CONNECTIONS".5.2);

Button mute2(555,460.130.30,1,"MUTE","",5,2);

Button ind_id3(245.20.460.30.1."PERSONAL IDENTIFICATION"."".2,1);

Button frame_cam3(555.20.130.30.1."FRAME CAMERA"."",5,2);

Bution cam_preset3(555.60.130,30,1."CAMERA PRESET"."".5,2);

Button autofollow3(555.180.130.30.1,"AUTOFOLLOWING","".5.2):

Button return3(555.420,130.30,2,"RETURN TO"."LAST MENU".5.2);

Button touch_face3(130.418.23¢ ~<.2."DEFINE AN OBJECT"."AND THEN TOUCH:".5.2);
Button type_id3(308.418,105.3¢ \CQUIRE"."OBJECT".5.2):

Button write_id3(423.418.105.3.  LOSE"."OBJECT".3.2);

Burton cancel3(555,340,130.30,1  ANCEL CHOICE"."".5,2);

Button keyboard(245.375.450.20¢  "(Keyboard)","".2,1);

Burton writing_space(245.425.450.100.1,"(Writing Space)”."".2,1):

Button typing_done(555.260.130,30.2,"TYPE AND THEN","PRESS HERE".5.2);
Button writing_done(555.260.130,30,2."WRITE AND THEN","PRESS HERE".5,2):
Button dial_connects6(getmaxx()/2.20.604.30,1,"DIAL-UP CONNECTIONS","".2,1);
Button directory6(getmaxx()/2.60.300.30,1."DIRECTORY"."".2.1);

Button manual_dialing6(57.420,84,30.2,"MANUAL"."DIALING".5.2):

Button line_16(151.420,84,30,1,"LINE 1°,77.5,2);
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beam of v g&PIJY sual distance fromthe viewer 5a, 6a, and PCTICAS100727
correspond he particular previously described and nunbered

pl acement of input beans. The concave mrror may have nmat hemati cs of
curvature which are of- vari ety of 15 conic sections, and in our |aboratory
we- have successful | y oyed all &t parabolic, hyper bolic and

spheri cal B““"“"’EGP -§4530. linEFNF |sséPrbo 5)ment experimental results

suggest t 3 of the
--; U4
gaver:

al " %ﬁ‘ﬁ “vet?hirrors should be
FirSt-SUr Baed bt 260458.30.1.7 OLLD gkyi,;alszystrates how i n one

- pref erredgmnm 12692336 17850.5, Rgf_[r_gmg D@Jj,@vms 1 FIG 16, pixel-level
conbi nat i gitfen &l Mmmmmmpnﬂ&mdmwm mrror 77 are arranged
agai nst t Batosadd femry6(103{34021 78,30 hb®- ANENTRYDE" £21p| oyed as an illumnation
source. | Butoindeletdrennyié 49.1H8.3G bIRAGTE ARENTRY'"0F.277 from one pixel is

conbi ned Riemkeyrds(8Y-2R 410143+ r®eypad)”. "2 om t he adj acent (i medi ately above)
pi xel to forma conbi ned el enent 78, which rests against the glass
front 8 of the cathode-ray tube, behind which are the conventi onal

| ayers of pghesphors 9 which glow to produce |ight when 30 inpacted by a
proj ect edand eislid theropdninglscheram -of el ectrons, illTustrated at different
positions in this draw ng as beans, 5b 6b and 7b. For each of these
three il {istraf¥ fecurrent fill Q rayt the bagkgrqund.o any ot her beam position within
t he spati %?:;d[?o W%GW el optical device, a point 35 of
light will be rhpat-S5PS08HPEE"Bbi nt to the assenbly, WO 96/ 21171
PCT/ CA95/ 00727 j0g0.up); 31 and wil |

t herefore be peeﬁnermpad to the viewer at a correspondi ngly uni que point.
As with thHe reproasiuwie enbodi nents of this invention, other |ight

sources tffan auto_controll.up();
: /] manual_control1.up();
mutel.up(); .
seaextstyle(TRIPLEX_FONT. HORIZ_DIR. 2);
outtextxy(getmaxx()/2,190,"(C) 1993-1995 AGENTS OF CHANGE INC.");
seuextstyle(TRIPLEX_FONT. HORIZ_DIR, 4):
outtextxy(getmaxx()/2,235,"WELCOME");
outtextxy(getmaxx()/2,265.“TO");
Page_1_flag=TRUE:

while (Page 1_flag)
{

! temporary keypad substitute for the touch screen,
which = geich();

if (which=="1")
{

if (!c_vision.pressed)
{
' ¢_vision.down():
goto Page_2:
}
else c_vision.up(;

}
if (which=="2")

{ .
if (‘mutel.pressed) mutel.down();

else mutel.up();

if (which=="S") Page_I_flag=FALSE:
}

goto bgm_terminate;

Page 2:
i this is the main menu.

setfillstyle(INTERLEAVE_FILL.DARKGRAY);
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cat hode-ray are capabl e of being enployed quite suitably. WD 96/ 21171

PCT/ CAYSH@P%H1171 PCT/CA95/0727
3D0105. cpp - APPENDI X A [/ AGENTS OF CHANGE
INC. [/ Advanced Technol ogy 3-D Retrofitting Controller Software //
Enpl oyi ng Touch Screen Graphical Userydl nterface // V.01.05 //
I ncl udes the fﬁf ngﬁh& J enent s: #i ncl ude <dos. h> #i ncl.ude
<stdi 0. h> #in ni o #lnclude <gr aphi cs. h> #i ncl ude <stdlib. h>
#incl ude < st r,,adagub;auﬁ) nclude < iostreamh > #define MOUSE 0x33
#def i ne - BUT1PRiS keksagel.dowm@def i ne BUT2PRESSED 2 #define TRUE 1
#def i ne FALSEume date2.up() void Acti vibuseO /1 activate nouse.
AX=32: auto_enaffd-yR0er v upt ( MOUSE) ;

manual_control2.up();

name_tags2.up();

voice_tags2.up();
custom_session2.up();
memory_framing2.up();
remote_commands2.up():
av_options2.up();
codec_control2.up();
mcu_control2.up(; -
dial_connects2.up();
mute2.up();

Page 2 flag=TRUE;

while (Page_2_flag)

{ .
" temporary keypad substitute for tl_le touch screen. . B ¢

which_=getch(); ) o .- : -

if (which=="1")

{ .
if (Yauto_onoff2.pressed)
{

auto_onoff2.down();

else auto_onoff2.up();

}

if (which=="2")"
{

if (‘manual_control2.pressed) manual_cbmrolz.down():
else manual_control2.up():

}

if (whichi=="3")

{
if (\name_tags2.pressed)
{

name_tags2.down();
goto Page 3.

else name_tags2.up();

if (which=="4")
{
if (Ivoice_tags2.pressed)

voice_tags2.down(); -
goto Page_3:

else voice_tags2.up();
}

if (which=="5")
{
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} - int ReyeoldsRyreO /1 nouse reset. _ AX=BCT/CA95/00727
geni nt er r upt ( MOUSE) ; ~return(: AX) } - void Showibuse()

/1 turn on nouse cursor. geni nt er rupt ( MOUSE) ;
} 'voi d H deMbuseO 9;&” off nouse cursor. _
i_ﬁ'i(:’%;but) gery(nEE @Lﬁl}@&% lc/g/(&;;‘,,g;joReadNbuse(|nt *v. int *h.
geni nterrupt ( SE) ; up?/ which button pressed: 1 =left. 2

=ri ght, 3 =bot - tenp=_BX *put =t enp; WO 96/ 21171
PCT/ CA95/ 00727:{f(whlch==6) -

if (!memory_framihgz.pressed_)

memory_framing2.down();
goto Page_3:

-}
eise memory_framing2.up(:;
}

if (which=="7")

if (tremote_commands2.pressed) remote_commands2.down();
else remote_commands2.up():

} .
if (which=="8")

if (‘av_options2.pressed) av_options2.down();
else av_options2.up();
}

if (which=="9")

if (lcodec_control2.pressed) codec_control2.down():
else codec_controi2.up();

}

if (which=="a")

{
if (!mcu_control2.pressed) mcu_control2.down():
else mcu_control2.up():

}

if (which=="b")

_if (!dial_connects2.pressed)

{

dial_connects2.down();
goto Page 6:
}

}

if (which=="c")
{

else dial_connects2.up():

if (\mute2.pressed) mute2.down():
else mute2.up():

}

if (which=1="S") Page_2_flag=FALSE;
} .

gota pgm_terminate;

Page 3: )
i this is the first "individual identification” menu.
I and includes the step into nametags.
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33 [/ hori zont al coordi nates. ' *h CX;

I
vertical wowesifat es. *v DX } cl ass Button PCT/CAISI73T c| ass -
creates screen buttons capabl e of being displayed raised or
depressed. Labels displayed on the buttons change col our when t he
button is depressed. { public: 40 int button centrex. button centrey.
butt on.w dt h. SNTRRLEMVE, FILL DARKGRAYY:t | eft. top.right.bottom text size.
text fields. |bfrﬁr(é(0gexmaxx()gennaxy@b,&¥ button textl[40]. button text2[401;
unsi gned upat tirigup(: button centrex. button centrey is the centre of
t he button pl adenwsntn.up); button width and button height are the .
di mensi ons of PFPe"‘QSﬁ!‘EG?T’“Qﬂ pi xel s. button text is the | abel on.

t he button. “‘“‘ m“" ‘ext size is the text size for settextstyleO.

int nouseX. nifEEEm ﬁ%ﬁ;seBUtton int ol dvbuseX. ol dMbuseY:

int buttonl DO\M},, ~int pressed:: . Button(int x.
int y. int w dbik ugsmpohel ght. int tfields. char *btextl. char btext2. int
tsize. int f) auofollowd.up(): // this constructor initializes the button

vari abl es. retrn3.up(); { button centres = x:

butt on centrey"“"zy’o' | button width = width:

button height ; }?ghtk strcpy(button textl. btextl):
strcpy(button fge text2) o ' :

while (Page_3_flag)

{
1 temporary keypad substitute for the touch screen.
which = getch();

if (which=="1")

if ({frame_cam3.pressed)
{ .

frame_cam3.down();

}
else frame_cam3.up():
}

if (which=="2")

{
if (lcam_preset3.pressed) cam _preseta down();
else cam _pres=t3 up(:

}

if (which=="3")
{
if ('name_tags2.pressed)
{ .
: name_tags2.down();
touch_face3.up();
type_id3.up();
write_id3.up();
cancei3.up();

type_or_write:

which=getch();

// the cancel button has been pressed.
if (which=="9") goto Page_3:

/1 type nametags.

if (which=="x") goto Page_4:

/1 write nametags. _

if (which=="y") goto Page_5:

goto type_or_write:

else name_tags2.up():

if (which=="4")
{

' SUBSTITUTE SHEET (RULE26)



text si Zewébaﬁ“l text fields=tfields: PCT/CA95/00727

I font=f: | eft=button centrex - button w dth/2:

t op= button cent rey - button_hei ght/2: ri ght =button
centrex + button wi dth/2: bott omrbutton centrey + button
hei ght/ 2: if (!voice_tags2. prﬁgh)%@gd' .0l dMbuseY=0;

but t onl Doyn = FALSEgop page 4; button2Down FALSE;

pressed =FALSEgise voice_tags2.up0: VOi d upO /I~ draws a raised button
and prints thej}required label on it. setcol or(5);

setlinestyl e(SOLI D LI NE. upattern. NORM W DTH) ;
setfillstyl e(S ID F”t?bi LI GHTGRAY) ;
t

bar3d(l eft.t op om 0. 0); set col or (WHI TE) ;
sedti nest yl e(s&_| D_ b Iyorblia@s. ;,gsg,@,,;rkﬂ,,g&mm) VD 96/ 21171

PCT/ CA95/ Q0727 goto Page 4: ' _ 34
line(left+2. bottom fblsdﬁfofoﬂ@Smm:H 1): .
line(left+l.top+2,right-1,top+2); ' set col or ( DARKGRAY) :

setlinestyle(SOLI D LI NE. upatter n. NORM WDTH)

if (which=="b")

{
if ({return3.pressed) rewrn3.down();

goto Page 2:

else reurn3.up();

if (which=="c")

{ ' ) . : |
if (‘mute2.pressed) mute2.down(); o ~
else mute2.up(); .-

}

if (which=="S") Page_3_flag=FALSE:

}

goto pgm_terminate;

Page_4:
i this is the nametags typing page.

setfillstyle(INTERLEAVE_FILL.DARKGRAY):
bar3d(0,0,getmaxx(),getmaxy().0.0):
ind_id3.up():
video_screen.up();
video_messagel.down():
frame_cam3.up();
cam_preset3.up();
name_tags2.down();
voice_tags2.up();
autofoliow3.up();
return3.up();
mute2.up();
keyboard.up();

typing_done.up():

Page_4_flag=TRUE:

while (Page _4_flag)

{ .
n temporary keypad substitute for the touch screen.
which = getch();

if (which=="7")

{ .

if (ltyping_done.pressed) typing_done.down();
' goto Page 3;
}

- SUBSTITUTE SHEET (RULE 26)



line(left+4.bottom 3, right-1.bottom 3);

line(l eft w9628 m 2. right-1. bottom 2); PCT/CA95/00727
line(left+2. bottom!| .right-1 .bottoml);

line(right-3.bottom!| .right- 3.top+4);

i ne(right-2.bottom 1, right-2.top+3)42

I i ne(right-1.bot omneibe ypingldtnelup(: op+2) ; /1 put the
required text in the button. setcol or(5);

- settextjustif % TER TEXT CENTER_TEXT) ;
settextstyl e([ IZ DR text size); cout < <
button_t ext2 < em,ymnﬁpms,d,mngdomo if (text fields = = 1)
out t ext xy(button_ C@dié Fagex3; button_centrey-4*(float (button_ hel ght)/50),
button_textl)} el se
{ elserewm3.upQ:  outt ext xy(button_centrex.

button_centrey-13*(fl oat (button_hei ght)/50). button_textl);
out t ext xy( but tf?r]mgent hex. button_centrey+9*(fl oat (button_hei ght)/50).

butt on_t ext 2) pressed = FALSE; _ }
void downO if (tofue2. presStiiameadsbapr essed button and prints the required
| abel on it. else mute2.up(); setcol or(5); '

setlinestyl e(BOLI D LI NE. upattern. NORM W DTH) ;

setfillstyle(SOLID FILL. DAR _GRAY):

bar 3d( | eff{vhicap=S) ERe-4HBET NS setcol or(5);

setli nes . L1 NE. upatter n TH CK_WDTH) :

Iine(leff‘)"f%{g%%oml deft+2. top+ 1): ' Ilne(left+1
.top+2.right-1.top+2): : set.col or(LI GHTGRAY)

setl i nespage 8( SO D LI NE. upat t ern. NORM_W DTH) .
li ne(| ef t/+4. beistissheamaEesyiting Pagfot t om 3) :

| i ne(I ef t +3. b%lsm(ﬁkg}\ﬁjﬂﬂ%k%%

bar3d(0,0.getmaxx(),getmaxy().0.0):
ind_id3.up();

video_screen.upO:
video_messagel.down();
frame_cam3.up();
cam_preset3.up();
name_tags2.down():

. voice_tags2.up(Q;
autofollow3.up();..
rerurn3.up();
mute2.up();
writing_space.up();

writing_done.up():

Page_S_ﬂég =TRUE:
while (Page_5_flag)

{ .
/" temporary keypad substitute for the touch screen.

whlch = getch();
if (which=="7")

if ('typing_done.pressed) typing_done. down()
goto Page_ 3

else typing_done.up();

-if (which=="b")

if (\rerurn3.pressed) return3.down();
goto Page 3;

else return3.up():

SUBSTITUTE SHEET (RULE 26)



- settextjustify(

bottom 1):

i ne(left + right-1. PCTI/CA95/00727
Ilne(rlght&WWml right-3.top+4);
line(right-2.bottom|.right-2.top+3):
line(right-1.bottoml.right-1.top+2): I put the

required text

{ont

settextstyle(lf
text2 < < endl:
outt ext xy(buttgn_centrex.

button_textl);

i.n the button.
MRS TEXT. CENTER TEXT) :

HaRkE DleRea) h&staowioz €) ;

else mute2.up():

set col or (WHI TE) ;

cout <-< butto
it (text_fields= =1
button_centrey-4*(fl oat (button_hei ght)/50 ).

el se

n

out t ext xy fdﬂ!'!"&r'r Erbree b f2e=FMSEbNn centrey-| 3*(fl oat (button_hei ght)/50.).

button_te tléﬁ/ ] out t ext xy(button_centrex.
button_cef W‘oat(button hei ght)/50.). button_text?2). VO
96/ 21171 page :

PCT/ CA95/ QO 727 this is the cormecnons dialing and directory maintenance page. 35
pr essed=TRUE; } int touchedO /1
det er mi nes \Ahetsn@lstﬂamﬁﬁki-%vﬁn HEL.DARKGRAY¥ched, and returns Il
TRUE for vyes. f‘%ﬁgwoo?buchl ng is emul at ed /1
nouse cl i ck. int tenp; _AX=3;

geni nterrupt dm:g%o

scroll_up6.up();
scroll_down6.up();
dial_this6.up();
add_entry6.up():
deiete_entry6.up();

manual_dialing6.up():

line_16.up();

line_26.up();
dial_tone6.up();

hang_up6.up();
return3.up();
mute2.up();

Page_6_flag=TRUE;

while (Page_6_flag)

{
i

which = getch();

if (which=="b")
{

temporary keypad substitute for the touch screen.

if ({return3.pressed)

|

return3.down():

goto Page_2;

else return3.up();

if (which=="'¢c") -

{

if (\mute2.pressed) mute2.down(): -

else mute2.up();

}

}

goto pgm_terminate:

pgm_terminate:
getch();

if (which=="8") Page_6_flag=FALSE:

.- SUBSTITUTE SHEET (RULE 26)
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11 whi chbut t onpressed: 1=l eft. 2=right, 3=both.

t enp+_BX; WO 9621171 mouseBut t on=t enp: PCT/GA9SI00721
~horizontal coordinates. mouseX=_CX; 11
vertical coordi nates. : ' nmouseY= DX if

(rmouseBut t on&BUT1PRESSED) - v - butt onl Down=TRUE:
return.0:y this is the closing sequenck. el se if (buttonl Down)
/1 if button | was down and is now up, it was clicked!

closegraph(): /1 check whether the nouse is positioned in the
button. } _ if ((((rmouseX-1left)*(museX-right)) <0)
&& (((nouseY-top)*(nouseY- botton)) <0)) /1 if this

eval uates as TRUE then do the foll ow ng.

{ but t onl Down=FALSE:
return 1: : _ , } :
but t onl Down= FALSE: : return O:

I XXX XXXXKK M A T N XOOXXOKKKXXXXXX voi d mai n() {.’

. GUBSTITUTE SHEET (RULE 26)



/1 t hivwwologaif¥e systemmain. int Page_1 flag, Page_2_f| apCT/eA980027 | ag,
Page 4 flag, Page 5 flag: int Page 6 flag, Page 7 flag, Page 8 fl ag,
Page 9 flag, ‘Page 10 flag; char which; [/ initialize the graphics
system int gdriver = DETECT, gnode. egykorcode; initgraph(&gdriver. &gnode.
"C:\\ bor | apdeldogiviguenshd Laad«sbe result of initialization. errorcode=
graphresul G ARPROUHS. 196/ 211%1

PCT/ CA95/ ®7 Arhage Processing Header File  */ : : 36 i f°
(errorcode*! w@%%vm erf or occurred. printf(*G aphics error:
%s\ n*. gr dpherrisgimiytacdr codé) ) : printf("Press any key to halt:*); -

getcho; exXI T (1), 1 T7TiT (!ResetNbuseQ) //{ //  printf("No

Mouse Dri We&;}gﬁﬁﬁ o Proworypes ©t the current colours-and line style. //
set BLACK doRpike CobdlufidntBY TE hugt Qnifade SinigedCol. GdightB RoOw, MAGENTA) // to
correct a colour setting pumigleeWidhnaisigned Beightt +. setpal ette(5. BLACK); //

activate the nouse to enul sibre*KemelownsignedKamei€ols,
. - unsigned KernelRows, unsigned Scale,

- unsigned Absolute. BYTE huge * *OutimageBufPtr):

CompletionCode RealConvolution(BYTE huge *Inimage,
unsigned Col. unsigned Row,
- unsigned Width. unsigned Height,
-double *Kernel. unsigned KernelCols,
unsigned KernelRows. unsigned Scale,
unsigned Absolute, BYTE huge * *OutlmageBufPtr):

CompletionCode MedianFilter(BYTE huge *InImage. unsigned Col. unsigned Row.
unsigned Width. unsigned Height, -
unsigned NeighborhoodCols. unsigned NeighborhoodRows.
BYTE huge * *OutimageBufP1r);

CompletionCode SobelEdgeDet(BYTE huge *Inlmage.
unsigned Col. unsigned Row.
unsigned Width. unsigned Height,
unsigned Threshold. unsigned Overiay,
. BYTE huge * *OutlmageBufPtr);

.. .. SUBSTITUTE SHEET (RULE 26)



/] ActiviMbuseQ [/ Showwouse(); Il construct and initialize buttons.
But t on | owassearmxx()/ 2. 100. 260. 130. 1. " (AOCI LOGO)"."*. 4. 1) rcmmmmn 0
conrol | (200. 400. 160. 50. 2. "AUTO'. " CC]\ITRC]_" 2.1); But t on nmanual

control | (400.400. 160.50. 2. "MANUAL". "CONTROL". 2. 1) ; Button

mut e] (568. 440. 110. 50. 1. "MJUTE", "", 4, 1) ; 46/ Button .

proceed( get maxx()/2.440. 160.50. |."PROCEED'."".4.1); Button

C_Vi Si on( geteresessp)shidsBHBudbsOs2@Gmi2«8- D RETRO'." "8, 1.); Button

mai n_nmenu(245..20ARRROCBHCL. "M X | NME N U'."".2.1); Button

time date2§245ﬂ'l!6‘b°°ﬂﬁ9 Sde 1. " Pt e: Ti me: ‘El apsed: . "."".2.1);
Button vi deo 4% T’? ﬁb 345.1,"","", 4.1);: Button video

messagel (?4% YrHsen . )ﬁ_d,e,g_,bn; " v Det ect ed",2.1); Button

aut o_onof f 2(555. 20. 130. 30. 2. "AUTO CO\ITRO_ "ON / OFF".5.2); Button
manual _CoORnkiede Lstafern>60..130. 30. 1. " MANUAL CO\ITRO_ .""15,2); Button nanme
tagsZ( 555 #ihfife k3@IKA0> 1. " OBJECT TAGS'."".5.2); Button

voi ce_t ag¥inflee scankth > 30. 30. 2. " TRI ANGULATE/" . DI ST. CALC. ".5.2): Button
cust om seé’@ﬂ!ﬁﬁzf‘((;??}g 180.130. 30. 1. " CUSTOM SESSI ON'. "".5.2): Button menory

fram ng2( ;30. 1. "MEMORY FRAM NG'. ™" 5 2): Button _
renote_co . 260.130. 30. 2. " REI\/DTE ENDS". " COMMANDS". 5. 2): Button av
opt i ons2( +30. 2. "AUDI Q VI SUAL" . " OPTI ONS". 5. 2) . But t on
codec_cont#nahde (hikch 340. 130. 30. 1. "CODEC CONTROL","",5.2): Button

ncu_cont r ¢ind¢de 5isx.880. 130. 30. 1. " MU CO\ITRO_S 2): Button di al

connectsZ(#%!Fezl'z!)h’lSO 30. 2. "Dl AL- UP". " CONNECTI ONS" .5.2): Button

mut e2(555£gg 1‘3‘6?‘%‘0 "MJTE","",5,2); Button

ind_id3(2 Ul RS " PERSONAL | DENTI FI CATI ON'. " " 2. 1); Button
franme_canB(555. 20. 130 30 1. "FRAME CAMERA"," ",5.2); Button

cam preset8(555. 60. 130. 30, 1. " CAVERA PRESET" "o ,5.2); Button

- aut of ol | owBdgErEoovhiBibn EdioB0. 1. " AUTOFOLLOW NG . "". 5. 2): 'Button _
return3(536. 420. 130. 30, 2. " RETURN TO' ."LAST-MENU'.5.2); Button touch
face3(130.418.230 5 2. " DEFI NE A ECT" " THE TOUCH: ".5.2); Button
type i d3(@8"ﬂ‘1’§%‘“‘3§“"“ ton wite

i d3(423.418. 105. 3 LOSE". E,,;on cancel 3(555, 340, 130, 30, 1
CANCEL CHO CE"," ",5,2); Bwfs. KMWWW?S 450. 20C

(Keyboar a"."", 2. 1); Buttomlweahmge SYTE g DudidipeBdB@). 100. 1, "Witi ng
Space) ", " {" 2 1); Button thl ng_done( 555. 260. 130. 30. 2, "TYPE AND

o is gned;CojExtent. wExtent:
THEN", PRESrgmmgn::jﬁzzebol ImageRow. KemCol. KernRow:

" unsigned ColOffset. RowOffset. TempCol. TempRow:
BYTE huge *OutputimageBuffer:
long Sum:

- short *KernelPtr;

if (ParameterCheckOK(Col.Row.Col + Width.Row + Height. “Convolution™))

/* Image must be at least the same size as the kernel */
if (Width > = KemelCols && Height > = KemnelRows)
{ .
1* allocate far memory buffer for output image */
OutputimageBuffer = (BYTE huge *)
farcalioc(RASTERSIZE. (unsigned long)sizeof(BYTE)):

if (OutputimageBuffer == NULL)
{

restorecrimode();
printf("Error Not enough memory for convolution output buffer\n” )

return (ENoMemory);
}

/* Store address of output image buffer */

*OutimageBufPtr = OutputimageBuffer:
fid

Clearing the output buffer to white will show the
boarder areas not touched by the convolution. It also

SUBSTITUTE SHEET (RULE 26)



Butt on W igé ggzﬁwe(SSS 260, 130, 30, 2. "VRI TE AND THEN', " PRESPCHIEAYS/BTD) :
Button di al _connect s6(get maxx()/(2.20.604.30. 1." DLAL uP

CONNECTI ONS", "", 2. 1); Button directory6(getmaxx()/2.60.300.30, 1
."DIRECTORY", "",2.1); Button manual

di"al i ng6(57. 42Q Pt P G'.5.2); Button line

16( 151, 420, 84, %b"g'?“;%ﬁ" "%}?'J‘W%g" : &I VO 96/ 21171

PCT/ CA95/ 00727 ' 37

Button |ine 26(@4@4@0«@»&%@1@ MENCDLNUM, NINROWNBML t on
di al _t ane6(339. 420. 84. 30.MAXCOLS MAXRONEWHITE), 5 2):. Button
hang-_up6( 433, 420, 84. 3 "HANG UP","",5,2): Button

scrol | _up6(104. ) ”17 c 2SCRC]_L DI RECTORY UP," ",5,2); Button _
scrol | _down6(294¢ : ¢ gCROLL DI RECTORY DQ/\N "",5,2); Button dial

t hi s6(198. 300. & 88.clioftket: A THI S", "NUMBER', 5, 2); Button :

add_ent r y6( 104, K4 0x, =L RéSxOifes; 1, " ADD AN ENTRY","",5,2): Button .

del et e_ent r y6( 28igth 34(KepeBol8O1)1, " DELETE AN ENTRY" . " ,.2); Button _
keypad6( 505, 320*‘5!!0‘1‘9’1'"‘3"“( Kbypad) "Lt 2,1); Page_l: /1 this is the

openi ng screen., c t Fill style and draw t he
background. | C"‘“““é&;'ﬂ el“?&'ﬁ"& EAVE_FI LL. DARKGRAY) :

bar 3d( 0, 0. get rrw 08 RORY 0 0): | ogo. up(); :
c_vision.up(); 1/ procee up() vy auto_control 1.up(): //
manual _contr ol ]{oﬂ.qn(agekow = Row: kmgngwa: RowExient; imageRow + +) '

TempRow = ImageRow - RowOffset:
for (ImageCol = Col: ImageCol < ColExtent: ImageCol + +)
{
TempCol = ImageCol - ColOffset: -
Sum = 0OL; - :
KernelPir = Kernel;
for (KernCol = 0; KernCol < KernelCols: KernCol + +)
for (KemRow = 0; KernRow < KernelRows: KernRow+ +)
Sum + = (GetPixelFromImage(Inimage, .
TempCol +KernCol. TempRow +KernRow) *
(*KerneiPtr+ +));

/* If absolute value is requested */
if (Absolute)
Sum = labs(Sum);

/* Summation performed. Scale and range Sum®/.
Sum > > = (long) Scale:

Sum = (Sum < MINSAMPLEVAL) ? MINSAMPLEVAL.:Sum:
Sum = (Sum > MAXSAMPLEVAL) ? MAXSAMPLEVAL:Sum:
PutPixeiInimage(OutputimageBuffer.imageCol.ImageRow.(BYTE)Sum):’

}
else

return(EKernelSize);

}
return{NoError);
}

I* :

Real Number Convolution Functioni. This convolution fumction is
only used when the kernel ‘entries are floating point numbers
instead of integers. Because of the floating point operations
envolved. this function is substantially slower than the already
slow integer version above.

* / .

CompleuonCode ReaiConvolution(BYTE huge *Inlmage,
unsigned Col. unsigned Row,
unsigned Width, unsigned Height,
double *Kernel. unsigned KerneiCols.
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settextstyl e( TRIPLEX_FONT. HORI Z DIR 2)

out t ext xy )/2.190,"(C) 1993-1995 AGENTS
&P@?ﬁ%‘é{ (9 OF CHANGE | NKCT/GA95/00727

sett ext st EX FONT. HORIZ DR 4
out t ext xy(get maxx()/2.235. " WELCOVE") ;
out t ext xy(get maxx()/2,265."TO");

screen. which = getch(); unsig
vi si on. pressed) () unsigned Abdolute . BY

)QOt 0 Page_2ygister unsigned ColExtent, RowExtnt:

fegistek \Msigriad EnageCal. InageRow. KernCol. KernRow;

)

_ Page_1 flag =TRUE:
whil e(Page 1 flag) { // t enpor any, mﬁ% postitute for the touch
ql _=|’ 1
_ C

mut el . down (uynsigned ColOffset. RowOffset. Tempedl.dlempRave! . up() ;

geBufPrr) if(lc

el

vi si on. down():

se c_vision.up();

if (!mutel.pressed)

i f (which=="5)

Page_1_f| agB¥TEhGE *OunytimageByfon t er mi nate;  Pa - T i
1 : 1 e; ge 2: /1 this is the
menu. double 268t £, | Styl e(1 NTERLEAVE_FI LL. DARKGRAY) ; e

if (PaumeterCheckOK(Col.Row.CoHWidm.Row;ﬁeiéht,'CGnvoluﬁm'))

/* Image must be at least the same size as the kernel

*/

if (Width > = KernelCols && Height > = KemelRows)

{

/* allocate far memory buffer for output image */

OutputimageBuffer = (BYTE huge *)

farcalloc(RASTERSIZE. (unsigned long)sizeof(BYTE));

if (OutputlmageBuffer == NULL)

{
restorecrimode();

printf("Error Not enough méemory for convolution output buffer\n); . -

rewurn (ENoMemory);

}

I* Store address of output image buffer */
*OutimageBufPtr = OutputimageBuffer:

" *

Clearing the output buffer to white will show the

boarder areas not touched by the convolution.

L/

It also

provides a nice white frame for the output image.

ClearlmgeArea(OutpudmageBuffer.MINCOLNUM.MlNROWNUM.
MAXCOLS.MAXROWS.WHITE): '

ColOffset = KerneiCols/2:
RowOffset = KernelRows/2:

/* Compensate for edge effects */
Col += ColOffset:

Row + = RowOffset:

Width -= (KemnelCols - 1);
Height -= (KernelRows - 1);

/* Calculate new range of pixels to act upon */

ColExtent = Col + Width:
RowExtent = Row + Height:.

for (ImageRow = Row: ImageRow < RowExtent: imageRow+ )

“TempRow = ImageRow - RowOffset;

for (ImageCol = Col: ImageCol < ColExtent: lmageCd|++)

TempCol = ImageCol - ColOffset;
Sum = 0.0;
KernelPtr = Kemel;

for (KernCol = 0: KernCol < KernelCols: KernCol++)

for (KernRow = 0: KemnRow < KemelRows: KernRow + +)
Sum + = (GetPixelFromimage(inimage,

TempCol+KemCol. TempRow +KemnRow) *

SUBSTITUTE SHEET (RULE28) ~



WO 96/ 2117 -
PCT/ CA95/ Ué%%‘fz“” - | PCTICASSOOT2T,

bar 3d( 0, 0. get maxx(), get maxxy(),0 O ; mai n menu. upQ vi deo
screen. upQ . vi ded nessagel . downGQ, time date2.up();

aut o onof f 2. upQ, manual _cont r 2. upO nanme_t ags2. up();

voi ce_t ?gsz: up() ; ) (KRR Bhssi on2. up(); B

menory_fram ng2. u : . te_commands2. up(): :
av_options2. up() ;;?Emgvamgoaec_cont rol 2. up(); ncu_control 2. up();
di al connects2. upQO sum = fabs(Sumffut €2. up() ; Page 2 flag=TRUE, while
(Page_2_fl ag) tenporary keypad substitute for the touch screen.

whi ch = getch(); /*Summation perforried SeAl anhrange Sum %' ) if (lauto
onof f 2. pressed) Sum /= (double)(l< <Scale); aut o onof f 2. downQ, -

Sum = (Sum < MINSAMPLEVAL) ? MINSAMPLEVAL:Sum; °
Sum = (Sum > MAXSAMPLEVAL) ? MAXSAMPLEVAL:Sum:
PutP_ixgllnlmage(Outpmlmage_Buﬁer.ImageCol.hnageRow.‘(BYTE)Smn):

}
else
return(EKernelSize);

rerurn(NoError);

}

I* )

Byte compare for use with the gsort library function call
in the Median filter function. -

* -

int ByteCompare(BYTE *Emryl, BYTE *Entry2)
{ . :
if (*Entryl < *Entry2)

return(-1);
eise if (*Entryl > *Entry2)
return(1);
else
. rerurn(0);

}

CompletionCode MedianFilter(BYTE huge *Inlmage. unsigned Col. unsigned Row,
unsigned Width. unsigned Height. ' )
unsigned NeighborhoodCols. unsigned NeighborhoodRows.

- BYTE huge * *OutlmageBufPtr)

register unsigned ColExient, RowExtent; . . .
register unsigned ImageCol. ImageRow. NeighborCol. NeighborRow:
unsigned ColOffset. RowOffset. TempCol. TempRow. Pixelindex:
unsigned TotalPixels, Medianindex: '

BYTE huge *OutputimageBuffer;

BYTE *PixelValues;

if (ParameterCheckOK(Col.Row,Col+Width.Row + Height. "Median Filter"))

/* Image must be at least the same size as the neighborhood */
if (Width > = NeighborhoodCols && Height > = NeighborhoodRows)
{ . ' .
1* ailocate far memory buffer for output image */
OutputimageBuffer = (BYTE huge *) .
farcalloc(RASTERSIZE.(unsigned long)sizeof(BYTE));

if (OutputimageBuffer == NULL)
{ o
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el se auto_onof f2. up(); " if (which = = '2')"

L (! manugle gspiifi0! 2. pressed) manual control 2. down(): :

el se manual _control 2. up(): } [ f(%\'/vhi ch= :qrg?fmo,27
i f (!nanme_tags2. pressed)

name_t ags2. down() ; goto Page_3; '

_9, el
p?rrel_t ags2. Up() ; oorecrumoded: 5 i-f (which = ='4") >
' (!voi Ce—'_[ agsS op (%ﬁm enough memory for median filter outpul\b{ifi’eﬁﬁj_;t ags2. down();
got o Page_3; return (ENoMemory); el se voi ce_tags2. upO :

i f (which= ='5Y) WO 96/ 21171
PCT/ CA95/ 00727 :
/* Store address of output image buffer */
*QOutimageBufPir = OutputimageBuffer;

’l

Clearing the output buffer to white will show the
boarder areas not touched by the median fiiter. It aiso
provides a nice white frame for the output image.

*/ _

ClearknageArea(OutpuﬂmageBuffer.MmCOLNUM.MINROWNUM.'
MAXCOLS.MAXROWS,WHITE);

{* Calculate border pixel to miss */
ColOffset = NeighborhoodCols/2;
RowOffset = NeighborhoodRows/2:

/* Compensate for edge effects */

Col + = ColOffset; .
Row + = RowOffset; : :
AWidth -= (NeighborhoodCols - 1);

Height -= (NeighborhoodRows - 1);

/* Calculare new range of pixels 10 act upon */
~ ColExtent = Col + Width:
RowExtent = Row + Height:

TotalPixels = (NeighborhoodCols*NeighborhoodRows);
Medianindex = (NeighborhoodCols*NeighborhoodRows)/2:

/* allocate menaory for pixel buffer */
PixelValues = (BYTE *) calioc(TotalPixels.(unsigned)sizeof(BYTE));

if (PixeiValues == NULL)

{
restorecrimode(): . .

~ printf("Error Not enough memory for median filter pixel buffer\n”): -
return (ENoMemory);

} :

for (ImageRow = Row: ImageRow < RowExtent: l_mageRow+ +)

TempRow = ImageRow - RowOffset:
for (ImageCol = Col; ImageCol < ColExtent: imageCol++)

{ o
TempCol = ImageCol - ColOffset:
. Pixelindex = 0: .
for (NeighborCol = 0: NeighborCol < NeighborhoodCols: NeighborCol++) -
for (NeighborRow = 0: NeighborRow < NeighborhoodRows: NeighborRow + +)
PixelValues[Pixelindex ~ +] =
GetPixelFromimage(i:..nage, TempCol +NeighborCol.
. ' TempRow + NeighborRow):

I’

Quick sort the brightness values into ascending order

and then pick out the median or middie value as

that for the pixel.

t[ -
qson(PierValues.TomlPixels.sizeof(BYTE).ByteCompare):
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39 if (!custom session2.pressed) cust om_seﬁéhW() :

el se _cuét INOIEBETHN2. up() ; ~ if (which = ='6")
if (!menory_fram ng2. pressed)
menory_fram ng2. down(): goto Page_3;
el-se nmenory_fram ng2. upQ } st i f (which = =7")
if (!renot e_commmﬂmmm@m-@wsmmz down() ;
el se renot e_comyands2. up() ; PixelValuesiMedianlndex)): (\\hj ch = :(')8' )
if (lav_opt] ons”é. pressed) av_options2. down(); | el se
av_opti ons2,up() ; } if (which ="'9")
It (! codec_%,&nt rol 2. pressed) codec_control 2. down(): el se
~codec_cont r Ol 2.réuhEKernelSize): if (which= ="'a") if
(!'ncu_cont ol 2. pressed) ncu_conrol 2. downs) D el se
ncu_cont r ofr@(RingiVylues);  /* give up the pigel yajgp buffee™/ = [y ) :
return(NoError); .
}
-
"Sobel Edge Detection Function
*

CompletionCode SobelEdgeDet(BYTE huge *Inlmage,
unsigned Col, unsigned Row,
unsigned Width. unsigned Height,
unsigned Threshold. unsigned Overlay,
BYTE huge * *OutimageBufPtr)

register unsigned ColExtent. RowExtent: .

register unsigned ImageCol, ImageRow:, : N
- unsigned PtA, PiB, PtC, PiD, PtE. PtF. PtG, PtH, Pil; o -

unsigned LineAEIAveAbove, LineAEIAveBeiow. LineAEIMaxDif; -

unsigned LineBEHAveAbove, LineBEHAveBelow, LineBEHMaxDif;

unsigned LineCEGAveAbove, LineCEGAveBelow, LineCEGMaxDif;

-unsigned LineDEFAveAbove, LineDEFAveBelow, LineDEFMaxDif;

unsigned MaxDif;

BYTE huge *OutputimageBuffer:

if (ParameterCheckOK(Col,Row,Col + Width,Row +Height,"Sobel Edge Detector”))

/* allocate far memory buffer for output image */
OutputimageBuffer = (BYTE huge *) ‘
faxjcalloc(RASTERSIZE.(unsigned long)sizeof(BYTE));

if (OutputimageBuffer == NULL).

restorecrtmode();
printf("Error Not enough memory for Sobel output buffer\n”):
rerurn (ENoMemory); '

}

/* Store address of output image buffer */
*QOutimageBufPtr = OutputimageBuffer:

I* .
Clearing the output buffer
l/ '

ClearlmageArea(OmpmlmageBuffer.MINCOf.NUM.M!NROWNUM.
MAXCOLS.MAXROWS.BLACK);

/* Compensate for edge effects of 3x3 pixel neighborhood */
Col +=1;

Row +=|;

Width -= 2;

Height -= 2;

/* Caiculate new range of pixels to act upon */
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i f (!dial _connects2. pressed) : di al

{ .

connect s2. . got o Page 6: el se -
di al _connec@?@f.’%’ﬂb L ) it (whi ch} = o FOTCASOOT

if (!nute2.pressed) nute2.down(): : el se nute2. up(): i f
(which = ="S') Page_2_flag=FALSE; got ¢ pgm ter m nat e; Page 3:

this is. the digsh - doNdiwibglual identification” menu. and incl udes

the step i Nty BRMEL RGP + Heighy VWO 96/ 21171 :

PCT/ CA95/ 00727 . 40

sefi | | styl e(frRagRREAYROW mpmx%lmgendw )
bar 3d(0, 0, get t nfasdaapeCalet felidpegeCad <(olExient: ImageCol++hd _j d3.-up() ;

vi deo_screen. upﬁ)' vi.deo sagel . down():
Lo \/* Get each pixel in % L
time_date2. up()ip, - Gemixemmim%&%)nmmmwm

PB = GetPixelFromimage(inimage.imageCol .ImageRow-1);

" PiC = GetPixelFromimage(Inimage.imageCol + 1.ImageRow-1);
PtD = GetPixelFromimage(Inimage.ImageCol-1.ImageRow );
PtE = GetPixelFromimage(Inimage.ImageCol .ImageRow );
PtF = GetPixelFromimage(inimage,ImageCol + 1.ImageRow );
PtG = GetPixelFromimage(Inimage.ImageCol-1.ImageRow+ 1};
PtH = GetPixelFromimage(inimage.ImageCol .ImageRow+1);
Pu = GetPixelFromimage(inimage,ImageCol +1.ImageRow+1);

’t

Calculate average above and below the line.

Take the absolute value of the difference.

*/

LineAEIAveBelow = (PtD+PiG+PtH)/3; o . {
LineAEIAveAbove = (PtB+PiC+PtF)/3; . .
LineAEIMaxDif = abs(LinecAEIAveBelow-LineAEIAveAbove); . ot

LineBEHAveBelow = (PtA+PtD+P1G)/3;
LineBEHAveAbove = (PtC+PIF+PtI)/3; - S
LineBEHMaxDif = abs(LineBEHAveBelow-LineBEHAveAbove);

LineCEGAveBelow = (PtF+PtH+Pil)i/3;
LineCEGAveAbove = (PtA +PtB+PiD)/3;
Li_neCEGMaxDif = abs(LineCEGAveBelow-LineCEGAveAbove);

LineDEFAveBelow = (PtG+PtH+Ptl)/3;

LineDEFAveAhove = (PtA+PtB+PtC)/3; .

LineDEFMaxDif = abs(LineDEFAveBelow-LineDEFAveAbove):

It .

Find the maximum value of the absolute differences

from the four possibilities.

*/

MaxDif = MAX(LineAEIMaxDif.LineBEHMaxDif);

MaxDif = MAX(LineCEGMaxDif.MaxDif);

MaxDif = MAX(LineDEFMaxDif MaxDif):

/.

If maximum difference is above the threshold. set

the pixel of interest (center pixel) to white. If

below the threshold optionally copy the input image

to the output image. This copying is controlled by

the parameter Overiay.

l’ ‘. .
if (MaxDif > = Threshold)

PutPixellnimage(OutputimageBuffer.ImageCol.ImageRow. WHITE):
eise if (Overlay)
PutPixelInimage(QutputimageBuffer.ImageCol.ImageRow . PtE);
“}

}.
reiurn(NoError);
}
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cam_pr esety, 171 name_t ags2. up(); Voi ce_t ROTRASSI0727

aut of ol | ow3. up return3. up(); - mute2.up();

Page 3 fl ag= =TRUE: while (Page_3_fl ag) tenporary keypad

substitute for the touch screen. which .z getch(); if (which = =

") { b (l?rarre canB. pressed) *
B FRPOCES.H 4 ranme cans . down(); el se

frame canB,sun(,ﬁgcpmmgnuderp.w fe(wWhich = ="'2") i f

(" cam _pr es/et Friie Poeessing Fasanpr eYet 3. down() ; el se

cam preset/8. upfigeninTurboC2.0  ¥f (which= ='3") ' i f

(! nane tag{§'2"[5?'é"§'éﬂj /

name_t ags2 " (_Realmemmbmmn o touch_face3. up();

type_i d3. ef enum {And%)r Xor.Add, Sugph;nlt WM&W ﬂ& &%}}13;&Funcuon

cancel 3. up type_or_wite:

T Frame Process Function Prototypes */

void Combmelmages(BYTE huge *Simage,
unsigned SCol. unsigned SRow,
unsigned SWidth. unsigned SHeight,
BYTE huge *DImage,
unsigned DCol. unsigned DRow,
enum BitFunction CombineType,
short Scale);
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whi ch= getch()' /'l the cancel button has been pressed.

I f (whi ct‘w 9 2 9goto Page_3; It
09 - ype nanepEPACA95/00727
i f (which= 3l2 5 goto Page_ 4; /'l wite nanetags.
if (which= ="y") goto Page_ 5: goto type or_wite:
el se nane_t ags2. upQ. | f (V\,hi ch = ="4") - WD 96/ 21171
PCT/ CA95/ 00727 ' 41
if (!voi c;é“f':!g’é'z F'e"s""e'ﬁ“) VoI ce rags2. down(); ~ goto :
Page_ 4 o mgemesmg\ég&ece 1’,,31932 up(); } if (which = =
5") /¢ Frame Process Functiont ( 'sput of ol | ow3. pressed) aut of ol | ow3. down() ;
got o Page,_4 wrinenin TurboC20 « €l se autofol | ow3. up(); | f
(Whl ch==" jaie} { ses/ : '

#include <stdio.h>.
#include <stdlib.h>
#include <conio.h>
#include <dos.h>
#include <ailoc.h>
#include <process.h>
#include <graphics.h>
#include "misc.h"
#include "pex.h"
#include "vga.h"
#include "imagesup.h”
#include "frprocess.h”

/* Single function performs all image combinations */ .

void Combmclmages(BYTE huge *SImage,
unsigned SCol. unsigned SRow.
unsigned SWidth, unsigned SHeight,
BYTE huge *Dimage,
unsigned DCol. unsigned DRow,
enum BitFunction CombineType,
short Scale) .

register unsigned SimageCol. SimageRow. DestCol:
short SData. DData; )
unsigned SColExtent. SRowExtent:

if (ParameterCheckOK(SCol.SRow.SCol + SWidth.SRow + SHeight. *Combinelmages™) &&
ParamexerCheckOK(DCol DRow.DCol+S$Width.DRow +SHeight."Combinelmages™))

{
SColExtent = SCol+SWidth:
SRowExtent = SRow +SHeight:

for (SimageRow = SRow: SlmageRow < SRowExtent: SimageRow++)
{ .
/* Reset the destination Column count every row */
DestCol = DCol; . .
for (SimageCol = SCol: SimageCol < SColExtent: SimageCol + +)
{
/* Get a byte of the source and dest image data */
SData = GetPixe]Fromimage(Simage.SImageCol.SlmageRow):
DData = GetPixeiFromImage(DImage.DestCol.DRow):

/* Combine source and dest data according to parameter */
switch(CombineType) '
{
case And:
DData &= SData:
break;
case Or:
DData | = SData:
break:
. case Xor:
DData “= SData:
break;
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it (! returﬁa%eﬁed) return3. down(); : got OPEQm&non-;
} el se return3. up(); If (which =="¢")

if (! nmut e2 pressed) nmut e2. downQ, el se nmute2. up(); i f
(which = 'S') Page_3 flag = FALSE: %oto pgmterm nate; Page 4: [/
this is the nanmet ags typ| ng page. B
setfillstyl e(l NTERE Fl DARKGRAY) :

bar 3d( 0, 0, get maxx(), maxy '}‘ 0.0): i nd_id3.up(): vi deo
screen. up(); case Sub: Vi deo nessagel . down(): frame_canB. up();
cam preset3.up();  DDaa-=SbD@t@ane tags2.down(); voi ce tags2.up();
aut of ol I ow3. up(); bmk return3. up(); mut e2. up();

keyboard. up(); "pl ng_done. up(): Page 4 flag=TRUE, while
(Page_4 fl ag) m:k" iy rary keypad substitute for the touch screen.

case Div:
if (SData != 0)
DData /= SData;
break;
case Min:
DData = MIN(SData.DData);
break;
case Max:
DData = MAX(SData DData);
break;
case Ave:
DData = (SData+DData)/2;
break;
case Overlay:
DData = SData;
. break;
}
l.
Scale the resultant data if requested to. A positive
Scale value shifts the destination data to the right
thereby dividing it by a power of two. A zero Scale
value leaves the data untouched. A negative Scale
value shifts the data left thereby multiplying it by
a power of two. : '
. % I

if (Scale < 0)"

DData < < = abs(Scale):
else if (Scale > 0)

DData > > = Scale:

/* Don't let the pixel data gét out of range */
DData = (DData < MINSAMPLEVAL) ? MINSAMPLEVAL:DData:
DData = (DData > MAXSAMPLEVAL) ? MAXSAMPLEVAL:DData:
PutPixelInimage(DImage.DestCol + + .DRow.DData);

}

/* Bump to next row in the destination image */

DRow++;
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whi ch = getch(); if (which = ="'7") iy

l'typin [
S/\D gg/ Z%I%;Mi.ﬂssed) t ypi ng_done.ldownO, PCTICAISOOT2Z 3;
PCT/ CA95/ 00727_ .. 42
el se typi ng_done. up(); rf gg/\,hlch =="'b") i f
(!retug nf,”.. ...%§.S.9.QJ..I.Q.LLLL113..£LQM.(.).., .goto Page_3;
el se retyr o if (Which = ="¢c")" i
(I rrut e2. p.rem m&mﬁﬂmgo-, el se mut e2. upG, i f (which
' S') rPog@méhicd Frat@siipFuselions &0t O pgmtermnate: Page_ 5: this is
t he nametagswien niTago f20e.  */ - :
/ /
/* Misc user defined types */

typedef enum {HorizMirror, VertMirror} MirrorType:

/* Geometric processes function prototypes */
void Scaleimage(BYTE huge *Inimage, unsigned SCol. unsigned SRow,
unsigned SWidth, unsigned SHeight,
double ScaleH. double ScaleV,
BYTE huge *Outimage, .
unsigned DCol. unsigned DRow,
unsigned Interpolate);

void Sizeimage(BYTE huge *Inimage. unsigned SCol. unsigned SRow.
unsigned SWidth. unsigned SHeight,
BYTE huge *Outimage,
‘unsigned DCol. unsigned DRow.
. unsigned DWidth. unsigned DHeight,
unsigned Interpolate);

void Rotateimage(BYTE huge *Inimage, uns:gned Col. unsigned Row.
unsigned Width. unsigned Height, double Angle,
BYTE huge *Outlmage. unsigned Interpolate);

vold TranslateImage(BYTE huge *InIlmage.
unsigned SCol, unsigned SRow,
unsigned SWidth. unsigned SHeight,
BYTE huge *Outimage,
unsigned DCol. unsigned DRow, -
unsigned EraseFlag);

void Mirrorimage(BYTE huge *Inlmage.
unsigned SCol. unsigned SRow.
" unsigned SWidth. unsigned SHeight,
enum MirrorType WhichMirror,
BYTE huge *Outlmage.
unsigned DCol. unsigned DRow);
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setfill st yﬁ;@ EAVE FI LL. DARKGRAY) : . _ _ PCT/CA95/00727

bar3d(0, 0 ) getmaxy(),0,0); - I nd_id3.up();
vi deo_screen. up() vi deo_nessagel . downQ, frame_canB. up();
cam preset 3. up(); nane_t ags2. down(); . voice_tags2.up();
aut of ol | ow3, up(): return3. up(?’ nut e2. up();
witting _Dace oc wriling_ done. up(): Rage_5 flag =TRUE:
whi |l e (Pa f ? Code te;rrporary keypad substitute for the touch
screen. Functions # If (which =="7") : i f
('typi ng_d-onewﬁt{eeﬁsﬁdactzypl ng_done. down() ; goto Page_3:
eI se typi mydurreseaprtyersees Af (which = ="b") _

('return3. pressed) ret ur n3. downO; goto Page_ 3:

eI se retur“'l:ig""lde Qx:’:;;

#include <dos.h>
#include <alloc.h>

. #include <process.h>
#include <math.h>
#include < graphics.h>
#include "misc.h*
#include "pcx.h"
#include "vga.h"
#include "imagesup.h”

void Scaieimage(BYTE huge *Inimage. unsigned SCol. unsigned SRow,
unsigned SWidth. unsigned SHeight,
double ScaleH. double ScaleV,
BYTE huge *Outimage,
unsigned DCol, unsigned DRow.
* unsigned Interpolate)

unsignéd DestWidth. DestHeight;

unsigned PtA, PtB, PtC, PtD, PixelValue;

register unsigned SPixelColNum. SPixelRowNum, DestCol. DestRow:
double SPixelColAddr, SPixelRowAddr;

double ColDeita. RowDelta; :

double ContribFromAandB. ContribFromCandD:

DestWidth = ScaleH * SWidth + 0.5;
. DestHeight = ScaleV * SHeight+ 0.5;

if (ParamcterCheckOK(SCol.SRow.SCol+SWidth.SRow+S§ieighx."$calelmage") &&

ParameterCheckOK(DCol.DRow.DCol +DestWidth.DRow + DestHeight. "Scaleimage "))
{

/* Calculations from destination perspective */

for (DestRow ‘= 0: DestRow < DestHeight: DestRow+ +)

{ _
' SPixelRowAddr = DestRow/ScaleV:
SPixeiRowNum = (unsigned) SPixelRowAddr:
RowDelta = SPixelRowAddr - SPixelRowNum;
SPixelRowNum + = SRow:

for (DestCol = 0: DestCol < DestWidth: DestCol+ +)
{ - '
SPixelColAddr = DestCol/ScaleH:
SPixeiColNum = (unsigned) SPixelColAddr:
ColDelta = SPixelColAddr - SPixelColNum;
SPixelColNum + = SCol;

if (Interpolate)
{

It
SPlxelColNum and SPlxclRowNum now contain the pixel
coordinates of the upper left pixel of the targetted
pixel’s (point X) neighborhood. This is point A below:
A B : :
X
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WD 96/ 21171

PCT/ CA95/ %79%51171

i f (whic
el se rrute2 up():

}

. PCT/CA95/0072% 3
i f (! mut e2. pressed) nute2. down():

if (which = 'S') Page_5_flag=FALSE: goto

pgmternnate: Page_6: // this is the connections dialing and directory
mai nt enance page. setfl I I st5¢| e( | NTERLEAVE_FI LL. DARKGRAY) ;
bar 3d(0, 0, get maxx() get nfixy(D, 0, di al _connect s6. up();

di rectory®6. up()
down6. up();

We must

del ete_entry6. up
GetpomtAbriihﬁLuEQ@ﬁ@lvﬂ\ﬁﬁ:)w:ﬂnnme hang_up6. up():

line_26.up();
return3. up();
(Page_6_fl ag)

}

else .
PixelValue =GetPixelFromImage(Inimage.SPixelColNum.SPixelRowNum):

input image aréXLICHeck

G’"“m“%‘ﬂ‘r | _up6. up(); scrol |

“EA' 519 3 '&‘fﬁ;g?“m‘p”“'%ﬂwent_rya up();
manual _di al i ng6. up(): line_16. up();

.tk sure the other points frege_6_ f| ag= TRUE whi | e

within also. If so use their values for the calculations.
If not. set them all equal to point A’s value. This induces

*/

an error but only at the edges on an image.

PtA = GetPixelFronﬂmge(lnlmage.SPixeiCoINum.SPixelRowNmn):
if (((SPixelColNum+1) < MAXCOLS) && ((SPixelRowNum+1) < MAXROWS))

PtB = GetPixelFromimage(Inimage.SPixelColNum-+ 1.SPixelRowNum);
PtC = GetPixelFromimage(Inimage,SPixelColNum.SPixelRowNum+1).
PiD = GetPixelFromimage(inimage,SPixelColNum + 1.SPixelRowNum+ 1);

/* All points have equal bnghtness *

/t

PB=PiIC=PtD=

lmerpolale to find brightness contribution of each plxel

in neighborhood. Done in both the horizontal and vertical

directions.
%/

ContribFromAandB = ColDelta*((double)PtB - PtA) + PtA:
ContribFromCandD = ColDelta*((double)PtD - PtC) + PtC;
PixelValue = 0.5 + ContribFromAandB +

(ContribFromCandD - ContribFromAandB)*RowDelta;

/* Put the pixel into the destination buffer */

PuthxellnImage(Outlmane DestCol + DCol.DestRow +DRow.Pixel Value):

void Sizelmage(BYTE huge *InImage. unsigned SCol. unsigned SRow.
unsigned SWidth. unsigned SHeight,

BYTE huge *Outimage,

unsigned DCol. unsigned DRow.

unsigned DWidth. unsigned DHeight,

unsigned Interpolate)

double HScale, VScale:

/* Check for parameters out of range */

if (ParameterCheckOK(SCol.SRow.SCol +SWidth.SRow+SHeight. "Sizelmage”) &&
ParameterCheckOK(DCol.DRow.DCol +DWidth, DRow + DHeight, "Sizelmage"))

{

"

Calculate horizontal and vertical scaie factors requlred
to fit specified portion of input image into specified portion
of output image.

*f
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{ 11 twmmru keypad substitute for the touch screen. WRCTICA9SHOT2ZN( ) ;
if (which = ="Db") { I f (!'return3. pressed)
return3. down(): : goto Page 2; }

el se return3. up(): i f (WhICh ') ' _ i f

E' mut ﬁz pressed) mut €2, down(! _ el se mute2.up(); if
whi ch'= = 2 % " goto pgmterm nate: pgmterm nate:
VScal¢ 7 ( ie) 3 . -
get chQ .

PCT/ CA95/ 00Z 2 Scatelmage to do the actual work */ a4 |/

this is thesqtifige@inpaStsRsRe®.sWiddl.SHEigIgHSGale VEcale,
Outimage,DCol.DRow. Interpolate);
}

}

void Rotatelmage(BYTE huge *Inlmage, unsigned Col, unsigned Row,
unsigned Width. unsigned Height. double Angle,
BYTE huge *Outimage. unsigned Imerpolate)

register unsxgned ImageCol lmageRow

unsigned CenterCol, CenterRow, SPixelColNum. SPixelRowNum;
unsigned ColExtent. RowExtent. PixelValue:

unsigned PtA, PtB, PtC. PtD;

double DPixelRelativeColNum, DPxxechlatweRowNum.
double CosAngle, SinAngle, SPlxelCoIAddr SPixelRowAddr:
double ColDelta. RowDeita; :

double ContribFromAandB. ContribFromCandD;

if (ParameterCheckOK(Col.Row.Col + Width.Row + Height. "Rotatelmage*))

1* Angle must be in 0..359.9 */
while (Angle > = 360.0)
Angle -= 360.0;

7* Convert angle from deérees 10 radians */
Angle *= ((double) 3.1415%/(double) 180.0);

/* Calculate angle values for rotation */
CosAngie = cos(Angle);
SinAngle = sin(Angle).

1* Center of rotation */
CenterCol = Col + Width/2:
CenterRow = Row + Height/2:

ColExtent = Col + Width:
RowExtent = Row + Height:

’l

All calculations are perfonned from the desnnmon image

perspective. Absolute pixel values must be converted into

inches of display distance to keep the aspect value

correct when image is rotated. After rotation. the calculated
_ display distance is converted back to real pixel values.

*/

for (ImageRow = Row: lihagekow < RowExtent: imageRow + +)

DPixelRelativeRowNum = (double)imageRow - CenterRow:
/* Convert row value to dispiay distance from image center */
DPlxelRelauveRowNum == L RINCHESPERPIXELVERT:

for (imageCol = Col: ImageCol < ColExtent ImageCol++)
{ : _
DPixelRelativeColNum = (double)lmageCol - CenterCol:

/* Convert col value to display distance from image center */
DPixelRelativeColNum *= LRINCHESPERPIXELHORIZ;
,l

Calculate source pixel address from destination
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WD 96/ 21171

PCT/ CA95/ &%79%721"1

ARPROCES.

PCT/CA95/40927 | *

*/ /* Image Processing Header File */ [* Ar ea

Processi ng Functions */ [* witten in Turbo C 2.0 */ /* Area Process

Function Prototypes */ ConpletionCode
unsi gned Col . unsi gned Row.
unsi gned Hei ght .pixels position.

Ker nel Col s.
Scal e.

*Qut | mageBuf PUT )spixerkid/RBr & bR RSk ed3MNN

SPix_eIColAddr = DPixelRelativeColNum*Co

~ short
I gned Ker nel Rows. unsi gned

épnvolution(BYTE huge *I nl mage,

unsi gned W dt h.
*Ker nel . unsi gned

DPixelRelativeRoWRam*SilkrigleADSOl Ut e.  BYTE huge ~*

unsi gned Col . unsigned ROVDPixelRelativeRowNum*CosAngie;

unsi gned Hei ght,

Ker nel Col s.
Scal e.

Col . unsi gned ROWegnven disptay distance to pixel location */

Hei ght,

Nei ghbor hoodRowsspixelColAddr + = CenterCol:

lt

€axgd-ut i on( BYTE huge *Inl nage

unsi gned W dt h.

_ double *Ker nel . unsi gned
_ Convert frox_ncoordinatesrelati:veto imageunsi gﬁgzl %ng| l}jfrenelss-?-\é\shuggsign(:"d
*CUtInageBufFTr)zm“Eﬁhﬁ?é¥@8ﬁfSH@mﬁbdianFiIter(BYTE huge *1nlnage. unsigned

unsi gned Wdth. unsigned

SPixeiColAddr *= LRPIXELSPERINCHHURIZjned Nei ghbor hoodCol s. unsigned"

BYTE huge *

*Qut | nageBuf Pt r )SPixelRwadlirett=i LRRSEHSPE IVERG e Det ( BYTE h N
unsi gned Col . urﬁ?i‘émdﬂmcmﬂkw:m ( uge *Inl mage.

unsi gned Hei ght.
Overl ay,

unsi gned W dt h.

SPixelCoINum=(unsigned)SPixelColAd.§¥T ~unsigned Threshol d. unsigned

SPixelRowNum = (unsigned) SPixelRowA!

ColDelta = SPixelColAddr - SPixelColNum:
RowDelta = SPixelRowAddr - SPixeiIRowNum;

if

ﬁmemolate)

I . '
SPixelColNum and SPixeiRowNum now contain the pixel

. coordinates of the upper left pixel of the targetted

pixel's (point X) neighborhood. This is point A below:
A B

X
cC D _

‘We must retrieve the brightness level of each of the

four pixels to calculate the vaiue of the pixel put into

the destination image. :

Get point A brightness as it will always lie within the
input image area. Check to make sure the other points are
within aiso. If so use their values for the calculations.

If not. set them all equal to point A's value. This induces
an error but only at the edges on an image.

*/

';E huge * *Qut | mageBuf Ptr); -

PtA = _GetPixelFromlmage(lnlmage.SPixelColNum.SPixelRowNum):
if (((SPixelColNum+ 1) < MAXCOLS) && ((SPixelRowNum+1) < MAXROWS))

PtB = GetPixelFromimage(Inimage.SPixelColNum+ 1.SPixelRowNum):
PC = GetPixelFromimage(Inimage.SPixelColNum.SPixelRowNum +1);

/= All p(;ints have equal brightness */
PiB=PiC=PID=P1A;

}

It

Interpolate to find brightness contribution of each pixel
in neighborhood. Done in both the horizontal and vertical
directions.

L l X

ContribFromAandB = ColDeita*((double)PiB - PtA) + PtA;
ContribFromCandD = ColDelta*((double)PtD - PIC) + P1C:

PixelValue = 0.5 + ContribFromAandB +

PD = GerPixelFromimage(Inimage. SPixelColNum- 1.SPixelRowNum+1):

(ContribFromCandD - ContribFromAandB)*RowDelta;
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/******************************************/ /* ARPRCI:ESC

[ ]* | mage Processi ng Code */ [* Area Processing Functions */
[ * witten in Turbo Cc20 - */ 6l

/**************** *************************/

#i ncl ude <stdi o. h> #i ncl ude

<stdlib. h> # ncld ?el\&ﬁ?%@xﬁ@mﬁh%l SPERGINGG seiditbehttgle <al | oc. h>

#i ncl ude <process. . #include <mat h. h> #i nclude <graphics. h> #incl ude
"msc.h" " #include Pl pixd into iéidnaratitleutferga. " #i ncl ude "i magesup. h"

#i ncl ude "ar pr ocehePisalinimage(Ovtimage JraageColimpasRawt. RixsiYalBeknct i on Conpl et i onCode
Convol uti on(BYTH huge *Inlnmage. unsigned Col. unsigned Row, :
unsi gned W dtth. unsi gned Hei ght, short

Ker nel . un§igned Ker nel Col s. . : '

,t

Caution: images must not overlap

*/

void Translatelmage(BYTE huge *Inlmage,
unsigned SCol. unsigned SRow
unsigned SWidth. unsigned SHeight,
BYTE huge *Outimage,
unsigned DCol. unsigned DRow,
unsigned EraseFlag)

register unsigned SImageCol. SImageRow. DestCol:
unsigned SColExtent. SRowExtent; v

/* Check for parameters out of range */
if (ParameterCheckOK(SCol.SRow.SCol +SW|dth SRow +SHe|ght “Translateimage”) &&
ParameterCheckOK(DCol.DRow.DCol + SWidth.DRow + SHeight, "Translatelmage"))

SColExtent = SCol +SWidth;
SRowExtent = SRow +SHeight:

for (SimageRow = SRow; SlmageRow < SRowExtent; SimageRow++)
{ _ _
/* Reset the destination Column count every row */

DestCol = DCol:

for (SimageCol = SCol: SImageCol < SColExlent SImageCol++)

/* Transfer byte of the image data between buffers */
PutPixellnimage(Outimage, DestCol + + .DRow.
GetPixeiFromimage(Inimage.SImageCol.SImageRow)):
} - T
/* Bump to next row in the destination lmage */
DRow++; .
}
/* If erasure specified, blot out original image */
if (EraseFlag)
ClearimageArea(inimage.SCol.SRow.SWidth.SHeight. BLACK):
}

}

void Mirrorimage(BYTE huge *Inimage,

unsigned SCol. unsigned SRow.
unsigned SWidth. unsigned SHeight,
enum MirrorType WhichMirror.
BYTE huge *Outimage,

unsigned DCol. unsigned DRow)

register unsigned SImageCol. SimageRow. DestCol;
unsigned SColExtent. SRowExtent;

/* Check for parameters out of range */
if (ParameterCheckOK(SCol.SRow.SCol +SWidth.SRow +SHexght "Mirrorimage") &&

 SUBSTITUTE SHEET (RULE 26)



unsi gned Kernel Rows. unsigned Scal e. : unsi gned
“Absol ut e.wg¥émyge * QutlmageBuf Ptr) { regi ster unsi grecr/CadspoTzNt .
RowExt ent : regi ster unsigned | mageCol. | nmageRow. KernCol. KernRow:

unsi gned Col O fset. RowOrfset. TenpCol. TenpRow. BYTE huge

Qut put | mageBuf f er: | ong Sum short *Ker nel Ptr | f

P t er Check OK( Co + | ution"
/= mge ?rfns@rc&fck?@agewmvgm 'gﬁgowgﬂ?ﬂ%% RO (watn > =

Ker nel Ool ANcorzswidher nel Rows) { /* allocate far

menory buffg{w ,Qgﬁmlsm,gmge o - Qut put | mageBuffer = (BYTE huge
* farcal | oc( RASTERSI ZE. (unsi gned

| ong) si zeof(m\ﬂ)lqm:rror) i f (OJ'[ put | mageBuffer = = NULL)

{ restorecrt m)deO pri ntf(Error Not enough nenory:

for convol utloFP'D"g:gﬁ'f”'buf er\ (ENoNErmry)
}  for ROY FRRY'S ‘l"Jt<psuRt°WExrtfﬁ'g§ahﬁdﬁv

*Qut | mageBuf Ptr W%Wﬁétﬂﬂ@&m%ummw row* ' Cearing the
out put buffer touamaienuoi.l.swiaﬁw t he . boar der areas not touched

‘by the convol ut i @ (SihigeGal €SCol: Simagd¥D © SCAExient] SimageCol++)
PCT/ CA95/ 00727 {
I* Transfer byte of the image data between buffers */
PutPixelInmage(Qutimage.--DestCol.DRow,
GetPixelFromimage(Inimage SIlmageCol.SImageRow)):

{* Bump to next row in the destination lmage *f
DRow+ +;
}
break: X
case VertMirror: ' ) .
DRow + = (SHeight-1): R .
for (SimageRow = SRow: SlmageRow < SRowExtent SimageRow++)

/* Reset the destination Column count every row */-
DestCol = DCol: :
for (SImageCol = SCol: SimageCol < SColExtent: SimageCol ++)

/* Transfer byte of the image data between buffers */
PutPixelInmage(Outimage,DestCol+ + ,DRow,
GetanelFromlmage(lldmage SimageCol.SimageRow));
}
/* Bump 1o next row in the destination image */
DRow--;

}
break:

SUBSTITUTE SHEET (RULE26)



47

wopayirdes a nice white frane for the out put

Cl ear | mageAr ea( Qut put | mageBuf f er. M NCOLNUM M NROANUM

MAXCOLS, MAXROWS, WHI TE) ;

RowO‘fset = Ker nel Rows/ 2; /* Conpensate for edge effects */

C5l + = Col Off set Row + = RoW®f f set ; Wdth - =

(Kernel Col§ 1)mmEs I—bl_ Rtoo ! = (Kernel Rows - 1); /*

Cal cul ate pewg Hegﬂe?(ﬁles tp act upon */ ' Col Extent = Col +

W dt h: I* Im,g, Ve . Hei ght ; for (InmgeRow = Row

| mmgeRow <= RowﬁmneﬁrturboldmgeRw\H +) TenpRow = | mageRow -

Row(xX f set ; jessnes Fre={=trrerge®at = Col : | mageCol < .Col Extent: | mageCol +

+) ' TerrpCoI = I mageCol - Col O fset: _

Sum k(gr nel ; for (KernCol = 0O;
allo e : - N

ﬁerngol :%Ef‘ﬁ%tgfgfkt}{g ofm " Throughout | fgr (Ker:nRow = 0;

er nRow ?ﬁ, Viffage'id assumed. If the um +

( Get Pi xel F,esgm koadssa®giures change. the equates TenpCol +Ker nCol .

TenmpRow+KemMARTOLS afd MAXROWS must change accordingly.

| MAgEePCT/CA95/00727

Col O f set = Kernel Col s/ 2;

(*Kernel Ptr+ +));

[* 1 f absoVute value is requested [ I f (Absolute)

Sum = labsgpxeﬂmplelnf /* Summation performed. Scal e and range
1 Eq.l_lﬂ.l

Sunt/. #define MAXS % f|6 8|t59|)0m §x%€'|uux¢ ¥/

#define MINSAMPLEVAL 0 /* Min sample value = 0 */

/* Max num of samplie values */

#define MAXQUANTLEVELS (1 < <MAXSAMPLEBITS)
/* Max sampie value = 63 */

#define MAXSAMPLEVAL (MAXQUANTLEVELS-1)

/* Image Resolution Equates */ . .
#define MINCOLNUM 0 /* Column 0 */

_ #define MAXCOLS  LRMAXCOLS /* 320 total columns */

#define MAXCOLNUM (MAXCOLS-1) /* Last column is 319 */
#define MINROWNUM 0 /* Row O %/

#define MAXROWS LRMAXROWS /* 200 total rows */
#de{ine MAXROWNUM (MAXROWS-1) /* Last row is 199 */

#define RASTERSIZE ((long)MAXCOLS * MAXROWS)
#define MAXNUMGRAYCOLORS MAXQUANTLEVELS

_I* histogram equates */ '

#define HISTOCOL 0
#define HISTOROW 0
#define HISTOWIDTH 134
#define HISTOHEIGHT 84

#define BLACK- -0
#define WHITE -~ 63

#define AXISCOL (HISTOCOL +3)

#define AXISROW (HISTOROW +HISTOHEIGHT-5)

#define AXISLENGTH MAXQUANTLEVELS*2-1

#define DATACOL AXISCOL

#define DATAROW AXISROW-1

#define MAXDEFLECTION (HISTOHEIGHT-10)

/* External Function Declarations and Prototypes */

void Copylmage(BYTE huge *SourceBuf. BYTE huge *DestBuf):

BYTE GetPixelFromimage(BYTE huge *Image. unsigned Col. unsigned Row);

CompietionCode PutPixelinimage(BYTE huge *Image, unsigned Col.
unsigned Row. unsigned Color):

CompletionCode DrawHLine(BYTE huge *Image. unsigned Col. unsigned Row,
unsigned Length, unsigned Color);
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Sum = (Sum < M NSAVPLEVAL) ? M NSAMPLEVAL: Sum Sum = (Sum >

MAXSAVPL Rup\pgr237IVAXSAMPLEVAL : Sum PCT/CA95/00727
Put Pi xel I nl mage( Qut puti mageBuf f er. i nageCol . i nageRow. ( BYTE) Sum):
} .. el se return( EKer nel Si ze) : } return(NoError); } /* Real

Nunber Convol ution Function. This con&ol ution function is only used when
the kernel entries are f| in %iu%ng %%neldﬁ .ead of integers. Because
of the fFWH‘%%BPHY“Wﬁh'ﬁEQ’fmg ¥&g, ths function is substantially

sl ower than the already STOwW T éger version above. Conpl et i onCode

Real Conv glidilel aihedAYel Tonli (BETE tuftl *Hage uosigned Col. unsigned Row, unsi gned
Col . unsi gned Row, unsigned Width, unsigned Height, unsi gned Wdth, unsigned
Hei ght . BYTE huge *Buffer); doubl e *Kernel, unsigned Kernel Col s.
WD 96/ 21171 C .
PCT/ CAQ5 yaisjWrjtgimageAreaFromBuf (BYTE huge *Buffer. m\l’s';‘gEn;d Buf\:lnli:m. ; 48

i i * e' .
unsi gned Ker nel Rows, unsi %:E‘gm g&'&igmﬁgemi)i ' ~ unsi gned
Absol ute. BYTE huge * *Qu geBuf Ptr) regi ster unsi gned Col Extent.

ROWEXt €N{gid CleafifsbkArb2AYTE Mide 9Miagt.uhsippg@@alonsigiedBye Row.  Ker nCol . Ker nRow;
unsi gned Col O f set . nsiyded Wit unsighediieighl. . TenpRow,
: unsigned PixelValue);

CompletionCode ParameterCheckOK(unsigned Col. unsigned Row,

unsigned ColExtent. unsigned RowExtent,
char *ErrorStr);
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BYTE huge ¢ Wil mageBuffer: - double Sum  doubl e *Ker nel Perica9snoial

(Par anet er Chec Col . Row. Col +W dt h. Row+Hei ght , " Convol uti on")) [* .
| mage nust be at |east the sanme size as the kernel */ if (Wdth > =
Kernel Col s && Hei ght > = Ker nel Rows) /* allocate far nenory
baof fer for output inmage */ “Quéput | mageBuf fer - (BYTE huge *)
farcall OC(WERST"ZE‘.'EHRT'ME‘G"F'GTTQ’) si zeof (BYTE) ) : i f
(Qut put | nﬁ'quufMG_ SUEC Ny L) . { restorecrtnode();
printf("Er B‘F”WNQO'EYQ‘?O y 'for convol ution output buffer\n");
return (EKDNP%”?'E' . ledseSt Or e address of output inmage buffer */.
*Qut i nageéuf Ptr =.Qutputi mageBuffer; ' Cl earing the output buffer
to white Windidde Klagiombhe boarder areas not touched by the
convol ut i @includé K pabessch> - provides a nice white frane for the out put
| mage. #include <conio/h> :
d ear i mag&pgws et 3ut i mageBuf f er . M NCOLNUM M NROWNUM
MAXCOLS. AREETE) - Col Of fset = Ker nel Col s/ 2:
RowCY f set CiohpHRONS/ 20 /* Conpensate for edge effects */
Col + = S#dc.h Row + = RowX f set ; Wdth - =
( Ker nel Cokisciude 9pkx.h" : Hei ght -= (Kernel Rows - 1); '

" #include "vga.h”

#include "imagesup.h”

extern struct PCX_File PCXData:
extern unsigned ImageWidth:
extern unsigned ImageHeight:

,t
Image Processing Support Functions - See text for details.
*/

,O ' .
Copy a complete image from source buffer to destination buffer
*/

void Copyimage(BYTE huge *SourceBuf, BYTE huge *DestBuf)

movedau(FP_SEG(SourceBﬁt).FP__OFF(SourceBuﬂ.
FP_SEG(DestBuf).FP_OFF(DestBuf).
(unsigned) RASTERSIZE):_

’l

NOTE: to index into the image memory like an array. the index
value must be a long variable type. NOT just cast to long.

‘/ .

BYTE GetPixelFromimage(BYTE huge *Image. unsigned Col. unsigned Row)

{
unsigned long PixelBufOffset;

if((Col < ImageWidth) && (Row < ImageHeight))

PixelBufOffset = Row: - /* done 1o prevent overflow */
PixelBufOffset *= ImageWidth:

PixelBufOffser + = Col;

return{image[PixelBufOffset]):

}
printf("GetPixelFromimage Error: Coordinate out of range\n");
printf(" Col = %d. Row = %d\n",Col.Row);
remurn(FALSE): :

}

CompletionCode PutPixellnimage(BYTE huge *Image. unsigned Col,
unsigned Row. unsigned Color)
{
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/* Cal cul ate new range of pixels to act upon */ Col Extent = Col +

W dt h: wo9e21171FOVWEXt ent = Row + Hei ght: _ for (PCXEASHOT27 Row.
| mageRow < Rowkxt ent: | nmageRow++) TenpRow = | nageRow =

RowCOr f set : . for (I mageCol = Col: ImgeCol < Col Extent: | mageCol
+ +) TenpCol = | mageCol - Col O fset; ' Sum =
0.0; . Kernel Ptr = Ker nel%6 . for (KernCol - O:
Ker nCol < udsignerdeng BixefBufQefset Co| ++) . for (KernRow = O:

Ker nRow < Ker nel Rows.: I QROWH+ . Sum +°

( Get Pi xel P ﬁ%&éﬁ%ﬁ’%g@?ﬁwﬂggeuﬂm» S TenmpCol +Ker nCol .
TenpRow+KeY sRaiokset = RowYVO 96/+2idnk olprevent overflow */

.PCT/ CA95/ O0pixeiBBufOffset *= ImageWidth; ' 49

(* Ker nel Pt r HixefBujOffset + = Col; /* 1f absolute value is requested */

i f - (Absol ut pipge{PixelBufOffset] = Color: Sum = f abs(Sum; ' | *

Summat i on ;DEPT“GF‘HEH Scal e and range Sum */ . Sum/ = (double)(1
< < Scal e)? Sum = (Sum <. M NSAMPLEVAL) ? M NSAMPLEVAL: Sum

sum = (Surrng MAXSAMPLEVAL) ? MAXSAMPLEVAL: Sum

Put Pi xel | nl pragefiilefiihde s B bR Bobriifike. ot gmeat): | mageRow, ( BYTE) Sunj ! -}
. printf(" Col = %d Row = %d\n".Col.Row); .
reurn(FALSE);

}
}

,‘

NOTE: A length of 0 is one pixel on. A length of 1 is two pixels
on. That is why length is incremented before being used.

s/ .

CompletionCode DrawHLine(BYTE huge *Image. unsigned Col. unsigned Row.
unsigned Length, unsigned Color_) _

if {(Col <'lmageWidth) && ((Col+Length) < = ImageWidth) &&
(Row < ImageHeight))

{ .
. Length++; , :
while(Length--) .
PutPixeilnimage(Image.Col + + .Row.Color);
rewurn(TRUE);
}

printf(*DrawHLine Error: Coordinate out of range\n™):
printf(" Col = %d Row = %d Length = %d\n".Col.Row.Length):
reurn(FALSE):

} .

}

CompletionCode DrawVLine(BYTE huge *Image. unsigned Col. unsigned Row.
unsigned Length, unsigned Color)

if ((Row < ImageHeight) && ((Row+Length) <= ImageHeight) &&
(Col < ImageWidth))
{ s

Length++;
while(Length--)
PutPixelInimage(Image,Col.Row + + .Color):
return(TRUE): .
}

printf("DrawVLine Error: Coordinate out of range\n”);
primf(® Col = %d Row = %d Length = %d\n".Col.Row. Length):
return(FALSE): .
}
}

void ReadImageAreaToBuf (BYTE huge *Image, unsign-ed Col. unsigned Row,
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el se . ur n( EKer nel Si ze) ; return(NoError); } r/* cAdsRo9npar e
%H 1 . ! . ) 1 CT,
for use vmwt% lg‘}qsort library function call in the Median |I{er function.

i nt Byt eConpare(BYTE Entryl. BYTE *Entry2) if (*Entryl < *Entry2)
return(-1); el-se if (*Entryl > *Entry2) return(l); el se

return(O; } Conpl eti onCode Medi anFiél7t er (BYTE huge *Inl mage. unsi gned

Col . unsi gned Row. unsigned Width, unsigned Height, BYTE huge/tiuffagned W dt h, unsi gned
Height. { ) unsi gned Nei ghbor hoodCol s. unsi gned
Nei ghbor howeisesiens PixelBufOffset = OL: BYTE huge * *Qut ! mageBufPtr)
{ regi st&FESEYA IR EBHY. RowExtent;  register unsigned | mageCol .

| mageRow.. Ned OV Sltw: RO R B Beight; ipeo@Agl Col OF f set. Row(f fset.
TenmpCol . efgp(ﬁ%\%ec‘,acxwé PeaaX< c;;...umli otfqi) a?jPi xel s. Medi anl ndex; BYTE
huge *Qut put biflegi3iBufofet++] BYTE * Pi xel Val ues; i f

(Par anet e}r Chec k Oi¢tPeiFrdrdmag{irlage\NogeCol IRageRe¥0i ght . " Median Filter")) {

void WriteImageAreaFromBuf (BYTE huge *Buffer. unsigned BufWidth,
' unsigned BufHeight. BYTE huge *Image,
unsigned ImageCol. unsigned ImageRow)

unsigned long PixelBufOffset: '
register unsigned BufCol. BufRow. CurrentimageCol:

for (BufRow = 0; BufRow < BufHeight: BufRow + +)
{ .
CurrentimageCol = ImageCol:
for (BufCol = 0: BufCol < BufWidth: BufCol++)
{ - .
PixelBufOffset = (unsigned long)BufRow*BufWidth+BufCol:
PutPixellnimage(image, CurrentimageCol.ImageRow. Buffer[PixelBufOffset]); -
CurrentimageCol+ +; : o
ImageRow+ +;
}
}

void ClearimageArea(BYTE huge *Image.unsigned Col. unsigned Row.
unsigned Width. unsigned Height,
unsigned PixelValue)

{ .
“ register unsigned BufCol. BufRow:

for (BufRow = 0: BufRow < Height: BufRow + +)
for (BufCol = 0: BufCol < Width: BufCol+ +) _
PutPixeiInimage(image. BufCol + Col BufRow + Row.PixeiValue):

" .

This function checks to make sure the parameters passed to
the image processing functions are all within range. If so -
a TRUE is returned. If not. an error message is output and
the calling program is terminated. :
l/ . L

CompletionCode ParameterCheckOK(unsigned Col. unsigned Row,
unsigned ColExtent. unsigned RowExtent.
char *FunctionName)

{ . -

if ((Col > MAXCOLNUM) || (Row > MAXROWNUM) | |
" (ColExtemx > MAXCOLS) || (RowExtent > MAXROWS))

{ .
restorecrtmode();
printf("Parameter(s) out of range in function: %s\n".FunctionName):
printf(" Col = %d Row = %d ColExtent = %d RowExtent = %d\n".

Col, Row. ColExtent. RowExtent):
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/* 1 mage nust be at | east the sane size as the nei ghbor hood */ i f
(W dth >0 dgEditpor hoodCol s && Hei ght > = Nei ghbor hoodRows PCT/CASS/H00727
/* allocate far rrermry buf fer for output |mage */ '

Qut put | mageBuffer = (BYTE huge *)

farcal | oc( RASTERSI ZE. (unsi gned | ong) si zeof (BYTE)); i f

(Qut put | rageBuffer = = NULL) 68 [ WO 96/ 21171 ' .
PCT/ CA95/ Ocpixg!?BadPams) 50
restorecrtm)d printf(Error. Not enough nenory for nedian
filter oytf fer\n") _ . return (ENoMenory);

/* Store'address of output imge buffer */ - - *Qut |l mageBuf Ptr =
Qut put I mageBuf f er; /* Clearing the output buffer to
white will show the boar der  areas not touched by the medi an
filter. It also provides a nice white frame for the output inage.
Cl ear | mageAr ea( Qut put | mageBuf f er. M NCOLNUM M NROANUM

MAXCOLS. MAXROWS, WHI TE) ; /* Cal cul ate border pixel to mss */

Col O f set = Nei ghbor hoodCol s/ 2; . RowO f set = Nei ghbor hoodRows/ 2;
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/* Corrpen%gagﬁr-nedge effects */ - =~ Col + = Col O f sePCT/CA95/00727

Row + = RowO‘fset Wdth - = (NeighborhoodCols- 1);

Hei ght - = (Nei ghborhoodRovvs - 1); /* Cal cul ate new range of

pi xels to act upon */ Col Extent = 'Col + Wdth:

ROWEXt ent = Row + Hei ght: T al Pixel s =

( Nei ghborl’fﬁﬂdﬁﬂ‘?’ﬁé"b‘ﬁ THO00ROWs I Medi anl ndex =

(Nei ghbor hoodCo 'ﬁutaor hooéLRovvs)/Z ' /* allocate nmenory for

: rocessmg FE; ( ) %

pi xel buf er e xgl Val ues (BYTE *) _
cal | oc( Totaal B’m&;@tjned)ﬁl zeof (BYTE)): if (Pixel Values = =
NULL) / r=esxtsor ecrt node() : : printf("Error
Not enough rrermry for nedian filter pixel buffer\n"): ' return

( ENoMENDI yiern unsigned. HmogrammUA(NThﬁ w = Row. | mageRow < RowExtent:

| mgeRow + +) Imag Row - RowO‘fset for
(1 mageCol /*Fupsy = ?“Wﬁ j?f'i”a lfsmageCol + +) TenmpCol
= | nageCoI° Pi xel I ndex = O: for

(Ne| ghbor Gad pifraRiorn ST B Hog *fadbeDsta. Masigadaloor, hoodCol s:  Nei ghbor Col  + +)
f or (Nei ghbor Row = Ounsipded RpvbasigedWidthNei ghbor hoodRows: Nei ghborRow + +)

Pi xel Val ues[ Pi xel | ncnsignediHeight. BYTE *LookUpTable):
Get Pi xel From rrage( [ ery_l]EIhugegﬁmTe%r’r‘P lmsmnedl}!et‘ghbor Col .

TenpRow +Kei{ G118 Quick sort the .
bri ght ness vaI ues m"ﬂgmdkgiﬂf;{mﬁmoraier and then pick out the
medi an or m ddl e val ue as - that for the pixel.

void DisplayHist(BYTE huge *ImageData.unsigned Col,
unsigned Row. unsigned Width.
unsigned Height); '

/* Point transform functions */ -

void AdjimageBrightness(BYTE huge *ImageData. short BnghmessFactor
unsigned Col. unsigned Row,
unsigned Width, unsigned Height);

void Negatelmage(BYTE huge *ImageData. unsigned Threshold,
unsigned Col. unsigned Row,
unsigned Width, unsigned Height);

void ThresholdImage(BYTE huge *ImageData. unsigned Threshold,
unsigned Col. unsignéd Row,
unsigned Width. unsigned Height):

void StretchimageContrast(BYTE huge *ImageData. unsigned *HistoData.
unsigned Threshold.
- unsigned Col. unsigned Row.
unsigned Width, unsigned Height):
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gsort ( Pi xel Val ues. Tot al Pi xel s. si zeof (BYTE) . Byt eConpare):

; VO 9? 21171
PCT/ CA95M00 Q71171 PCTICAISIG127
Put Pi xel | nl mage( Qut put | nageBuf fer. | rrageCoI | mageRow,
Pi xel Val ues[ Medi anl ndex] ) ; } el se
return(EKernel Size): } free(Pixel VaJ"#Je /* give up the pixel value
buf f-er: */__._,_q;_u;_n‘(_prr () 40 T Y 5. Edge Detection Function */
Conpl et i de prioRESE9eDet GBYTE huge *I nl mage
unsi gned,@lmgmwow . _ . -~ unsi gned Wdt h.
unsi gned jHeipgiad Process Functions ~ */ : unsi gned Threshol d. unsi gned
Overl ay, /* wrineninTurboC2.0 = */ BYTE huge * Qut | nmageBuf Ptr) :
regi ster I'UTTS‘T'Q“E‘G"CIS\"EYF AT ROWE ent : regi ster unsigned I'mageCol
I mageRow un ned PtA PtB, PtC, PtD, PtE. PtF, PtG PtH Pd:
unsi gned gglgasAbove Li neAElI AveBel ow. Li neAEl MaxDif: unsi gned

Li neBEHA;;l Comioms1€BEHAveBel ow, Li neBEHVaxDi f: - unsigned
Li neCEGA \teoshbl neCEGAveBel ow, Li neCEGvxDi f; unsi ghed
Li ne DEFAwiadiae xaljochbneDEFAveBel ow. Li neDEFMaxDi f ; unsi gned MaxDi f:
#include <process.h> i
#include <graphics.h>
#include "misc.h”
#include “pex.h”
#include "vga.h”
#include "imagesup.h”

/* Histogram storage location */
unsigned Hismgr_am[MAXQUANTLEVELS]:

*
Look Up Tabie (LUT) Functions

Initialize the Look Up Table (LUT) for straight through .
mapping. If a point transform is performed on an initialized
LUT. output data will equal input data. This function is -
usually called in preparation for modification to a LUT.

*/

void InitializeLUT(BYTE *LookUpTable)
{

register unsigned Index:

for (Index = 0: Index < MAXQUANTLEVELS: Index+ +)
LookUpTable{Index] = Index: ]
}

It

This function performs a point transform on the portion of the
image specified by Col. Row, Width and Height. The actual
transform is contained in the Look Up Table who address

is passed as a parameter.

t’ .

void PtTransform(BYTE huge *ImageData. umlgned Col. unsigned Row,
unsigned Width, unsigned Height. BYTE *LookUpTable)
{

register unsigned ImageCol, ImageRow:
register unsigned ColExtent. RowExtent;

ColExtent = Col+ Width:
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BYTE hUge 4ymageBuf fer: I f (Paramet er CheckOK( Col , R@@rﬁgbsmﬁ-,
+W dt h, ROV\M%E "Sobel Edge Detector")) /* allocate far nmenory buffer

for output inage * Qut put | mageBuf fer = (BYTE huge *)
farcal | oc( RASTERSI ZE. (unsi gned | ong) si zeof (BYTE) ) ; i f
(Cutput| mageBuf fer = = NULL) Nestorecr unnde() ;

print f (" Er r RAVERRM =&awt ﬁﬂg“hem)ry for Sobel output buffer\n"):

return (ENo stenRSWESter? SIF out put i mage buffer */
kOK(Cél,Ro c
*Qutl mgeBu%ﬁﬁ H owExtent: lmageRo 39-?):3 ng the output buffer

C ear | mageAr ea tmsgtctm écar< kel -NBOVNUM
MAXCOLS. MAXROWNS Bhﬁiﬂﬁ)mmge(knagemﬁhﬁ?qeqoemnmfor edge effects of 3x3 p| xel
~ nei ghbor hood */ CodkUpTabie[GetPixel Fromfupge(ImageDaga. ImageCol YajtagtRaw)):=2 ; Hei ght - =2;
/* Cal cul dte new range of pixels to act upon */ VO 96/ 21171
PCT/ CA95/ OQ727 :
start of histogram functions

This function calculates the histogram of any portion of an image.
*

void GenHistogram(BYTE huge *ImageData, unsigned Col. unsigned Row,
unsigned Width, unsigned Height)
{

register unsigned ImageRow, ImageCol. RowExtent. ColExtem
register unsigned Index: .

I* clear the histogram array */
for (Index=0: Index < MAXQUANTLEVELS: Index+ +)
Histogram(Index] =

RowExtent = Row-+Height;
ColExtent = Col+ Width;

if (ParameterCheckOK(Col.Row,ColExtent. RowExtent."GenHistogram™))

/* calculate the histogram */
for (ImageRow = Row: ImageRow < RowExtent: ImageRow+ +)
for (ImageCol = Col: ImageCol < ColExtent; ImageCol+ +)
Histogram[GetPixelFromlmage(imageData.ImageCol.ImageRow)] += 1;

I.

This function calculates and displays the histogram of an image
or partial image. When called it assumes the VGA is already
in mode 13 hex.

*/

void DisplayHistBYTE huge *ImageData. unsigned Col. unsigned Row,
' unsigned Width. unsigned Height)
{

BYTE huge *Buffer: }
register unsigned Index. LmeLength XPos. YPos:
unsigned MaxRepeat:

/* Allocate enough memory 10 save image under histogram */
Buffer = (BYTE huge *) farcalloc((long)HISTOWlD’l'H‘HISTOHEIGHT sizeof(BYTE));

if (Buffer == NULL)

printf("No buffer memory\n®);
exittENoMemory); .

/* Save a copy of the image */

ReadImageAreaToBuf(imageData HISTOCOL. HISTOROW, HISTOWIDTH HISTOHEIGHT.
Buffer);
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52 Col Extent = Col + Wdth: RowExt ent - Row + Hei ght; for

(1 mageRowwa obi#r71 | mageRow < RowExtent: | nmageRow + + ) PCT/CAPSROTRR g e Col

= Col; ImageCol < Col Extent: | mageCol + +) { /* Get each

pi xel in 3x3 nei ghbor hood */ PtA =

Get Pi xel From mage( | nl mage. | mageCol -1, byrageRow- 1 ) © PtB =

CGet Pi xel From mage( | nl mage. | mageCol , I nageRow 1): Pt

Get Pi xel From mage( | nl mage. | nageCol + 1.1 nageRow1);

Cet Pi-xel Frjom mage( | nl mage. | mrageCol -1 . | mageRow ) ; PtE =

- Cet Pi xel Freartoragiof regikersiye rell. /68 gael and §7nmgeRow) ; PtF =
Get Pi xel Fronersaviechis(opramh ran fevisustip grpamasd from 1 | npgeRow) ; _ "PtG

Get Pi xel Friuprepriinnges(ianpnim#gtge. | nageCol - |, | nageRow+1) ; _ - PtH

' Pt |

Get Pi xel Fr'ém mage( | nl mage. | mageCol , | nageRow + 1) ;

Get Pi xel From mage( | nl mage. | mageCol +l . | mrageRow+l ) ; /
Cal cul at e @uenafE@Eoy.e: and bel ow the Iine. : Take the absolute
val ue of t%ﬁbﬁmgm@; *[ - Li neAEl AveBel ow =

( Pt D+Pt G+PietACoiGrReg(67.0.0,63); Li neAEl AveAbove: = (Pt B+Pt C+Pt F)/ 3;

Li neAEl MaxDi f = abs(Li neAEl AveBeII ow- Li neAEl AveAbove);

Li ne BEHAv &/BElgpase the hisip W S Li neBEHAveAbove =
(Pt G+Pt F+Pfopyipagram( SR o Bl oo
abs(Li neB L@w Li neBEHAveAbove) ; Li neCEGAveBel ow =
(PtF+PtH+PLT) /'3; Li neCEGAveAbove = (Pt A+Pt B+Pt D)/ 3:
Li neCEGVax®i f = abs(Li neCEGAveBel ow Li neCEGAveAbove); = -
Li ne DEFAv &ifws]tipixel vigeirédedmeg piie most. iy will be used for Li neDEFAveAbove =
( Pt A+Pt B+Peding- 3: Li neDEFMaxDi f =
abs(Li neDELAYBeh Gl LNERRANGIRR Dindexe 1)/
.- " MaxRepeat. = (Histogram{Index] > Maxkepea_t) ?
Histogram{Index):MaxRepeat:

/* Fill background area of histogram graph */ s
ClurlmageArea(lmageData.HISTOC_OL.HIS’I'OROW.mSTOWIDTH.HISTOHEIGHT.67):

/* Draw the bounding box for the histogram */

DrawVLine(hnageData.HISTOCOL.I-IIS’l‘OROW.HISTOHEIGHT-I.BLACK):

DrawVLine(imageData. HISTOCOL + HISTOWIDTH-1 .HISTOROW .HISTOHEIGHT-1.BLACK):

DrawHLine([mageDaxa.HISTOCOL.mSTOROW+HISTOHEIGHT—I.HISTOWIDTH-I.BLACK):
. DrawHLine(imageData. HISTOCOL.HISTOROW . HISTOWIDTH-1.BLACK):

/* Data base line */ . :
DrawHLine(lmageData.AXISCOL.AXISROW.AXISLENGTH.WHITE):
DrawHLine(ImageData. AXISCOL.AXISROW +1 AXISLENGTH.WHITE):
,t

Now do the actual histogram rendering into the

image buffer.

*/

for (Index=0: Index < MAXQUANTLEVELS: Index+ +)

LineLength = (unsigned)({(long) Histogram([Index) * MAXDEFLECTION) /
(long) MaxRepeat);
XPos = DATACOL + Index*2:
YPos = DATAROW - LineLength: ) '
. DrawVLine(lmageDau.XPos.YPos.Lmel..ength.66):
} : -
It
Display the image overlayed with the histogram
*
l?isplaylmageInBuf(lmageDan.NOVGAINIT.WAITFORKEY):

/* After display. restore image data under histogram */
WritelmageAreaFromBuf(Buffer.HISTOWIDTH.HISTOHEIGHT.ImgeDm.
HISTOCOL.HISTOROW);

farfree((BYTE far *)Buffer);
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Find the Rpebspyivyal ue of the-absolute differences - PATICAISOR27f our

possibilities. MaxDi f = MAX(Li neAElI MaxDi f. Li neBEHVaxDi f) ;

MaxDi f = MAX(Li neCEGVaxDi f. MaxDi f); ' MaxDi f = '
MAX( Li neDEFMaxDi f. MaxDi f) ; /* If maximum difference is
above the threshol d. set the pi xel of interest (center pixel) to
white. 1 f,.v,muspo,,,,-rn,,ggrl,,gmgdagwﬁshr eshol d optionally copy the input inmage

to the output inmage. This copying is controlled by t he paraneter
Overl ay. : if (MaxDif > = Threshol d

Put Pi xel v mgee@um@mmwmmmmsﬁgemw VHI TE) : ' el se
if (Overlay) unsigned Col. unsigned Row,

Put Pi xel | ,nl mage( Qut put | nﬂﬂ%\”i‘@r““f‘w&‘@&? 1 mageRow. Pt E) ;

return( NJ ELdist drsigned Index O 96/ 21171 _
PCT/ CA95/ s€ef short NewLevel: © 53
/*********m**m%TibﬁWAmmF****/ [* - FRPOCES. H /* | nmage

Processing Header File */ /[* Frame Processing Functions [ /* witten
in Turbo (orAIngde MINSAMPLEVAL; Index <xMAXQUANTLEVELS:Indexw %k x x xxx % | [ * User

X MINS
defined i e co|nb pation type =/ typedef enum
{And. O . Xory, i&“ﬁwf %msmm)%smﬂmhmunct i on:
Newbevel = (NewLevel > MAXSAMPLEVAL) ? MAXSAMPLEVAL:NewLevel;
LookUpTable(Index] = NewLevel;

) .
l}tTransfonn(lmageData.Col.Row.Width.l-leight.l.nokUp‘l‘able):
}

’.

This function wxll negate an image pixel by pixel. Threshold is

the value of image data where the negatation begins. If

threshold is 0. all pixel values are negated. That is, pixel value 0
. becomes 63 and pixel value 63 becomes 0. If threshold is greater

than 0, the pixel values in the range 0..Threshold-1 are left

alone while pixel values between Threshold..63 are negated

*

VOId Negatelmage(BYTE huge *ImageData. unsigned Threshold.
unsigned Col. unsigned Row,
unsigned Width, unsigned Height)

register unsigned Index:
BYTE LookUpTablefMAXQUANTLEVELS]:

/* Straight through mapping initially */
Initialize LUT(LookUpTable); -

/* from Threshold onward, negate éntry inLUT &
for (Index = Threshold: Index < MAXQUANTLEVELS: Index++) -
LookUpTable{Index] = MAXSAMPLEVAL - Index;

PtTransform(imageData.Col.Row. Width. Height.LookUpTable):

l‘

This function converts a gray scale image to a binary image with each
pixel.either on (WHITE) or off (BLACK). The pixel level at

which the cut off is made is controlled by Threshold. Pixels

in the range 0..Threshold-1 become black while pixel vaiues

between Threshold..63 become white.

*/
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/* Frame.Process Function Prototypes */ void Conbinel rrageslchr%hHS%

;Sl .ma'geEj vg(\’vggr?hnl unsi gned SCol . unsigned SRow.
nsi gne . unsi gned SHei ght. BYTE huge *D
ggi%gneg DCol . unsi gned DRow, enun1BitFunc?ion s
I neType, shori4 Scal e) ;
PCT/ CA95/ 00727 ' : Vo seretirt 54
ok ok ok k% & TireiHoldintadelBY'TE higé *indgeData: unsigned Threshiold. ' FPROCES. C / * | mage

Processi ng Codeunsigned Co}. ugsigned Rowbr ane  Pr ocess Functions  * * i i
Turbo C 2.0 * [ /*mignedWidm*m&imdeHeisht)***"************'****i*j #i n.\cl:v|r {J;teen 'n

<st di 0. k> #incl.ude <stdlib.h> #i nclude <conio. h> #i ncl '
il . > : ncl L 0. | ude <dos. h> #incl ude
_;alIchh%&#gﬂﬂgﬁﬁ%ﬁghV&gg@ﬁwﬂiwﬁgﬂp!ude <gr aphi cs. h> #i ncl ude "nmisc. h"
#i ncl ude ""pcx. h™ #i ncl ude vga. h" #include -"i magesup. h" #i ncl ude

f r pr ocegs (dex = MINSAMPLEVAL: Index < Threshold; Index++) :

LookUpTablefindex] = BLACK;

for (Index = Threshold: Index < MAXQUANTLEVELS; Index++)
LookUpTable{Index} = WHITE; . -

P{Transform(imageData,Col.Row, Width. Height.LookUpTabie);
} _ :

void StretchimageContrast(BYTE huge *ImageData. unsigned *HistoData.
unsigned Threshold,
unsigned Col. unsigned Row,
unsigned Width. unsigned Height)

register unsigned Index. NewMin, NewMax:
double StepSiz, StepVal: :
BYTE LookUpTablefMAXQUANTLEVELS]:

* -

Search from the low bin towards the high bin for the first one that
exceeds the threshold S
*/

for (Index=0: Index < 'MAXQUANTLEVELS: Index++)
if (HistoData{Index] > Threshold)
break: )

NewMin = Index:

~ _
Search from the high bin towards the low bin for the first one that

exceeds the threshold
=/

for (Index=MAXSAMPLEVAL. Index > NewMin: Index--)
if (HistoData{Index) > Threshold)
break:

NewMax = Index:

StepSiz = (double)MAXQﬂANTLEVELSI(doub!e)(NewMax-NewMin+ 1):
StepVal = 0.0 ' .

/* values below new minimum are assigned zero in the LUT */
for (Index=0; Index < NewMin: Index+ +)
- LookUpTable{Index] = MINSAMPLEVAL:

/* values above new maximum are assigned the max sample value */
for Index=NewMax+1: Index < MAXQUANTLEVELS: Index++)
LookUpTable{Index] = MAXSAMPLEVAL;

/* values between the new minimum and new maximum are stretched */

for (Index=NewMin: Index <= NewMax: Index<+ +)
{ .
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/* Singl evwooetiryn perforns all inmage conbinations */ voi d PCT/CA95/00727

Conbi nel mages(BYTE huge Sl mage. unsi gned SCol . unsi gned
SRow, unsi gned SWdth. unsi gned SHei ght.

BYTE huge *Dl nage, ssinsi gned DCol . unsi gned DRow,

enum Bi t Fu%&kﬂﬂb ) USLYRE, short Scale) { register
unsi gned Sigipattals .mageRow. Dest Col: short SData. DData; unsigned
SCol Ext ent}. SRowExt ent : if (Par anet er CheckOK( SCol . SRow. SCol +SW dt h. SRow

+ SHei ght .7 ".Conbi nel mages”
Par anet er Geekcfediyloen™ 'MWBI“E“‘BF&M#SH& ght . " Conbi nel mages"))

{ C%( Exten t ﬁﬁ?ﬁi@(tem = SRow+SHei ght : f or
( SI mgeR \%I\P“%?%édﬂé% ‘gdagﬂﬁhv&#en 'Sl mageRovv++) { /*
Reset the ‘desti natl on Colum count every row */ - " DestCol = DCol ;-

for (SImageCol SCol : Sl mageCol < SCol Extent: SI mageCoI + +)

/* Get a byte of t he source. and dest image data */ SData =

Get Pi xel From mage( SI nage. Sl nageCol . Sk mageRovv) DData =

- Get Pi xel From mage( DI mage. Dest Col : DRow) - s .~ |* Conbi ne source and
dest data according to paraneter */ _ swi t ch( Conmbi neType)

{ case And: _ DDat a & = SDat a:

break; . . case O: - = - _ : - DData | = SDat a:

SUBSTITUTE SHEET (RULE 26)



br eak; case Xor: ' DDat a = SDat a:

br eak: WO 96/'ﬂﬁs1§ﬂ=etHasBeenRe

PCT/ CA9§/¢P&BI71 | PCT/CA5/00727
case Ad SData br eak

case Sub: -= br eak:

case Nplt: DData *= SData 3

case Div: i f (SData I—0) 76 . THE%%E T HA dg?§
br eak; : case M n: . " DData = M N{.SDatd} é

br eak; I CLAIMaase Max: ‘DData = MAX(SData.DData);
breakZ case Ave: — _ DDat a = ( SDhat a+DbDat a) / 2;

br eak; case Overl ay: DDat a = SDat a;

break; - 1. ' A 2-dimensional display device on;ggich an image

formed by discrete pixels is presented, the display device
5 having means for dynamically varying across the image,
pixel by pixel, the apparent visual distance from a viewer,
positioned in front of the display device, at which each
individual pixel appears, whereby a 3- dimensional. image is
created. | ' ' |
10 _ _ _ _
2. A display device as claimed in claim 1 in which
the means for dynamically varying comprises an array of
transparent optical refractory elements aligned '
respectively in front of rhe pixels and each having a focal
15 1length which varies progressively along refractory surfaces
oriented generally parallel to the image, and means for
displacing minutely within a pixel the location at which
light is emitted according to a ‘desired depth such that
there is & corresponding displacement of an input location
20 of the light along an input refractory surface of the
optical element whereby the apparent visual distance from
the viewer varies according to the displacement of the
input location of 1light.

25 3. A display device as claimed in claim 2 in which
the refractory surfaces are shaped to provide the varying
focal length.

4. A display device as claimed in claim 2 in which
30 . th~ optical refractory elements are each made of gradient
inc :xX optical materials in wnich the index of refraction
. var:.es progressively along the refractory element to
' produce the varying focal length.

35 5. A display device as claimed in claim 2_in which_
the relationship between the displacement and the focal

[T




/* , Scale the resultant data i f requested to. A positive

VatwgPoerlin it S ltbeda to the right. PCT/CASI06727
d|V|d|ng it by a pomer
unt ouched. A negatlve

o Scal e " val ue | eaves the data
multiplying it a pomer

value shifts the data left thereby
<0) DData < < = abs(ScaI e) "1 el se i f %&i&ghgﬁm
DData > > = Scal e: /* Don't let the pi*xel data pet_o F%nue _

x szm%\h—iwbat‘aai M NSAVPLEVAL) 2 M NSAVPLEVAL: DDat a:
DDat a = (DData > MAXSAMPLEVAL) - ? NAXSAIVPLEVAL DDat a:

o L the. ot et oA Bageiey deviBE deHdlied 1n c1a1h '3 ARubIoHSH

fCT/CA95/OOﬂ€He relationship betwWeen the displacement and the focal 56
* EK¥E mage Processi ng Header File */ /*
GEOﬁEtrlébrdygggf uﬂBPléﬁée@ /* witten in Turbo C 2.0 */

7. . A display device as claimed in claim 2 in which
" each optical refractlng element has a focal length whlch
‘varies radially with respect to an optical axis of the
10 optical refractory eleméht,'and the displacing means
displaces radially within a pixel the location at which
light is emitted. |
8. A display device as claimed in claim 2 in which
15 each optical refractory element is elongate and has a
focal length which varies along its length from one end,
and. the display means displaces linearly within a pixel the
point at which light is emitted.

20 9. ' A display device as claimed in claim 2, 7 or 8 in

' which the display device includes one of a liquid crystal
display device, electroluminescence device and plasma
display device as a llght'source.

25 10. A display device as claimed in claim 8 in which
the display device includes a cathode ray tube having
thereon a plurality 6f-elongate phosphor pixels and
including means for displacing the electron beam along each
phosphor pixel whereby the point at which light is emitted

30 and the input point of light for the respectlve optical
element are similarly displaced.

C11. ' A display device as claimed in claim 10 in which

the electron beam is rectangular in cross-section.
35 | - |
12. A display device as claimed in claim 10 in which

[



/# Msc user defined types * f enum {HorizM rror.VertMrror}
gL;{g{léseéayﬁE h./* Ubﬂﬂﬁ&&k&B&g cesses function prototypes */ voi d

: 8 1huge d SCol . unsi d JCA95/00727
unsi gned SWdt h. unaylﬂm,lmqﬁf gned SRoRET.

doubl e Scal eH.
doubl e Scal eV, BYTE huge *Cutl nmage.

unsi gned DCol . unsigned DRow,
voi d Si zel mage(BYTE huge *Inlmage. unsign@® SCol. unsigned $Row. REPLACED

unsi gned |ITHIS (SHEERtHAS BEEN

~unsi gned SWdth. unsigned SHei ght, : : BYTE NnUge— s
*Qut I mage, the electron beam 1sueyedndd SESHSS RRSGYRY DRow '
unsi gned DWdt h. unsigned DHei ght, =~ ' unsiéned

I nt er pol ate); voi d Rottel mage( BYTE hu * | nl |
unsi gned Rowt3. | A display de %-i%%@%&“ﬂ?ﬂﬁ}%%m#gﬁ%mﬁ%ubl e
Angl e, the dis 1% devicRYIE augeletd iy recatsignciavingrpeanse) ;
void Transl atel ma gi E hugg *In%p%gg . ' ngi gned
SCol . uns? gnk@r racting & dept mponentlﬁ%ﬁgﬁ%ﬁpfﬁ&%ﬁ%.fﬁggiéned
ﬁzf!ggtd Exbreceived signal and m@éhs 'fiar sdalingekie depth component to

i gne . _unsigned,DRow, . : . SBIsE .
~void Mrrorl 5e?%9$ﬁnﬁaaggw|ﬁQEiiﬁntal scan line to . ﬁaﬁﬁ%ﬁgﬁnglgg?,
unsi gned SRovertical level of the horizent@kEcan diine pkxeheRY SPERSH! .

enum M rrorT%BSﬁ%%&CQN%EB&gﬁE raster scan line is oftdinéage *CQutl mage,

unsi gned DCo gne
10 '
- 14. A display device as claimed in claim 2 in which a
minute interstitial gap 1s provided between the individual
. optical elements. - ' - -
15 15, A display device as claimed in claim 14 in which

a black opaque material fills the interstitiallgap.

16. . A display device as claimed in claim 2 in which
the transparent optical elements are provided as an
20 embossed sheet of plastics material.

17. A display device as claimed in claim 2 in which
the transparent optical elements are provided on a sheet of
injection moulded plastics material.

25
18. A display device as claimed in claim 2 in which

each optical element is a compound device comprising at
least two individual optical components.

30 19.' A display device as claimed in claim 18 in which
the at least two individual optical components are prov ed
as at least two embossed sheets of plastics material wh ‘h

" are cemented together.

35 20. - A display device as claimed in claim 18 in which
the at least two individual optical components are provided

W




WO 96/ 21171

PCT/ CA95/Woheid1171  This Sheet Has B"en R BCT/CA95/00727
/*************3\?****** ****/ EPRCI:ES C */
/* | mage Processing Geonetric Processi nggf t e
written in Turbo C 2.0 AR R R X R R R R R R R R XS kTHiSkSHEEFHAS BEEN

#i nclude <stdio. h> #|nclude < conio. h > #i @8 ude <dos. h> ¥i ncl REPLAGED 6c. h>)

#i ncl ude <process. h> #include <math. h> #i ncl ude < phi cs. h> #include
"msc. h" # nasidat "peast " twbnembossedgsheets of m%@sqireeﬁgémﬁ@ﬁial whieh

Scal el mage(B heiggy I Shgn leagézsi gned SRow,
unsi gned- - SW gxﬁe uns@%a(;d @thlé? h PHede” doubl e Scal eH. doubl e

Scal eV. _ BYTE huge *CUtInage unsi gned DCo

unsigned DRowy, =~ ~ . @ disp!!a§' aeetichnta%r RUlsdinRd nure;slaqmeob Dot geh.
Dest Hei ght ; un5|3ned Pt A PtD. Pixel Val ug; eaéfter unsi gned

SPi xel Col Numthspi %?%Q\Nuﬁ? !-E?t éﬁl a pdewesor RNRNeS A Addr,
SPIXGlROWNﬂﬂphotbgt&phiblEtlmatrEanakbmcy and the means for displacing

the point at which light is emitted comprises a mask
applied to each pixel of the transparency such that a
preselected transparént point is provided.

10
22. A display device as claimed in claim 1 in which
the 2-dimensional image is a printed or photographic image
and the means for dynamically varying comprises an array of
microlenses aligned_respectively'with the pixels and °

15 applied to the 2-d1mensional image, each microlens having a
respective focal length chosen to portray the.associated
pixel at a predetermined distance from the viewer.

23. A method of forming a 3-dimensional image from a
20 2-dimensional image display comprising breaking the 2-

. dimensional image into pixels and dynamically varying

across the image, pixel by pixel, the apparent visual

distance from a viewer positioned in front of the display
at which each individual pixel appears.’

25 - .
24. A method as claimed in claim 23 in which the 2-
dimensional image is formed in one of a cathode ray tube,
liquid crystal display deVice,'eleCtroluminescence deviée,
plasma display device, photographic slide and motion

30 picture film, comprising the steps of displacing within
each pixel the location at which light is emitted from the
2-dimensional image, and passing the emitted light through
optical elements éligned respectively in front of the |
pixels, the location at which the emitted light enters the

35 optical elements determinihg the apparent depth of the
pixel.

AR



doubl e CbntribFro rleronCandD DestWdth = ScaleH * SWdth +

0.5: Dest Hei ght — 05 | f

( Par ametwo@caqiq(ix(s W dt h. SRow+SHei ght . " Sc aPET/GAZ&0072%.&

Par ameer . Check OK( DCol ! thH1U%Wﬂbﬁkmqh;_&amwm@e?ﬁ

/* Cal cul ations from destl nati on perspective */ f or [(ThHStSRERT-HAS BE

De;t Row < Dest Hei ght: Dest Row+ +) SPi xel RowAddr{ = DeREROACEBCal eV:

SPi xel RowNum = (unsi gned) SPi xel RowAddr ; RDWEEIf%r-—-fﬁﬁﬁﬁﬂTKNWEET
~ - SPi xel RowNum SPi xel RowNum + = SR

Dest Col < De@5W dt h: DBsmeshod According to Sﬂ-&H‘GﬁA&ErmgifﬁsF%l F§88| eH:

SP'Sée' Col N“”bf &!Bﬁu%‘iﬁb %E—’M%@Ht&% at_which 1{@hPel § aemst EBHXEE6M Addr
- i xel Col N | Col Num += Inteiﬁglate)
thepexetnenAlanAL 9S8! IEHIRAL SRR LARLFALEH B BP

{
coordi nates pinkhe1yPRAe’ whilh Nivgtt ofs témittegeften the 2-dimenpipnRls

(poi nt X) nelﬂhggrhood This is point A beIomr A B X

26. " A method according to. claim 24 in which the step
of displaying the location at which light is emitted from
the 2-dimensional image comprises displacing the'lpcétion

10 radially at which light is emitted from the 2-dimensional
image.

27. A method of encbding a televiéion_prpadcast
sidnal comprising the steps of generating a depth signal

15 for each pixel and édding the depth signal as a component
of the broadcast signal. ' '

28. A method of decoding a television broadcast
signal encoded according to claim 27 comprising the step of
20 extracting the depth signal component.

29. A method of encbding a televisibn broadcast

signal as claimed in claim 27 in which the step of

generating the depth signal comprises a triangulation
25 technigue using two spaced cameras.

30. A method of encoding a television broadcast

signal as claimed 1in claim 27 in which the step of

generat ing tﬁe depth signal comprises the use of non-
30 optical depth sensors. |

31. A method of retrofitting 3-D information to
" conventional 2-D imaging, comprising the steps of
digitizing'each scene, defining individual objects in the
35 scene, assigning a specified depth to each object in the
scene, scanning each pixel in the scene and assigning
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WO 96/ 21171

PCT/ CAO5 W@ 9oLyt This Shiect Has Been Replaced PCTICA95/0098)
C D WM’M e the bri ght ness | evel of each of the
I

four pixels to calcu of .the pixel put into THIS SHEET HAS BHER '
destination i mage. Get point _A brightness ps it g Bbways

lie within the | nput i mage ar@h. ChecktoI f =
oints are ithin also. If sp u ir_ values for t

Cal culat | ons Fespective dépth edhSShont s Lo Ehe’ Binais: scporning Fodns.
Thi s i nduces specified deptdn. error but onI y at the edges on an i nmage.
[ PtA =

Cet Pi xel Fr-om mage( | nl mage. SPi xel CoI Num SPi xel RowNumj ; i f
(((SPi xel Col Rem + 1) <Mm§nmmqsmmpramevm¢ cohPXBEIBY) a

; CB: z g:t g: ighgr om nma I%ge @%%’%M@P@eﬁim? rectangular
PtD = Get Pi xE’PPF&H’Pﬁa Hisactsmasing | aukengt spand| Romm and

} _ inceu®dng means for displacin%tan electrén PbhnPa1BhY BRke
equal brightgpess, */ Pt D=Pt A
I nterpolate ?S"F"Hd%’r S5 RNOSRNAL iBARe b ACFORALRI st QR desired depthn

nei ghbor hoodan@oae arrayt hbft h@dwng;lmmﬁltﬁlﬁlsyﬁén@%pt 1ca1 refractory

ol Dol { T8¢ (elEPentpaligrieg respact ively Ih r5RO RE U nixadp and

Col Del t a*( (deashehpvdng Bt Qengtt @nd a width, eadh xspt/taE &18mént
gm :: Bg:gmban di@ & focal length whicr} variéméé%:é%{%‘fy along the
h of the optical element, whereby the apparent visual
dis}:ance from a viewer, positioned in front.of the display
" 15 device, at which each individual Pixrel appears \}aries
according to the desired depth thereby creating a 3-
dimensional image.

33. ' A display device as claimed in claim 32 in which
20 the pixels are aligned in rows.

34. A display device as claimed in claim 33 in which
the display device is a television receiver having means
for extracting a depth component for each pixel from a

25 received signal and means for adding the depth component to
the conventional horizontal scan line to control the
vertical level of the horizontal scan line pixel by pixel
whereby a stepped raster scan line is obtained.

30 35. A display device as claimed in claim 1 in which
the means for dynamically varying comprises an array of
transparent optical elements aligned respectively in front

. of the pixels and each having a focal iength which varies
progressively along surfaces oriented generally parallel to
35 the image, and means for displacing minutely within a pixel
the location at which light is emitted according to a

A



. e .
Pi xel Val ue=Get Pi xel From mage( | nl rage. SPi xel Col Num SPi xel RowNum) :
/[* Put the pixel i1HisShédnd f1on buffer */

} } void Size *I nl mage. unsigned SCol . unsigned SRow

Put Pi xelWe P& Out lwg DCol . Dest Row+DRow. Pi x | RE/€495/00727
|
rghed SHei ght .

unsigned SWdth. un BYTE hugel ¥M4{5 SBEET HAS BEEN
unsi gned DCol . unsi gned DRow. ' unsi gned DWdth. unsi A
: DHEPhAeED

DHei ght . unsi gned | nterrﬁﬁ ate) { doubl e HScale
/* Check for gigg ter% out '

f X/ jf - ’

( Par anet er CH& SESP! ﬁ&ﬁ%rh%?{%é&w%@?ﬁﬁ?sp%?‘iw%ge") &&
}Dar anet g;f:hdcbmaemle. nIBR?ﬁl B linglty didediRoon DL tine . 1 Bybe | akgny) An | -
* C . - i ' it
cpeci fiod popPE, SEFEARE Bl 3 IR Sfdnént Yidhény the | Efiparent© !
i mage. vieuad/ gistance from the viewer varies according to the
PCT/ CA954 00 :
HScal e :_é( d‘é%é?é?ﬁﬁ?‘&f’ﬁ/ PEoEh% 1 ERIE rocatipn pf lignt.
(doubl e) DHei ght / ( doubl e) SHei ght : - ; |

36. A display device as claimed in claim 1 in wh:l.ch

the means for dynamically varying comprises an array of
transparent optical reflecting elements aligned

10 respectively in front of the pixels and each having a focal

" length which varies progressively along reflecting surfaces

oriented generally parallel to the image, and means for
displacing minutely within a pixel the lécation at which .
light is emitted according to a desired deptﬁ-such that

15 there is a corresponding displacement of an input location
of the light along an 1nput_reflecfing surface of the
optical element whereby the apparent visual distance from-
the viewer varies according to the displacement of the
input location of light. '

59

20 .
37. A display device as claimed in claim 36 in which
each optical element comprises a plane mirror and a concave
mirror. -
25 38. A display device'as claimed in claim 37 in which

each plane mirror is formed as one surface of a combined
element another surface of which forms a concave mirror of
an adjacent pixel.

30 39. A display device as claimed in claim 10, 32, or
33 1in which the display device 1s a computer monitor and
computer based video driver electronics having means for
‘extracting a depth component from each pixel from data
received from a computer and means for adding the depth

35 component to the conventional horizontal scan line pixel by -
pixel whereby a stepped raster is obtained.

* c L L ] *




I'* Call Scal elmage to do the actual work */
Scal el ma ) e. SCol . SRow. SW dt h. SHei ght . HScal e. VScal e. perica9s00727
R

Qut | mage. w. | nt er pol at e) ; } void Rotatel mage(BYTE huge *Inl nage.
unsi gned Col . unsigned Row. ' unsi gned Wdth. unsigned

Hei ght. doubl e Angle, BYTE huge CQutlmage. unsigned -

| nt er pol at e) regi ster unsigned | mageCol. |nmageRow, unsigned Center Col,

Cent er Row. SPi xel Col Num SPi xel RowNum  unsi gned- Col Ext ent. RowExt ent.
Pi xel Val ue; unsigned PtA, PtB. PtC Pr?%oubl e DPi xel Rel ati veCol Num
DPi xel Rel ati veRowNum  doubl e CosAngl e ngl e, SPi xel Col Addr,

SPi xel RowAddr: double Col Delta. RowDelta: double ContribFromAandB.

Cont ri bFr ormCandD; i f (ParameterCheckOK( Col . Row. Col +W dt-h. Row

+Hei ght . " Rot at el nage")) /* Angle nust be in 0..359.9 */ whil e (Angle
> = 360.0) ' ‘Angl e -= 360. 0; /* Convert angle fromdegrees to
radi ans */ ngle *= ((double) 3.14159/(double) 180.0); /* Cal cul-ate
angl e val ues for rotation */ CosAngl e = cos(Angl e); Si nAngl e = '
si n(Angl e); ./* Center of rotati */ CenterCol = Col + Wdth/2;

Cent er Row = Roy + Hei ght/ 2; Col ent- = Col + Wdth: RowExt ent = Row

+ Hei'g_ht: i

Figure 1(a) |




Al'l calculations are performed fromthe destination inmage per specti ve.

Absol ut ewe 9s@11mal ues nust be converted into . .inches of BCEQAIHOQTREt ance.
to keep the aspect val ue correct when inage is rotated. After rotation.
t he cal cul at ed di spl ay distance is converted back to real pixel val ues.
for (I mageRow = Row. | nmageRow < RowExtent: | nmageRow+ +) {

DPi xel Rel ati veRowNum = (doubl e) | mageRow - Cent er Row. /* Convert
row value to display distance fromimge center */

DPi xel Rel ati veRowNum *= LRI NCHESPERPI XELVERT; for (I mgeCol Col:
| mmageCol < Col Extent: | mageCol + +) DPi xel Rel at i veCol Num =
(doubl e) I negeCol - Center Col : Z/gynvert col value to display

di stance fromimge center */ el Rel ati veCol Num *=

LRI NCHESPERPI XELORI Z; - /* _ Cal cul ate source pi xel
address from destination WO 96/ 21171 '

PCT/ CA95/ 00727 _ ' - 60

pi xel s position. */ SPi xel Col Addr =

DPi xel Rel ati veCol Nunr CosAngl e- N

SPi xel RowAddr

DPi xel Rel ati veRowNunt Si nAngl e;
DPi xel Rel ati veCol Nunt Si nAngl e+.
DPi xel Rel ati veRowNunt CosAngl e;

Figure 1(b)

21



Cbnveft'fron1coordinates_relative to image
iJat.es.

absol ute_coq
di st anceVPIF K

LRPI XELSPERI NCHHORI Z;
SPi xel RowAddr *= LRPI XELSPERI NCHVERT,;

Cent er Row,

SPi xel RowNum = (unsi gned) SPi xel RowAddr ;

| ocation */

- SPi xel Col Addr

center

* / .
SPi xel Col Addr

+ = CenterCol ;

SPi xel Col Num = (unsi gned) SPi xel Col Addr ;

SPi xel Col Addr - SPierCDINunl

SPi xel RowNum

upper left pixel

nei ghborhood. This is point A bel ow

X .
bri ghtness | evel

val ue of the pixe

_ if (Interpolate)
and SPi xel RowNum now cont ai n the pi xel

of the targetted

C
of each of the
put into

Get point A brightness as it wll

i mage area. Check to make sure the other points
If so use their values for the cal cul ation
_ equal
but only at the edges on an inage.

al so.
set them al

Col Delta =
RowDel ta =

3/23 - ?,;.'pi xel ' s_(poi nt X)

D

~ .
‘..-.\/

SPi xel RowAddr +

SPi xel RowAddr -
SPi xel Col- Num
coordi nates of the

back into

I+ Conver peiesBhitar

B

i nput
W t hin

I-f _not.

to point A s val ue.

an error
PtA =

Pi xel Col Num SPi xe

Get Pi xel From mage( | nl ma
(((SPi xel Col Numt 1) <

Pt B = Get Pi xel From mage( | nl ma
Pt C = CGet Pi xel From mage( | nl nage.
Pt D = Get Pi xel Froml nage( | nl nage. SPi X

i f

e
v
P

I,



el se { ’ /* Al points have equal

bri ght ne Pt B=Pt C=Pt D=Pt A: PCT/CA95/0D727

/* %ﬁos&uuﬂl Interpolate to find brightness contribution of each pixe
i n nei ghborhood. Done in both the horizontal and vertical

directions. */ : Contri bFromAandB =

Col Delta*((double)PtB - PtA + PtA; . Contri bFronCandD =

Col Del ta*((double)PtD- PtC) + PtC " Pixelvalue = 0.5 +

Cont ri bFromAandB + : (Contri bFrontCandD -

Cont ri bFr omAandB) RowDel t a; WD 96/ 21171

PCT/ CA95/ 00727 ' ' 61

} el se MmAJZB

Val ue=Cet Pi xel From mage( | nl mage. SPlerCDINunlsPlerRowNun) /*
Put the pixel into the destination buffer */

Put Pi xel I nl mage( Qut | nage. | mageCol , | mageRow. Plxelvalue) } }

}} Caution: imges nust not overlap */

B © =

S 4 A 4 \ 4
A S S N S S S S S S S SIS NY

=

~N

~

- -

Figure 3(a)



voi d Transl at el mage( BYTE huge *I nI'rrage, unsi gned SCol .

unsi gned 171 . unsi gned SW dt h, unsi gneBCBEARSONT727

BYTE huge *CQutl nage, unsi gned DCol . unsi gned DRow,

unsi gned Er aseFl ag) regi ster unsigned SlnmageCol. SInmageRow. Dest Col

unsi gned SCol Ext ent. SRowExt ent; [* Check for paranmeters out of range */
i f (Parameter CheckOK(SCol . SRow. SCol +SW dt h. SRow+SHei ght . " Tr ansl at el nage")
&% - Paramet er CheckOK( DCol . DRow. DCol +SW dt h. DRow o '

+SHei ght . " Tr ansl at el nage")) { Sl t = SCol +SW dt h;

SRowExt ent = SRow+SHei ght ; for ( w = SRow. S| mageRow <
SRowExt ent : Sl nageRow+ +) ' /* Reset thé destination Colum count
every row */ Dest Col = DCol : for (SInmageCol = SCol

Sl mageCol < SCol Extent: SImageCol + +) -[* Transfer byte of the
i mge data between buffers */ Put Pi xel I nl mage( Qut | nage. Dest Co
+ + . DRow. : - . o

Cet Pi xel Froml mage( | nl mage. Sl mageCol . SI mageRow) ) : - } _ /*
Bunp to next. row R )Y he destination inage */ . DRow + +;

[* 1If erasure speg
Cl earl'mageArea(lnlr
M rrorl mage( BYTE hdg
SRow. -
enum M rrorType WijchM

j ed, blot out original imge */ i f (EraseFl ag)
e. SCol . SRow. SW dt . SHei ght . BLACK) : } } void-
*1 nl mage, . unsi gned SCol . unsigned

_Unsiq!EF / &, unsigned SHeight,
Lo

or.

Figure 3



BYTE huge *OJtImage, unsi gned DCol . Unsi gned DRow)
regi ster _uns Sl mageCol . Sl nageRow. Dest Col : unsi gne éﬁfﬂﬁ)ﬁbﬁ?t
SRowEXxt em é/?ﬂff Check for paraneters out of range */ ?

(Par anet er CheckG(( SOoI SRow. SCol +SW dt h. SRow+SHei ght . "M r rorl mage") &&
WO 96/ 21171 -

PCT/ CA95/ 00727 62
Par anet er Check OK( DCol . DRow. DCol +SW dt h, DRow +SHei ght. "M rrorl mage"))
SCol Ext ent = SCol +SW dt h: SROV\ESaZ SRow+SHei ght ;
switch(WiichMrror) { =%rizM rror: for
(SI mageRow = SRow. S| mageRow < SRowExt ent: Sl nageRow+ +)

. /* Reset the destination Colum count every row */ Dest Col =
DCol + SW dt h: for (SImageCol = SCol: geCol < SCol Extent:

Sl mageCol + +)

| mge data between buffers */
Put Pi xel | nl mage( Qut I mage. - Dest Col .
Get Pi xel From mage( | nl mage
/* Bunp to next row in the estl

}

nsfer byte of the

DRow,

"__ I on image *]

DRow+ +;

8
(Y)_
, 0
g D
L1

660




br eak: case VertMrror: DRow + = (SHeight-1):
for (SInmage = SRow. Sl mageRow < SRowExtent: Sl mageRow+ plepycaosnorzz |
ggggg{ Sggthl

/* Reset i nati on Col um count every row */ =
DCol : for (SlmageCol = SCol: Sl mageCol < SCol Extent: Sl mageCo
+ +) { [* Transfer byte of the imge data
bet ween buffers */ - Put Pi xel I nl mage( Qut | mage. Dest Col +

+. DRow. ' -

Get Pi xel From mage( | nl mage. SI mageCol . SI nageRow) ) : }

/* Bunp to next row in the destination i mage */ - DRow- :

} break: } WO 96/21171 _
PCT/ CA95/ 00727 Z!gé 63 .

| MAGESUP.- H ¥/ I* 1mage Proc Header Fil e *[ [* |nmage
Processing Support Fungti.ons */ /[* witten in Turbo C 2.0 */ Thi s

file includes the gene

in part two of this book.

_imge is assuned If'the I QS
equat es ' '

equates used for all of the inage processing code
oughout these eouates a 320x200 256 col or

N on of the ange the
mmmm _
ALY

mmlmmmm
/AN
;Inmnmmm

15

Figure 4(a)




MAXCOLS and MAXROAS nust change accordingly. */ /* Pixel Sanple
| nf or mat i quates */ #define MAXSAVMPLEBI TS: 6 ts
from di gi‘?pé’gﬁg’ﬁf #defi ne M NSAMPLEVAL 0 /* Mn s%%c‘?s\,/@ﬁl?e =0
*/ /* Max numof sanple val ues */ #define MAXQUANTLEVELS (1< <
MAXSAMPLEBI TS) /* Max sanple value = 63 */ #defi ne MAXSAMPLEVAL
(MAXQJANI’LEVELS— 1) /* Image Resol ution Equates */ #define M NCOLNUM

/* Colum 0*/ #define MAXCOLS LRVAXCOLS /* 320 total colums */
#defl_ne MAXCOLNUM (MAXCOLS-) /* Last columm is 319 */ #defi ne M NROANUM

0 /* Row O */ #define MAXRONS LRVAXROAS /* 200 total rows */
#def i ne MAXROANUM ( MAXROAG-1) /* Last rowis 199 */ #define RASTERSI ZE
((long) MAXCOLS * MAXROWS) #defi ne YCOLORS MAXQUANTLEVELS . /*

hi st ogram equat es */ - #define H ST - 0 #defi ne H STOROW 0
#define H STOWN DTH 134 #define H STOHEI GHT 84 #define BLACK 0
#define VWH TE 63 #define AXI SCOL (H STOCOL+3) #define AXI SROW
(H STOROM-HI STOHEI GHT- 5) #defi ne -AXI.SLENGTH MAX LEVELS*2-1 #defi ne-.

defi ne MAXDEFLECTI ON
and Prototypes */

DATACOL - AXI SCOL #defi ne DATAROW AXI SROV
(HI'STOHEl GHT-10) - /* External Function Declarati,

Figure 4(b)
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voi d Copyl mage( BYTE huge *Sour ceBuf BYTE huge *DestBuf): BYTE

CGet Pi xel Fr om mage( BYTE huge *Inmage unsi gned Col. unsigned ;

Conpl et i owe(%@l%lﬁt Pi xel I nl mage( BYTE huge *I|mage, unsigned WICMSMMN

unsi gned Row. unsigned Color): ConpletionCode DrawHLi ne( BYTE huge *I nage.

uxsi gned Col . unsigned Row. unsi gned Lengt h,
unsi gned Col or); WO 96/ 21171
PCT/ CA95/ 00727 : 64

Conpl eti onCode Dr awvLi ne( BYTE huge *Image. unsigned Col. unsigned Row.
unsi gned Length. unsigned Color); void Readl nageAreaToBuf (BYTE huge

*1 mage, unsigned Col. unsigned Row, unsi gned
W dt h, unsi gned Hei ght, /’éﬁgs . BYTE huge *Buffer): . void
Wit el mageAr eaFronBuf (BYTE huge *Bufféa. Ygned Buf W dt h.

unsi gned Buf Hei ght, BYTE huge *I nmage, unsi gned
| mageCol . unsi gned | mageRow); void C earl mageArea(BYTE huge :

*| mage. unsi gneg . ned ' '
unsi gned Hei g
Par anmet er Chec
Col Extent. un

-Code

17
20

ADDER

19
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WD 96/ 21171
PCT/ CA95/&%79%721171

/*

| MAGESUP. C

FRuncti ons */

#i
#i
#i
#i
#i
#i

ext ern unsigned | mageW dt h:

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<stdi o. h>
<coni 0. h>
<al | oc. h>

< graphics. h>
"pcx. h"

"i magesup. h"

| mmgeHei ght: /*
See.text for details.

source buffer to destination buffer-

+ 4« » PCTICA95/00727
/*********************************** *

/* 1 mage Processing Support
/* witten in Turbo C 2.0 */
#i ncl ude <process. h>
#i ncl ude <dos. h>
#i ncl ude <mem h>
-#include "m sc. h"
#i ncl ude "vga.h" :
IO/Z xtern struct PCX File PCXDat a;
- extern. unsi gned
| mmge Processing Support Functions -
Copy a conplete imge from
*/

14
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voi d Copyl mage( BYTE huge *SourceBuf. BYTE huge *Dest Buf)
novedat a( FP SEG§ Sour ceBuf) . FP_OFF( Sour ceBuf) ,

FP SEG( DeWORG2{1HP_OFF( Dest Buf) . o PCTICASIONE gned)
RASTERSI ZE) : } NOTE: to index
iato the image nmenory |like an array. the index . _ val ue

must be a long variable type. NOT just cast to |ong.
BYTE Cet Pi xel Fronl nage( BYTE huge *"ﬁ;@23n5| gned Col . unsigned Row) .
unsi gned | ong Pi xel Buf O f set ; | f((OoI < | mageW dt h)

&& (Row < | mageHei ght)) : Pi xel Buf O‘fset = Row.
/* done to prevent overflow */ : N 4 .7 3y
| mageW dt h: Pi xel

return(lmage[Pl xel BufOffset]) :
printf("CGetPixel From mage Error: Coordinate oW
printf(" Col = %l Row = %\ n", Col . Row); '

return( FALSE) :
Conpl eti onCode Put Pi xel nl &

unsi gned Row. unsigned Co
PCT/ CA95/ 00727 .

.LA
% Alllllmmllmn
)ALllllumllllm
;l»mlmm_lm

}
e(BYTE huge T nage.
WO 94771171

‘

3
\
Figure 7
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66 unsigned | ong Pi xel Buf O f set; i f((Col < ImageWdth) && (Row <

I mageHei ght)) Pi xel Buf O f set = Row, /* done to prevent averfl ow
*/ ~ Pi WOB&DMset *= | mageW dt h; Pi xel Buf Of fset + = JCA9SI00727 -

| mage[ Pi xel Buf O fset] = Col or: ‘return(TRUE); } else {
printf("PutPixellnlmge Error: Coordinate out of range\n"): printf(" Col
- %d Row = %\ n". Col . Row): return(FALSE); } } NOTE: A length of O
is one pixel on. Alength of 1 is two pixels on. That is why length is

i ncrenent ed before being used. Conpl eti onCode Dr awHLi ne( BYTE huge

*I mage. unsigned Col. unsigned Row. unsi gned
Length. unsigned Col or) if ((Col < ImgeWdth) && ((Col +Length) <=

I mageWdth) && (Row < | mageHei gh Lengt h++:

whi | e(Lengt h-) Put Pi xel I nl ma&Z/r&é Col + + . Row. Col or):

return( TRUE); } el se printf(DrawHLine Error: Coordi nate out of
range\ n"): ~printf(" Col = % Row = % Length = %\ n". Col.Row. Length):

P~
Q]

25
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Figure 8




return( FALSE) : } - Conpl et onCode Dr awVLi ne( BYTE huge *| mage. unsi gned
Col . unsi gned Row. ' unsi gned Le ned
Col or) WO2UTIRow < | nageHei ght) && ((Row+Length) < = n&&é&ﬁs’yﬂ@)ﬁ

(Col < InmageWdt.h)) Lengt h+ +; whi | e(Lengt h-)

Put Pi xel I nl mage(| mageCol . Row + + . Col or): retur n(TRUE) el se
printf("DrawlLine Error: Coordi nate out of range\n"); printf(" Col =
%l Row = %l Length = %\ n". Col . Row. Lengt h): + return(FALSE) : }

voi d Readl mageAr eaToBuf (BYTE huge *Inmage, unsigned Col. unsigned Row.
WO 96/ 21171 : :

PCT/ CA95/ 00727 YL;( 67
unsi gned Wdth. unsigned Height, B uge *Buffer) unsi gned | ong

Pi xel Buf O f set = QOL: regi ster unsigned | mageCol. | nmageRow; for

(1 mgeRow=Row. | mageRow < RowtHei ght: | mageRow+ +): for (I nmageCol =Col ;
| mrageCol < Col +Wdth: | nageCol + +) ) _

£ c
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Buf fer [ Pi xel Buf O f set ++] =

Get Pi xel From ma_?le(l mage. | mageCol . | mageRow) : } void Wit el ppecosasnonBuf
(BYTE hu unsi gned Buf W dt h, unsi gned
Buf Hei ght . BYTE huge *I nmage, unsi gned | mageCol .
unsi gned | mageRow) { unsigned | ong Pi xel Buf O fset: register unsigned

Buf Col .- Buf Row. CurrentlnageCol: for (BufRow = 0: Buf Row < Buf Hei ght:

Buf Row+ +) { Current | mageCol = | mageCol : for (BufCol = 0: BufCol <
Buf W dt h: Buf Col + +) Pi xel Buf O0f f set = (unsi gned

| ong) Buf Row* Buf W dt h+Buf Col :

Put Pi xel I nl mage( | mage, Current | mageCol . | rageRow. Buf f er [ Pi xel Buf O fset]);
‘Current| mageCol + +; I mageROV\r4+/2 voi d C ear| mageAr ea( BYTE huge
*| mage. unsi gned Col . unS| gned Row. unsi gned Wdt h.

unsi gned Hei ght, unsi gned Pi xel Val ue) regi ster

unsi gned Buf Col.. Buf Row: for (Buf Row = 0: Buf Row < Hei ght: Buf Row++)

for (Buf Col = 0: BufCol < Wdth: BufCol + +) :
Put Pi xel nl mage( | mage. Buf Col +Col . Buf Row+Row. Pi xel
function checks to nake surg the parampteLs Lpas

functions are all thin range. If so a TRUEis'r %grﬁhd
message i s output and

[* This
mage processing
f not. an error
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the calling programis terninated. Conpl eti onCode

Par amteﬁﬁw unsi gned Col . unsi gned Row, ' PCT/CA95/00727
unsi gned ent. unsi gned RowExtent. -

char *Functi onNane) ({ if ((Col > MAXCOLNUM | | (Row > MAXROMWNUM ||
(*Col Extent > MAXCOLS) || (RowkExtent > MAXROWS)) { .. restorecronode();

printf("Parameter(s) out of range in function: %\n".Functi onNane):
printf(" Col = % Row = % Col Extent = % Rowkxtent = %d\n".

Col. Row. Col Extent. RowExtent): WD 96/ 21171

PCT/ CA95/ 00727 68

exi t (EBadPar ns) : return( TRUE); } 96/ 21171

PCT/ CA95/ 00727 : '5/2\5

PTPRCCES. H

69

.. .. .. .. .. '. .. .. .. .. '. .. ’.
0000000600000
000000000000
0 0006000000000
000000000000
. 000000000000
.C..............'.’.‘.....
0. 00000000000
00000000000
................0'.'....0.
@

Figure 10




/* |l rage Processing Header File */ [* Point Processing Functions */
[* witten in Turbo C 2.0 */ extern unsi gned H st ogran S)
/* Funct i%ﬂ’ﬁ’?b‘ﬂbtypes for support and histogram functions */ vol
InitializeLUT(BYTE *LookUpTable); void PtTransfornBYTE huge *I|nageDat a.
unsi gned - Col . unsi gned Row. unsigned Wdth.

unsi gned Hei ght. BYTE *LookUpTabl e); void GenH st ogram BYTE huge

*] mageeDat a. unsi gned Col . unsi gned Row. unsigned W dth.
unsi gned Height); void D spIayHlst(BYTE huge *1 mageDat a. unsi gned Col .

unsi gned Row. unsigned- W dt h. “unsigned Height); [/*
Poi nt transform functions */ void Adjlna eBri ght ness(BYTE huge *InageData;
short BrlghtnessFactor unsi gned Col .  unsi gned
Row. unsl gned dt h, unsigned Height); voi d
Negat el mage( BYTE huge *InageData unsi gned Threshol d.
unsi gned Col . unsi gned Row, unsi gned Wdth, unsigned
Hei ght) ; voi d Threshol dl mage( BYTE huge *|nmageData. unsigned Threshol d.
unsi gned Col . unsi gned Row, _ unsi gned Wdth. unsigned
Hei ght) : voi d Stretchl mgeContrast (BYTE huge *InmageData. unsigned

*Hi st oDat a. ' : unsi gned Threshol d.
unsi gned Col . unsi gned Row. unsi gned W dt h.
unsi gned Hei ght);
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WD 96/ 21171

PCT/ CA95/ 00727
/*******WO H?l***************************/ | * PTP&&E:@E{OK‘H7
*[ ] * | mmge Processing Code /* Poi nt Process Functions */ [*

witten in Turbo C 2.0 K[ [ kkkkRARK KKKk kkk kK AAXR KAk kkkk kA XXX Rk kk k% % [

#i ncl ude <stdi o. h> #include <stdlib.h> #i nclude <coni 0. h> #i ncl ude <dos. h>
#i ncl ude <al |l oc. h> #i ncl ude <process. h> #i ncl ude <graphi cs. h> #i ncl ude

"m sch” #include "pcx.h" #include "vga. h" #include "inmgesup. h" /*

Hi st ogram storage | ocation */ unsigned H stogranf MAXQUANTLEVELS] ; /*
Look -Up Table (LUT) Functions Initialize the Look Up Table (LUT) for

strai ght through mapping. If a poi ( formis performed on an
initiglized ° PRINg P [“7725 P : '

3

N .
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LUT. output data will equal input data. This function is usually called in
preparatl i.,limdlflcatlontoaLUT */ voi d I nitiali zetRidAsR00R27
*LookUpTa e?fa regi ster unsigned | ndex: for (Index = 0: Index <
MAXQUANTLEVELS: - | ndex++) - LookUpTabl e[ I ndex] = | ndex: Thi s
function perforns a point transformon the portion of the image specified
by Col.: Row, Wdth and Height. The acual transformis contained in the
Look Up Tabl e who address is -passed as a paranmeter. */ void

Pt Tr ansf or M BYTE huge *I| nageData. unsigned Col. unsi gned Row.

unsi gned Wdth, unsigned Height. BYTEX (é Tabl e) register

unsi gned | mageCol . | mageRow. reg 8@? )i gned Col Ext ent. RowExtent;
Col Extent = Col +W dt h: WD 96/ 21171 _

PCT/ CA95/ 00727
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71 RawExtent = RowtHei ght: | f '

(Par anet er Check OK( Col . Row. Col Ext ent . RowExt ent . " Pt Tr ansf ont")

(1 nageRO\AﬂR(?ﬁ/z“"ﬁageRow < RowExt ent: | mageRow++) ﬁcrlcg%’”

(I mageCol =Col : 1 nageCol < Col Extent: | nageCol + +)

Put Pi xel I nl mage( | mageDat a. | mageCol . | mageRow, _

LookUpTabl e[ Get Pi xel Fr om mage( | mageDat a. | mrageCol . | mageRow) | ) ; [* start of
hi stogram functions This function cal cul ates the histogram of any portion
of an image. */ void GenHi stogranm BYTE huge *InmageData, unsigned Col.

unsi gned Row, unsi gned Wdth, unsigned Hei ght) regi ster
unsi gned | mageRow. | mageCol . RowExt ent w &nt regi ster unsigned
| ndex: /* clear the histogramarray * or (lIndex=0: |ndex <
MAXQUANTLEVELS: | ndex+ +) H stograni | ndex] = 0; RowExt ent =
Rowt+Hei ght:  Col Ext eni Col +W dt h; | f
( Par anmet er Check OK( Col . Row Col Ext-e'm- RewExt e'l'rl—"'GE'l'rI'n'st'Ug'l'arTf‘ﬁ- { /*
cal cul ate the histogram */ (1 mageRow = Row. | mageRow < Rov]Ex X
| mgeRow+ +) g Ool = Col : ImageCol < [
+) Hi stogra t Pi xel'From rmage( | nageDat a. |
o e 2z —
gl
5 |
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This function cal cul ates and di splays the histogram of an image or parti al

I mge. Wen called it assunes the VGA is already in node 1 * voi d
D spl ayHWO#&MI#l huge *| mageData. unsigned Col. unsigned R%\#}%A’s'olwn

unsi gned Wdth. unsigned Hei ght) BYTE huge *Buffer: regi ster unsigned
Igpdex. LineLength. XPos. YPos: unsi gned MaxRepeat : /* Allocate enough
menory to save imge under histogram */ Buffer = (BYTE huge *)

farcal |l oc( (| ong) H STOW DTH* Hl STOHEI GHT. si zeof (BYTE) ) ; if (Buffer = =

NULL) printf("No buffer nmenory\n"); exi t (ENoMenory); /*
copy of the inmage */

Readl mageAr eaToBuf (| mageDat a. H S 97y 23]?( MH STOW DTH. HI STOHEI GHT.
Buffer); WO 96/ 21171 %/H

PCT/ CA95/ 00727
VGA col or register 65 to red. 66 to green and 67 to.

Save a
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bl ue so the histogram can be visually separated from the conti nuous t one

I mage. */ Set ACol or Reg( 65, 63, 0, 0); Set ACol or Reg( 66, 0, 63
Set ACol orwagé/g1170, 0, 63) ; /* Cal cul ate the histogram for W
GenHi st ogram( 1 nageData, Col, Row. Wdth. Height); -~ MaxRepeat = O; /*

R nd the pixel value repeated the nost. It wll be used for scal i ng.
for (Index=0: Index < MAXQUANTLEVELS: | ndex++) MaxRepeat. =

(Hi stogranil ndex] > MaxRepeat) ? Hi st-ograni | ndex] : MaxRepeat :
/* Fill background area of histogram graph */

Cl ear | mageAr ea( | ngeDat a. H STOCCOL. HI ST%?N Iégcw DTH. Hl STOHEI GHT. 67) : /*
Draw t he boundi ng box for the histogr: /

Dr awvLi ne( | mageDat a. H STOCOL. H STOROW . Hl STOHEI GHT- 1. BLACK) :
Dr awvLi ne( | mageDat a. HI STOCOL+H STON DTH 1 . HI STOROW HI STOHEI GHT- 1. BLACK):

Dr awHLi ne( | mage % STOROW +HI STOHEI GHT- 1. Hl STON DTH- | . BLACK) :
Dr awHLi ne( | mage STOROW HI STOW DTH-| .. BLACK) : /* Data base
l'ine */ Dr awHL Dat | SCOL. AXI SROWN AXI SLENGTH. WHI TE) :

, DrawHLi ne( | mageDa AXI . A SROW + | . AXI SLENGTH. WHI TE) : /* Now do

the actual histograxrend

| nto the | mage buffer. */ for (I ndex =
0: Index < MAXQUANTLRVELS: )

43

39

Figure 15



Li neLength = (unsigned)(((long) H stogranilndex] * MAXDEFLECTION) /

(1l ong) MaxRepeat); XPos = DATACOL + | ndex*2: YPo :IPKJ -
Li neLengtWO 9621171y awVLi ne( | mageDat a. XPos. YPos. Li neLengt h. 2%‘)1 W
Di splay the inmage overlayed with the histogram :

BGi spl ayl magel nBuf (1 mageDat a. NOVGAI NT. V\AI'TFCRKEY) /* After display.
restore i nmage data under histogram*/ - -

W i tel mageAr eaFr onBuf ( Buf f er . H STOW DTH. Hl STOHEI GHT | mageDat a.

HI STOCCOL. Hl STOROW ; farfree((BYTE far *)Buffer): } WO 96/ 21171
PCT/ CA95/ 00727

/-k
Various Point Transformation Functions 22&25%] | mageBr i ght ness( BYTE

huge *1 mageData. short BrightnessFactor, unsi gned
Col . unsigned Row. - unsi gned W dth. unsigned
Hei.ght) regi ster unsigned I|ndex; reg| ster i@rt]\l\kawl_evel BYTE

LookUpTabl e[ MAXQUANTLEVELS] ;
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for (I ndex = M NSAVMPLEVAL; | ndex < MAXQUANTLEVELS: | ndex++) NewLevel =

I ndex + BrightnessFactor: NewLevel = (NewLevel < M NSAMPLEVAL) ?

M NSAVPL EWRI9ISRE T ev el : NewLevel = (NewLevel > NMAXSAVPLEREWEAIS00727
MAXSAVPLEVAL: NewLevel : LookUpTabl e[ I ndex] = NewlLevel;

Pt Tr ansf orn( | mageDat a. Col . Row. W dt h. Hei ght . LookUpTabl e) ; This function
w Il negate an imge pixel by pixel. ‘Threshold is the value of i mage data

where the negatation begins. If threshold is 0. *all pixel values are
negated. That is, -pixel. value.0 becones 63 and pi xel value 63 becones 0. If
threshold is greater than 0. the pixel_values in the range O . Threshol d-|
“are .l eft alone while pixel values bet - hol d. .63 are negated. */
voi d Negat el mage(.BYTE huge | mageDat a. unsi gned Threshol d.

unsi gned Col . unsigned Row. - ~ unsigned Wdth. unsigned .
Hei ght)  register -unsigned I ndex: BYTE LookUpTabl e[ MAXQUANTLEVELS] :
-/* Straight through mapping initially */ InitializeLUT(LookUpTabl e);

/* from Threshol d onward. negate entry in LUT */ for (I ndex = Threshol d:
| ndex < MAXQUANTLEVELS: | ndex + +) , LookUpTabl e[ | ndex]. =
MAXSAMPLEVAL - | ndex;

Pt Tr ansf or n{ | mageDat a. Col . Row. W dt h_@ g@ I_@(UpTabI_ e):
| : [To kO NN

O~

' Yy v v '
SRR NN RSN NN RN RS NSRS,

Figure 17



Thls function converts a gray scale image to.a binary imge with each pixel
either on (WHITE) or off (BLACK). The pixel level at which the cut. off is
nmade is controlled by Threshold. Pixels in the range 0..Threshol d-'1 becone
bl ack whi |l e pi xel--val ues between Threshol d.. 63 becone white. */ WO
96/ 21171 . |

PCT/ CA95/ 00727 ' 74 void
Thr eshol dl nrage( BYTE huge *I mageDat a. unS|gﬁ%d Tht eshol d.

unsi gned Col . unsi gned ds_
Hei ght) reg| ster uns:%g:nedC Iprdw‘er .ar%wwoﬁaﬁ?wWAmLﬁELﬁﬁ >

for (Index = mumsnmﬁbﬁmAL1magﬁ§<havanmnninded|nhﬁnscaqn1ng of a physical

LookUpTabl e[ | f
NAXQJKI\I'?’LE?/I[EL%g& %H%%r by ngch(a!rﬂ.%?_lﬁ_.a I e[ I ndex]gj |1rE|£é<r Jbeam over a

Pt Tr ansf or m{ | m@e@am bsiliRad \wareeHaT L L IRe YRR WSS Cl}oudvd?id
Stret chl maggeCggl @%ﬁ;ﬁ%ﬂ% Mvéﬂﬁ@%ﬁ:lpﬂ.@lﬂm:’fﬂ Prdwplior screens

unsi gned Threin?a ‘cathode-ray tube, %ﬂ?l ne%w31c fgwlég$¥gt1ng a pliable
curved mirror to produce a variable focus version of the
conventional image formation device. All of these
techniques have proved to be cumbersome, difficult to both
10 manufacture and view, and overall not readily amenable to
deployment in the consumer marketplace. '

During the same period of time, a variety of
technologies relatlng to viewer-worn appllances emerged,
including glasses employlng two-colour or cross-polarized

15" filters for the separation of concurrently displayed dual
images, and virtual reality display headgear, all related
to the productioh of stéreopsis, that is, the perception of
depth through the assimilation of separate left- and right-
eye images. Some of these have produced stereo images of

20 startling dquality, aithough generally at the expense of
viewer comfort and convenience, eye strain,. image
brightness, and acceptance among a portion of the ﬁiewing
‘population who cannot readily 6r.comfortably perceive such
stereo imagery. Compounding this is the recently emerging

25 body of ophthalmological and neurological studies which
suggest adverse and potentially long-lasting effects from
the'extended use of stereo imaging systems, user- worn or

. otherwise. | )

Japanese patent publication 62077794 discloses a

30 2-dimensional display device on which an image formed by

discrete pixels is presented, the display device having an
array of optical elements aligned respectively in front of
" the pixels and means for individually varying the effective
focal length of each optical element to vary the apparent
35 visual distance from a viewer, positioned in front of the
display device, at which each individual pixel appears,

© AMENDED SHEET



unsi gned Wdth, unsigned Height) regi ster unsigned | ndex. NewM n.
NewVax : doubl e StepSiz. StepVval: BYTE LookUpTabl e[ MAXQUANTLEVELS] ;
L* ~ Search fromthe | ow bin towards the high bin for the first one that
exceeds the threshold */ for (I ndex=0: Index < MAXQUANTLEVELS:

| ndex++) I f (H stoData[lndex] > Threshol d) br eak: NewM n =

I ndex; * [* Search fromthe high bin towards the low bin for the first
one t hat exceeds the threshold */ for (I ndex=MAXSAMPLEVAL: | ndex >
NewM n: | ndexwhereby &f 3-digenSdoahlndashe> iEhresadled). br eak:

Newivax = | ndex: Ste
(doubl e) MAXQUANTLEVEL S/ P@%&bﬁ’@ff&eb&%&%lﬁéémﬁhe optical glements ip ghis ),
val ues bel ow depanesenpucdicaidongaee i@m&&ﬂ1mﬂd§lgﬁrﬁamath(ilqum@ex 0:

I ndex < NewM Br%EEg.?L)é"'aﬁli the floQ:%liU 8] lJrdexe 1&\4@'@%warled

val ues above new maxi mum are _assi g e max sanpl e val ue *

(| ndex=NeBbaxby| varydag anM&)l@QAmEE\lEIfselmé\@%-F‘-h varlea_ctémﬁdlﬂwqrﬁdex]
o 'r@(gﬁg/g%y/%bf the Cry¥dhaues behweapdiam RRuTirdgHPal St STRddIse s e
electrical connections directed to each microlens and
special packaging between glass plates is necessary.
Addltlonally, the change in effective focal length achieved
10 is very small requiring use of additional optical
components such as a large magnifier lens which both
renders the system unacceptably large and unduly constrains
the available lateral image viewing angle.
SUMMARY OF THE INVENTION
15 ' It is an object of the present invention to
provide an improved 3-dimensional imaging device in which
the short-comings of the éystem described in the above-

1dent1f1ed Japanese publication are overcome.
This is achieved 1n that each optical element has

20 a focal length which varies progressively along surfaces

oriented generally parallel to the image, and characterized
by means for displacing minutely within a pixel the
location at which light is emitted according to a desired
depth such that there is a corresponding displacement of an

25 input location of the light along an input surface of the

optical element whereby the effective focal length is
dynamically varied and the apparent visual distance from
the viewer varies according to the displacement of the
input location of light.

30 In one preferred embodiment the optical elements
are formed as one or more lenses but may be formed of
mirrors instead or indeed a combination of refractive and

- reflecting surfaces. |
_ In its simplest form, the pixels and overlying

35 optical elements are rectangular and the focal length of

each optical element varies prbgressively'along the length

AMENE._D SHEET



for (Index=NewM n: |ndex < = Newiax: |ndex+ +) WD 96/ 21171

PCT/ CA95/ 00727 _ 75
LookUpTabl e[ | ndex]. = StepVal; StepVal + = StepSiz; } /* Look Up Table is
now prepared to point transformthe i mage data. */

Pt Tr ansf or n( | mageDat a. Col , Roww dt h. Hei ght LookUpTabl e) ;

76 | CLAIM 1. A 2-di nensaonal display device on which
an i mage fornmed by discrete pixels is presented, the display device 5
havi ng an arr ayf cfh@pspebta®! ebemnéstal i gnethisspasej vehg entry pofingnpfof

| ength of each-BBtY ok S BRERFeRol taFgt Thoatdnb s 1enBrbis HARSVEEE
froma vi ewer,otlost t sloapes i of foptical elekenhs dndptypedevifcdispilamgment
each rndiVidqurgi%f%hin the scope of the invention. For example, the
5 optical elements may'be circular having a focal length
which varies radially with respect to the central optical
axis. In such a case the light enters as annular bands
which are displaced radially.
As well, while the variation in optical
10 characteristics within a pixel-level optical element is
~illustrated herein as being caused by variations in the
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10 appeaLS,_MQLla\Sdl mensi onal image is created, characterized
.in that each optical element (2) has a focal Iength whi.ch varies
progressmmmfn"ﬁu ces ori ented ~generally parallel to the imge,
and char ﬂ (18, 65) for displacing mnutely within a
pi xel the' 15 Ll olat$ or 5b 6b, 7b)-at. which light is emtted according
to a desired depth such that there is a coggespondlng di spl acenent of
an |nput | ocation (5, 6, 7) of the I'ight - along an input surface of the
optical el emen tggﬁ feby the effective focal “Fength is dynamically

var”l ed and the apparent visual distance (5a, 6a, 7a) fromthe viewer
vari.€s according to the displacenment of the input |ocation of light.

t2he ':pt | caA| di Ie ?glngﬁt gev |2 ae zaalﬁieaﬂsl%arlg éiti{?}lﬂmyll Rrice fta‘gaﬂ}}mﬂ zatl imagdat
is a refractofgrmed b g’ Fj‘flé”é:gete plxe1§ pres engﬁees%l a‘%'ndeci/l ia{;@u&?‘gf%gce
l pOS: Slemt %e38hav6.hgr faglt e.llrtraqd oifn cipitatc aflh e lresferretst Gi’]},ﬂ.gilﬁ’d m@qtelmlbﬁpemt 0
EI aimed in cl gir?'{hngg %%c?h g‘%{l@r 2Py mler?ntd‘&h &5 hlendopt | c"ﬁ%)'l' T ef"rj%\cl}%foi?%
el enents (2) aEfecaieeedolcaindengfthyicddieath ioptecadptalamentatter iy i the
whi ch t he ' Q.g:%)lsltofvn.s%f MG AR 1P LI &RRI Y el po ] Ofkhdd®in front

- of the display device, at which each individual pixel

10 appears, whereby a 3-dimensional image is created,

' characterized in that each opticél element (2) has a focal
length which varies progresSively along surfaces oriented
generally parallel to the 1mage, and characterlzed by means
(18, 65) for dlsplac1ng mlnutely within a pixel-the '

15 location (5b, 6b, 7b) at which llght is emitted according
to a desired depth such thét there is a correspénding
displacement of an input location (5,'6, 7) of the light
along an input surface of the optical element whereby the
effective focal length is dynamically varied and the

20 apparent visual distance (5a, 6a, 7a) from the viewer
varies accordlng to the dlsplacement of the input location
of light. '

2. A display'deViCe as claimed in claim 1
25 characterized in that the optical elements (2) are
refractory elements and the input surface is a refractory

surface.

3. A display device as claimed in claim 2
30 characterized in that the refractory surfaces are shaped to
provide the varying focal length.

C 4. A display device as claimed in claim 2
characterized in that the optical refractory elements (2)
35 are each made of gradient index optiéal materials in which
the index of refraction varies progressively along the

AMENCED SHEL



77. refractory el ement to produce the varying focal |ength. _ 5.

A di spl ay device as dinclaim2, 3 or 4 characterized in that

the 5 di spl acement and the focal length is
miirA di splay device as clained in claim2, 3 or 4
h

the reldmi ﬂl'ﬂ [m
|1 near ”"m"m ” «the rel ationship between the- di spl acenent and

charact &ri ged 1 m
the focdl length is non-linear. 10 7. 79 A display device as
claimed in any .of claims 2 to 6 characterized in that each optical

refractory el efEftactory (SD3méas of utE&nghsd wWaighnyarbealr adhakhy with
respect to an optical axis of the optical refractory elenent, and 15

the displacing means displaces radially within a pixel the | ocation
(40a, 4la, 42&.at whichaldbsbplay @svitedas claimed. in claim @i spl ay device

as claimed in gny of_ clai 2 t 6 char | zedh | t .each opti cal
refractory el ac('rﬁrlzﬁéﬁ 12 @I—‘%%g%?%_ éﬁgaﬁgéﬁéhigc%{%gw{g%gt ﬁﬁ\%hi chpvari es
along its5 displaderentm and the, faealt hendtbpiaylineas.di spl aces
linearly within a pixel the point at which light is emtted. 25 9.
A di spl ay device as clainmed in any preceding . claimcharacterized in
that the displ@ay device Andispbayodevice asfchaingd dncryaim 2di 3pPEy 4

devi ce, el ectroldl NESCLALE in thiEVERE POUapioASRigI BBLAKerehee as a
| i ght source. dinclaim8

characteri zed 4#?31;)1‘%&&‘{?%‘5 dRRPI é}g:jé‘gé%i f%ég}geggaﬁgglfﬂg&@ar' ray tube
(10). haviirg thereon a plurality of elongate phosphor pixels and in that
the means for_pjéplaC|nqA display device as claimed in any of claims 2 to
6 characterized in that each optical refractory element
(39) has a focal length which varies radially with respect
to ‘an ‘optical axis of the optical refractory element, and
15 the displacing means dispiaces radially within a pixel the

location (40a, 4la, 42a) at which light is emitted.

8. " A display device as claimed in any of claims 2 to
6 characterized in that each optical refractory element (2)
20 is elongate and has a focal length which varies along its
length from one end, and the display means displaces
linearly within a pixel the point at which light is

emitted._

25 9. A display device as claimed in any preceding
claim characterized in that the display device includes one
of a liquid crystal display device, electroluminescence
device and plasma display device as a light source.

30 10. A display device as claimed in claim 8
characterized in that the display device includes a cathode
¢« ray tube (10) having thereon a plurality of elongate
- phosphor pixels and in that the means for displacing .
linearly within a pixel the location at which light is
35 emitted comprises means (65) for displacing the electron
beam along each phosphor pixel. |
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finea_ere location at which light is 35 enitted
conpris ns (65) for displacing the electron . beam al ong each

thusgg?i@@%ﬂ"gﬂ”’””ﬁd ‘nclaim10  characterized in that the

el ectron beamis ect amgul ar - (66d) in cross-section. 5 12.
A display device as claimed in claim 10 characterized in that the
el ectron beamis oval (66c¢) in cross sectioh. 13. A

di spl ay devicgjas clai mgd 44 |.aj - r : : hzed in that
the pixels arg'lair.rangeq [ rﬁil%(?\?'sae}anrac?%celjacﬁﬂefrlglcti% zlerg,h?In@ﬁ\g{ot he di spl ay
device is a techaviasiterized imeddiatethmglartinamPedB isgreerangplags) for

extracting a (ngngR{Q% et i dor each pixel froma received signal and
means (60) for adding the depth conponent to the 15 conventi onal

hor i zont al scan | ne to cont rol the vertical | ével of the horizontal
zgﬁgi 'n'egespl xgh .b>1/4pl xeln m?i;g._tay l&ievidce ?&tsﬂﬂﬂﬂﬁﬂliaﬂitm statmlime (20) is

- . ) | ay .devi.ce as cl.aimed, in_clai 0.
char act er i zed TR 2R e 'ﬁi%tertgﬁ (§RRCHRIR iRSFP o1 d%‘ﬁéf Iz%g%gt ween
the indivi duakerepis eictalanent s

13. A display device as claimed in claim 10, 11 or 12

10 characterized in that the pixels are arranged in rows and
characterized in that the display device is a television
receiver having means (58, 59, 61, 62, 63) .for extracting a
depth component for each pixel from a received signal and
means (60) for adding tﬁé depth component to the

15° conventional horizontal scan line to control the vertical
level of the horizontal scan line pixel by pixel whereby a

stepped raster scan line (20) is obtained.

14. A display device as claimed in claim 2
20 characterized in that a minute interstitial gap is provided

between the individual optical elements.

15. _ A display device as claimed in claim 14
characterized in that a black opaque material fills the
25 interstitial gap.

16. A display device as claimed in claim 2
characterized in that the optical elements are provided as
an embossed sheet. of plastics material.
30 | _
. 17. A display device as claimed in claim 2
. characterized in that the optical elements are provided on
" a sheet of injection moulded plastics material.

35 18. - A display device as claimed in claim 2
characterized in that each optical element is a compound

AT i
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15.'_~—_—7N7ﬁ1xﬁfw~fkw4ce as clained in claim 14 characterized in

thap naterial fills the 25 Interstitial gap. - . 16.
A dIS %U aimed in claim2 characterized in that the
optlcak e ene rOV|ded as - an enbossed sheet of plastics

mat eri al . A display device as clained in claim?2
pharac;érlzed I n that the optical elenents e provided on a sheet of
i njection nmoul ded plastics material. 35 8. A di spl ay device as
ggﬁégﬁgd'n ¢l Yl e comFPPs ARG CLL ZE0aLP EQ@t1ﬁ&§01895lcéptﬁhﬁﬁent is a

_ evi ce
conpri si ng. at ¢eEgenemis i bt dbép) bpti cal conponents (Flg. 1(b)).
1ﬁ I A display device as clained in claim1l8 5 characterized in that
the at | east two individual, B optical 0 nentg are provided as at
| east two enbd%%ed sheet® fsplay %@%&??c@sggf%+ma EﬁaéWeggenented
toget her. chardkterized ihsphay €leyise Béaetatwadlndlvhdhaulﬂptical

components are provided as at least two embossed sheets of

plastics material which are cemented together.

20. A display device as claimed in claim 18

10 characterized in that the at least two individual optical
components are provided as at least two embossed sheets of
plastics material which are secured together at their.

edges. ' ' -

15 21. A display dévice as claimed in claim 8
chéracterized in that the display device is a viewer or
projector for a photographic film transparency (14) and the
means for displacing the point at which light is emitted
comprises a mask applied to each pixel of the transparency

20 such that a preselected transparent point (5c) is provided.

22, A method of forming a 3-dimensional image from a
2-dimensional image display formed by discrete pixels
comprising providing an array of optical elements
25 respectively in alignment in front of the pixels and
varying the effective focal length of each optical element
to vary the apparent visual distance from a viewer
positioned in front of the display at which each individual
pixel appears, characterized in that each optical element
30 has a focal length which varies progressively along
surfaces oriented generally parallel to the image and in
. that varying the effective focal length of each optical
" element comprises the steps of displacing immediately
within each pixel the location at which light is emitted
35 - from the 2-dimensional image, and passing the emitted'light
to optical elementé, the location at which the emitted
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10 characterized—i-n_that the at |east two individual optical

conmpon ovi ded as at |east two enbossed sheets of pl astics
mat eri 3’ m' (ﬂ!’ ﬂMLed together at their edges. 15 21. A
di spl ay *devi ed in claim38 characterized in that the display

device is a viewer or projector for a photographic filmtransparency
(14) and the nmeans for displacing theiﬂpint_at which light is emtted
conprises a nask applied to each pixel of the transparency 20 such that a

presel ected tra r . nol nat )i Vi - od of
formng a 3-dil%oﬁﬁl%%euéc?%rg%é.%&ééé-igider%aenms?%%sél &lgtr:r%ggl f‘s Ing%}e
fornmed by di semnargntkedepth of cegrpitely. provi ding an array of optical

el enents 25 respectively in alignment in front of the pixels and

varying the effective focal |ength of each optical elene t he

{ t tQ var
appar ent vi sud3 di st ance® TR 3 eRrding %S‘F}?’cfﬁé%lziﬁﬁ??:ﬁﬁ‘feﬁz?ae n
di spl ay ats whigyteadie i it Me4llladlements Xete apPLRAStoLPae Behent aedndnthieat

each optical elenent 30 has a focal |length_which_varies progressively
aong - su YRR G SRR FEFTEr 06 he RRBge aRatin ¢ ha
varying the efdefitaatoiwoslehengt h of each opti cal el ement conpri ses
the steps of displacing imediately within each pixel the |ocation at

which'light is enmtted 35 from the 2-dinensional inmage, and passing the
enmitted light 24. to opinetthed argerdindete oehaimn2at charagtenézed dned

80_ .10 that the optical elements are mirrors and the light engages

a reflecting surface of the associated mirror.

25. . A method according to claim 22, 23 or 24
characterized in that the step of displacing the location

15 at'which light is emitted from the 2-dimensional image,
cbmprises displacing the point linearly at which light is
emitted from thé 2-dimensional image.

26. A method accordihg to claim 22, 23 or 24

20 characterized in that the step of displaying the location
at which light is emitted from the 2-dimensional image
comprises displacing the location radially at which light
is'emitted-from the 2-dimensional image.

25 27. A display device as claimed in claim 1
characterized in that the optical elements are mirrors (76,
77) and the input surface is a reflecting surface.

28. A display device as claimed in claim 27
30 characterized in that each optical element comprises a
plane mirror (76) and a concave mirror (77).

© 29. A display device as claimed in claim 28
characterized in that each plane mirror (76) is formed as
35 one surface of a combined element (78) another surface of
which forms a concave mirror (77) of an adjacent pixel.
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Tight inpinges upon the optical elenents deternining the appar ent

depth of the prxet——23. A net hod according to claim22

¢har acterl that the optical elements are refractory el ements and
the ,’H mmﬂract ory surface of the associated
refractorye A met hod according to claim 22

char.actérized in 10 that the optical ele ts are mrrors and the |ight
engages a.reflecting surface of the associated mrror. 25.

A nethod accorgyng to clx;u&g[g%l 3%3&9& %f}gﬁﬁé&qﬁrbisgml Pt hg_ltl Bh}elz

step of dlsplacmgthelo Is emtted fromt
2- di mensi onal dhexpcterizedohprikat %h%pdmh@ﬂ%vb@?n%sl Pn@ﬁF‘PytﬁF V\/m ch

Clight is R id S {dPredhiSue fi BEOSE OPPled BBEver electZbnics hafting
met hod accord| ng to claim?22,~ 23 or 24 20 characterized in_that tlh% step

~of di spl ayi ng NeRNS e i@Lracting aufiepth | GPFPPRER £PEeRFENPLKEL Trom

2-di mensi gnal dd@Pereceive®Promes ébrﬁ;_ﬁhh@é?r ngnd h&eéﬂ@ai(ll.elﬂ Eaﬂl aldBy nat the
whi ch | i ght IS emttedfromt

si on
A display devidePHt QRMRPY n %I%tf“?‘n ‘ionvent?:%?gc]?%ﬁggﬂtﬁ PhHat ?ﬁge
optical el emerjixel eoyripixes yliéreby a Stgpped tastenp(eOluitaobthdned.
refl ecting surface. 28 A di splay device as clained in claim27
30 characterized in that each optical el ement corrprl ses a pl ane
mrror (76) afla concave prirted (gg)photographic 2-dimensional image

10 formed by discrete pixels and an array of microlenses
' aligned respectively with the pixels and applied to the 2-

dimensional image, each microlens having a. respective fixed
focal length chosen to portray the associated pixel at a
predetermined distance from the viewer. T

15 | .

32. A method of encoding a television broadcast

signal comprising the steps of generating a depth signal

for each pixel and adding the depth signal as a component

of the broadcast signal. ' . '

20 N , _
33. A method of decoding a television broadcast

signal encoded accofding to claim 32 comprising the step of -

extracting the depth signal component.

25 34. | A method of encoding a television broadcast
signal as claimed in claim 32 in which the step of
generating the depth signal comprises a triangulation
technique using two spaced cameras.

30 35. A method of encoding a television broadcast
signal as claimed in claim 32 in which the step of
¢ generating the depth signallcomprises the use of non-
* optical depth sensors. |

35 36. A method of retrofitting:B-D information to
conventional 2-D imaging, comprising the steps of
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9. A display device as clainmed in claim 28 characterized.-in that

each plane mirror (76) s—forred as 35 one surface of a conbined el enent
(78) anot her - which forns a concave mirror (77) of an

adj acent pi XH"’m mﬂﬁ!mwlwum _ 81 30.

A di spl ay devrcec as Cln =1n claim10, 11 or 12 characterized in
that thé display device is a conputer nitor and conputer based video
driver electronics having - means for extracting a depth component for

each pixel fr caﬁ%igcp%ﬂaaeafa{é%a&&’ef rrﬁ’érffnfﬂérpi&tl&:[vftﬁ‘gafe@lﬂ?eéég) 1hOEhe

addi ng the mponent to the conventional horjzontal scan [ine
pi xel by pi xelsagns eBssigninparl sreeEfiedojerih ofp sfael. oPJect 1x the A
printed or phQiQHAPM Ga R HIEASERNM xd TBOE diRe séongegndyadssghehg pixel s
and an array of mcrol enses al'1i gned respecti vel%/ Wt h thﬁ,gl xel s gnd
appl i ed to t h&empectiveidapish FRITPIRRES BACHF RIBPERS2AGOFRYNG to the
respective fi %cifiedqg@étﬂlgngth chosen to portray the associ ated pi xel
at a predeterm ned di'stance fromthe viewer. 15 32. A et hod
of encoding a tel evision broadcast signal .conprising the steps of
generating a depth signal for each pixel and adding the depth signal
as a conponent of the broadcast signal. 20 33. A net hod of
decodi ng a tel evision broadcast signal encoded according to claim 32
conprising the step of extracting the depth signal conponent.
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(57) Abstract

A 3-dimensional image is obtained from a 2-dimensional display by varying the apparent distance of the image from the viewer on
a pixe! by pixel basis. This is done by positioning an array of pixel-level optical elements in alignment with the pixels in the image. In
a preferred format, each of the optical elements is generally elongate and has a focal length which varies along its length with the result
that the point along its length at which light enters the optical element determines the apparent visual distance of the associated pixel from
the viewer. In the case of a cathode-ray tube application, controlling the position of entry of the light is done by controlling the electron
bemnmmoveammuwdxstancevemeallyasntscmhonzonully In a television application, the vertical distance may be determined by
a depth component incorporated in the broadcast signal received by a television set. Applications and embodxments relating to computer
monitors, film and still printed imagery are also described. ,




