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3-D IMAGING SYSTEM 

BACKGROUND OF THE INVENTION 

PCf/CA95/00727 

The present invention relates to 3-dimensional 

image display techniques and, in_ particular, to such a 

5 technique in which the use of special headgear or 

spectacles is not required. 
The p·resentat ion of fully 3-dimensional images 

has been a serious technological goal for the better part 

of the twentieth century. As early as 1908, Gabriel 

10 Lippman invented a method for producing a true 3-

dimensional image of a scene employing a photographic plate 

e·xposed through a "fly' s eye" lenticular sheet of small 

fixed lenses. Th~s technique became kRown as "integral 

photography"; and display of the developed-image was 

15 undertaken 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-component 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 NQ. 4,957,311 or US Patent No. 4,729,017, to: cite 

30 recent relevant examples). Most of these suffer from a 

common series of deficiencies, which include severe 

restrictions 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 images, and in many, parallax viewable 1n only one 

direction. 
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TH.IS SHEET HAS BEEN 
REPLACED 

Other prio·r art techn1qu·es for generating real 3-

dimensional. images have ·included the scanning of a physical 

volume, either by mechanically s~ann~ng a laser beam over a 

rotating helical screen or diffuse vapour cloud, by 

5 sequent_ially activating multiple internal. phosphor screens 

in a cathode-ray tul:>e, or by physically deviating 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. rel~ting ~o viewer-worn applianc~s e~erged,. 

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 'quality, 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 comfor~ably 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 .. 
SUMMARY OF THE INVENTION 

30 The present invention is 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 

( 

I 
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image ~Y varying the distance of the image from the viewer 
. . 

pixel by individua~ pixel. The invention employs an array 
- . . . 

of extremely small, specially designed optical elements 

which are formed such that the focal length of such 
. . 

element, varies across the surface of the optical element. 

By minutely displacing the entry point at Which light is 

inp\Jt to these optics for different pixels within an image, 

a_complete image is presented to the viewer in which 

certain elements are closer to the viewer and others· 

10 farther, just as in a real~world scene. The scene 

presented is orthoscopic, and the viewer's eye focuses 

neare~ for nearer parts of the image, and farther for 

farther parts of that image. 
The.present invention expressly does·~ot rely.for 

15 the perception of depth upon ·the presentat.ion 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 

optical 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 ·t~e 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 
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shape of physical element surfaces,·· we have successfully 

experime~ted in our laboratory with creating such variation 

in opt_ical characteristics through the· use of gradient 

index optical materials, in which the index of refraction 

5 varies progressively across an optical element. 

The relationship between the focal length and 

displacement m_ay· ·be linear. or non-.linear. 

A variety of devices may be employed for · 

providing pixel-level light input to the array of pixel-

10 level optics. In one embodiment of the invention, this 

lig~t input device is a cathode-ray tube placed behind the 

array of optics, such that a line of light may be scanned . 
horizontally behind each row of pixel-leve~ optics, and .. 

presented at a minutely different vertical displacement 

15 from the scan li~e as it passes behind each optic. In 

different embodiments, the light input device may be a flat 

panel display device employing technology such as liquid 

crystal, electroluminescence or plasma display devices. 

Electroluminescence devices include LED (light emitting 

20 diode) arrays. In all of these embodiments, motion imagery 

is presented by scanning ent.ire images sequentially, in 

much the same fashion as with conventional 2-dimensional 

mot ion imagery. In this fashion, mot.ion. imagery may be 

presented at ~rame 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 h.erein have successfully operated in our 

laboratories' at frame rates ranging up to 111 frames per 

30 second. 
In still another preferred embodiment, pixel­

level, whole image illumination may come from specially 

· prepared motion picture or still photography transparency 

film, in which each frame of film is illuminated from the 

35 rear conventio~ally, but viewed through an array of the 

same type of pixel-level optics as above~ In this 
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embodiment, each -transmitted light pixel within each 

transparency frame is placed specifically along the linear 

entry surface o~ the optics such that its vertical po1nt of 
. . 

input generates_ a point of light plac~d at the specific 

5 distance from the viewer at which tha~ particular pixel is 

·desired to be perceived, just as in the electronically 

illuminated embodiments above. Such conventionally known 

systems include projecting the 3-D imagery into free space 

by reflectio.n. from a concave mirror or similar. image-

10 launching optics. This technique is significantly more 

compelling than such projection of conventional, flat 2-D 

imagery, in that the projected ~-D imagery standing in free 

space has in fact real, viewable depth.· To date,. we have 
. . . 

successfully empioyed concave mirrors of spheti~al, 

15 parabolic and hyperbolic math·ematics of curvature, but 

other concave shapes are clearly possible. 

In all of these embodiments, the 3-dimensional 

image may be viewed directly, or employed as the real image 

source for any conventionally known real image projection 

20 system. 
BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of t.he 

present invention will become apparent from the following 

description, viewed in conjunction with. the attached 

25 drawings. Throughout these drawings, like parts are 

designated by l1ke·reference numbers: 

30 

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

a pixel-level optical device, viewed obliquely from the 

rear. 
FIG. l(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 
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light appears. 
FIG. 3(a) illustrates how this varying input 

illumination to a .pixel-levei opticai·dev1ce may be 
J?rovided in one preferred embodiment by a cathode-ray tube. 

s FIG. 3(b) illustrates a different view of the 
varying input illumination, and the alignment of the pixel­

level optics with pixels on the phosphor layer of the 
cathode-ray tube. 

FIG. 3(c) illustrates the relationship between 
· 10 the size and aspect ratio of the colli~ted input beam of 

light to the size and aspect ratio of the pixel-level 
optical device. 

FIG. 4(a) illustrates how an array_ o.f pixel-level . . . . 
optics is presented across the front of an illumination 

15 source such as the cathode-ray-tube 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 illustrates the manner in which the depth 
20 signal is added to the horizontally scanned raster lines in 

a television or computer monitor image. 
FIG. 6 illustrates how the specific point of 

light input to pixel-level optics may be varied using 
motion pictur~ film 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 display of 3-dimensional motion pictures. 

30 FIG. 8 illustrates a method whereby the depth 
component of a recorded scene may be derived throu_gh image 

capture which employs one main imaging camera and one 
secondary camera. 

FIG. 9(a) illustrates the process by which a 
35 depth signal may be retroactively derived for conventional 

2-dimensional imagery, thereby making that imagery capable 
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of being d~sp_layed in 3 dimensions on a suitable display 
·device. 

FIG. 9(b) illustrates the interconnection and 
operation of image proces~ing devices _which may be employed 

5 to add depth to video imagery according to the process 
illustrated in ~ig. 9(a). 

FIG. 10 illustrates the application of the pixel­
level depth display techniques derived in the course of 
these developments to the 3~dimensional display of printed 

10 images. 
FIG. 11 illustrates the energy distribution of 

the conventional NTSC video signal, indicating the 
luminance and chrominance carriers. 

FIG. 12 illustrates the same NTSC · v·ideo signal 
15 energy distribution, but with the depth signal encoded into 

the spectrum. 
FIG. 13(a) illustrates 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-r~y tube. 
FIG. 13(b) illustrates the same circuitry with 

the addition of the circuitry 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 b~am 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 pixel-level 
optical structure in which the position of the input light 
varies radially rather than linearly. 

FIG. 16 is similar to.FIG. 2 but illustrating an 
alternative means for varying the visual distance from the 

35 viewer of light emitted from an individual pixel. 
FIG. 17 illustrates how the arrangement shown in 
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FIG. ·16 is· achieved in a· practical embodiment. 

PETAILED DESCRIPTION OF·THE PREFERRED 

EMBODIMENT OF THE INVENIION . 

Fig. l(a) illustrates in greatly magnified form 

s one possi~le embodiment of an optical element 2 employed to 

vary the distance from the viewer at which a collimated 

point of light input into this device may appear. For 

reference purposes, the- size of such an optical element may 

vary considerably, but.is intended to match the size of a 

10 display pixel, and as such, will be typically, for a 

television monitor, in the order of 1 mm 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 s mm wide and 15 mm 

15 high, a size intended for applicat.ion 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, howev~r, no suggestion 

maqe that these are the only, or even preferred, optical 

25 materials from which such pixel-level optics may be 

fabricated. 
In Fig. l(a) the pixel-level optical element is 

seen obliq1,lely from the rear, and as may be seen, while the 

front surface l 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 light is projected 

35 through the optical device in the direction of the optical 

axis 3, and as may be seen, the collective optical 
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refracting surfaces of the device through which that 

collimated light beam passes will va·ry as the beam is moved 

in input point from the top to the bottom of the device. 

Although the embodiment illQstrated in Figure 

5 1 (a) possesses one fixed surface and one variable surface,· 

variations on this design are possible in which both 

surfaces vary, or in which there are more than two optical 

refracting surfaces. Figure l(b}, for example, illustrates 

a second embodiment in which the pixel-level optics are a 

10 compound optical device composed of three optical elements. 

Tests in the laboratory suggest that compound pixel-level 

optical assemblies may provide improved image quality and 

an improved viewing angle over singl~ eiement optical 

assemblies and in.fact the most successfui embodiment of 

1·s this technology to date employs 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 

~o 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 elemen~ ~. A collimated 

beam of light 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 space Sa, 6a or 7a, corresponding to the particular 

previously described.and numbered placement of input beams. 

Although points Sa, 6a and 7a are in fact vertically 

displaced from one another, this vertical displacement is 

not detectable by the observer, who sees only the apparent 

35 displacement in depth. 
Fig. 3(a) illustrates how, in one preferred · 

_J __ 
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embodiment of this. invention; each individual pixel-level 

optical device may be placed against the surface of a 

cathode-ray tube employed as the illumination source. In 

_this drawing, optical element 2 rests against the glass 

5 front 8 of the cathode-ray tube, behind which is the 

conventional layer of phosphors 9 which glow to produce 

light when impacted by a projected and collimated beam of 

electrons, illustrated at different positions in this 

drawing as beams Sb, 6b and 7b. For each of these three 

10 - illustrative electron beam positions, and for any other 

beam position within the spatial limits of the pixel-level 

optical device, a point of light will.be. input at a unique 

point on the back of the pixel-level optics.- The' vertical· . . 
position of the e~~ctron beam may be v~ried using entirely 

15 ~onventional electromagnetic beam positioning coils as 

found on conventional 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 is, substantially over 100 frames per 

20 second, may require 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 arrangement, 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, -adjacent phosphor pixels 

30 35, of which 9.are presented, will be of 3 different 

colours .:!.S in a conventio·nal 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 

obsetving the phosphor pixel represented by shading, the 
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electron beam scanning this phosphor pixel_ can be focused 

at any point along the length of the phosphor pixel, 

illustrated here by the same 3_representative electron 

beams Sb, 6b and 7b. The result is that the point at which 

5 light is emitted is displaced minutely within this pixel. 

Fig. 3(c) illustrates the importance of the size 

and aspect ratio of the beam of light which is input to 

pixel-level optical device 2, here shown from the rear. 

The visual display of depth through a television tube is 

10 more akin in resolution requirement to the display of 

chrominance, or colour, than to the display of luminance, 

or black-and-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 reli[i.t,ively high resolution 

15 luminance component of the image, over which a lower 

resolution chrominance component is 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, t~e 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 it 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, is 

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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providing the prospect of a greater ranger.of .view~ble 
. . 

depth in the resulting image, but on the other hand, this 

is at the expense of a cross-sect·ional illuminating beam 

. area which is only approximately 36 per cent of t~at of 

5 beam 66a. In order to maintain comparable br~ghtn~ss in 

the res~lting image, the intensity of input beam 66b will 

have to be approximately 2.7 times that of beam 66a, an 

increase which is entirely achievable. 

Beam 66c is as wide as the pixel-level optical 

10 device 2, but is a horizontal oval of the height of beam 

66b, that is, only one-fifth the height of optical device 

2. This resulting oval cross-section o.f the illuminating 

beam is less br~ght tl')an circular beam 66a, .but almost · · 

twice as bright as smaller circular beam 66b. This design 

15 is highly functional, and is second only to the perfectly 

rectangular cross-section illuminating beam 66d. This is 

in fact the beam cross-section employed in our latest and 

most preferred embodiments of the invention. 

Fig. 4(a) illustrates how the pixel-level optics 

20 2 are arranged 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 

25 across a row of pixel-level optics, its vertical 

displacement is altered individually for each pixel, 

producing a horizontal scan line which is represented for 

illustrativ~ purposes as line 15, shown both as a dotted 

line behind the pixel array and separately for clarity as a 

30 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 fr.om the 

midline of the scan for each individual pixel, thereby 

creating an image which, varying in its distance from the 

35 viewer as it does pixel by individual pixel, contains 

substantial resolution in its ~epth perception. 

I 
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Experience ~as sh¢wn that a minute interstitial 

gap between the individual. pixel-level opti·cal elements 

minimizes op~ical "cross-talk" between optical elements, 

resulting in enhanced image clarity, ~nd that this 

5 isolation of the optics can be fu~ther enhanced by the 

intrusion of a black, opaque material into these 

interstitial spaces. Inter~titial gaps on the order of 

0.25 mm have proven to be quite successful, but gaps as 

small as 0.10 mm have been demonstrated,_and have 

10 functioned perfectly as optical isolators, most especially 

when infused with the opaque material referred to above. 

Arrays of these pixel-level optics have been 

built through the process of manually _attaching .each 

individual optic to the surface of an appropr.1ate 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 a~rays of optics into 

thermoplastic materials to produce a "pressed" replica of 

the master which is then cemented, in its entirety, to the 
. ~· 

surface 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, information-rich media such 

as laser discs and compact discs, media typically 

replicated With great accuracy and low cost in inexpensive 

30 plastic mat.erials. 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 lab~ratory arrays of 

35 pixel-level optics through the technique of injection 

moldin~. To date, three layers of different pixel-level 
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opt 1cs, each representing a d1ff erent ·opt 1cal ·element, have 

been successfully aligned to produce ail array Of 3-element 

micro-optics. In some preferred embodiments, these layers 

are cemented to assist in maintaining: alignment, but in 

5 others, the layers are.fixed at their edges and are not 

cemented together. 
In the placement of the pixel-level optics onto 

the surface of the cathode-ray or other light-generating 

device, precise alignment of the optics with the underlying 

10 pixels is critical. Vertical misalignment causes the 

resulting image to have a permanent bias in the displayed 

depth, while horizontal misalignment caµses constraint of 

the lateral viewing range afforded by the 3-D.display 

device. As well, the optical linkage between the light-

15 generating pixels and the input surface of the pixel-level 

optics is enhanced by minimizing where possible the 

physical distance between the illuminating 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 to which the optics ~r~ applied should be of the 

minimal thickness consistent with adequate structural 

integrity. In large cathode-ray monitors, this front 

surf ace may be as thick as 8 min, but we have successfully 

illustrated 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 constructed in which the pixel-level_ optics 

have actual~Y been formed from the front surface 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 which the 

rows are straight, and aligned pixel to pixel with the rows 

both above and below. This pattern of pixels and optics 

35 produces highly a~ceptable 3-D images, but should not be 

assumed to be the only such pattern which is possible 
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within the invention. 
Fig. 4(b) illustrates a second preferred pattern 

of pixels 35 in which horizontal groups of three pixels are 

vertically off-set from those to the left and right of the 

5 group, producing a "tiled" pattern of three-pixel groups. 

As this configuration has been. built in the· laboratory, the 

three-pixel groups, comprise one .red pixe.1 35r, one green 

pixel 35g and one blue pixel 35b. As in a conventional 2-D 

television tube,. colour images are built up from the 

10 relative i.llumination of groups, or "tr-iads" of pixels of 

these same three colours. A different ordering of the 

thr-ee colour-s is possible with~n each triad, but the order 

illustr-ated in Fig. 4(b) is t.he embodiment which ha.s been 

buiit to date in our laboratory. 

15 Fig. 5 illustrates the minute modification by the 

depth signal of the horizontal scan lines in a r-aster image 

such as a conventional television picture. In the 

conventional cathode-ray.television or- computer monitor 

tube shown at the top right of Fig. 5, each individual 

20 pictur-e in a motion sequence is produced by an electron 

beam which scans hor-izontally line by line down the screen, 

illustrated in FIG. 5 by four representative scan lines 17. 

This highly regular scanning is controlled within the 
. . 

electronics of the television or computer- monitor by a 

25 horizontal scan line generator 16, and not even variations 

in the luminanc.e 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 is physically effected through the use of a 

depth signal generator 18 whose depth signal is added 

through adder 19 to the straight horizontal lines to 

35 produce the minute variations in the vertical position of 

each hor-izontal scan line, producing lines which 
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representatively resemble lines 20. The dept·h signal 

generator portrayed in Fig. 5 is a generic fun.ctional 

representation, in a television set, the depth signal 

generator is the conventional video sigria.l decoder which 

5 currently extracts lwn1nance. chrom1riance and timing 

information from the received video signal, arid which is 

now enhanced as described below to extract depth 

information which has been encoded into that signal in an 

entirely analogous fashion. Similarly, in a computer, the 

10 depth component generator is the software-driven video 

card, such as a VGA video card, which currently provides 

luminance, chrominance and timing info~mation to the 

computer monitor, and Which will also provide. software-· 
. . . . . 

15 

driven depth information to that monitor. 

Fig. 6 illustrates the manner in which a film 

t~ansparency 14 may be employed to provide the controlled 

input illumination to the pixel-level optical device 2 in 

another preferred embodiment of the invention. In this 

example, the portion of the film which is positioned behind 

·20 the illustrated optical element 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 Sc is allowed through the transparent point in 

25 the film to pass through optical element 2. As may be 
. . 

seen, this situation is analogous to the situation in FIG. 

3, in which a controlled electron beam in a cathode-ray 

tube was used to select the location of the illumination 

beam. The film 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 

pictured for illustrative 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 
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on film strip 13 is back-lit conventionally and the 

resulting image focused through a conventional projection 

lens. system, here represented by the dashed circle 22, .onto 

array 11, which is coaxial with film strip 13 and 

5 projection lens 22 on- optical axis 23. The 3- dimensional 

image generated may be viewed directly or may be employed 

as the image generator.for a 3-dimensional real image. 

projector of known type. As well, the 3-dimensional images 

generated may be viewed as still images, or in sequence as 

10 true 3- dimensio~al motion pictures at the same frame rates 

as conventional motion pictures. In this embodiment, the 

individual pixels in film strip 13 may be considerably . 
smaller than those utilized for television display, as the . . .. . . . . 

resulting pixels are intended for expansion on projection, 

15 the resolution a~vantage of photographic 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 1n a 

scene, that is, the distance of any object within the scene 

from the main imaging camera. A scene to be captured, here 

viewe~ from above, 1s represented here_by_a solid rectangle 

24, a solid square 25 and a solid ellipse 26, each at a 

25 different distance 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 th~ scene in its principal detail from the 

artistically preferred direction. A secondary camera 28 is 

30 pos.itioned at a distance from the first camera, and views 

the scene obliquely, 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 
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may be done, and the resulting depth signal generated, is 

in a post-product ion stage,. in Which the calculations 

related to the generation of the depth ·signal are done 

"off-line", that is, after the fact of image capture, and 

5 generally at a site remote from· that "image capture and at a 

pace of depth signal production which can be unrelated to 

the pace of real-time image capture. A second preferred 

manner of depth signal generation is that of performing the 

requisite calculation in "real-time"~ that is, essentially 

10 as the imagery is gathered. The advantage of the real-time 

depth signal generation is that it enables the production 

of "live" 3-dimensional imagery. The CQmputing 

requirements of real-time production, however,. are 

substantially greater than that of an ••off-line'' 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 

conducting the required computation in real-time which is 

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, ie. digital image 

processors CDIP'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 secondary camera may generally be 

of somewhat lower imaging quality than the main imaging 

camera, and-therefore of lower cost. Specifically within 

mot~on picture 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 opposed to conventional filmed 

stereoscopic techniques, in which two cameras, each 

employing expensive 35 mm. or 70 mm. film, must be used 

35 because each is a main imaging camera, our technique 

requires the use of only one high quality, high cost camera 



WOH/21171 PCT/CJ.95/00727 

19 

because there is only one main imaging camera. 

While this comparative analysis of two images of 

the same-scene acquired from different angles has proved to 

be most successful, it is also possib~e to acquire depth 

5 cues within a scene by the use of frontally placed active 

or passive. sensors which may not be -inherently imaging 

·sensors. In the .laboratory, we have successfully acquired 

a complete pixel-by-pixel depth assignment of a scene, 

referred to within our lab as a "depth map", by using an 

10 array of commercially_ available ultrasonic detectors to 

acquire reflected ultrasonic radiation which was used to 

illuminate the scene. Similarly, we have successfully . 
employed a scanning infrared detector to progressively 

acquire reflected· infrared radiation which -wa~-usedto 

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, th~repy enabling the 

process of retro-fitting 3-D to conventional 2-D imagery, 

25 both film 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 is 

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 

workstati~n 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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each object may be dealt with individually for the purposes 

of· retrofitting depth. Where the software is unable to 

adequately define and separate objects automatically, a 

human Editor makes judgmental clarificat·ions, using a 

5 mouse, a light pen, touch screen and· stylus, or similar 

pointing device.to outline and define objects. Once the 

scene is separated into individual objects, the human 

Editor arbitrarily defines to the software the relative 

distance from the camera, i.e. the apparent depth, of each 

10 object in the scene in turn. The process is entirely 

arbitrary, and it will be apparent that poor judgement on 

the part of the Editor will result in distorted 3-D scenes 
. . 

being produced. 
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 operation of equipment 

which may be employed to add depth to video imagery 

according to this process is illustrated in Fig. 9(b). In 

this drawing, an image processing computer workstation 70 

with an embedded video digitizer 11· controls an input video 

30 tape recorder (VTR) 72, and output video tape recorder 73, 

and a video matrix switcher 74 (control is illustrated wi:.:h 

the dashed lines in Fig. 9(b), and signal flow with solid 

lines). The video digitizer accepts a frame of video from 

the input VTR through the matrix switcher on command from 

35 the workstation. The frame is then digitized, and the 

object definition process described in Fig. 9(a) is applied 
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to the resulting digital scene. When the depth signal has 

been calculated for this· frame, the same frame is input to 

an NTSC video generator 75 along with the calculated depth 
. . . . . . . 

component, which is added to the videq frame in the correct 

5 place in the video spectrum· by the NTSC generator. The 

resulting depth-encoded video frame is then written out to 

the output VTR 73, and the process begins again for the 

next frame. 
Several important points concerning this process 

10 have emerged dur~ng its development in the labora~ory. The 

first such point is that as the depth component is being 

added by an NTSC generator Which injects only the depth 

15 

component without.altering 
the original ·image portion 

the output VTR without the 

any Other aspect Of the Sign~l, . 
o~ the signal maybe· written to 

necessity for digitizing the 

image first. This then obviates the visual degradation 

imparted 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 video copy-· process, ~degradation which is minimized by 

utilizing broadcast format "component video" analog VTR's 

such as M-II or Betacam devices. Of course, as is 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 is 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 

output 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 



W09'/21171 . PCl'/CA95/00727 

22 

may be put under computer ·control, and may ~e therefore 

operated most conveniently from a single computer console 

rather than from several separate sets of controls. Given 

the availability of computer controlllible broadcast level 
.. 

5 component VTR's and other recording devices, both analog 

and di·gital, certain aspects of ·the depth addition process 

may be semi-automated by exploiting suc~·computer-VTR links 

as the time-consuming.automated rewind and pre-roll. 

The fourth such point is that the software may be 

10 endowed with certain aspects of what is commonly referred 

to as "artificial intelligence" or "machine intelligence" 

to enhance the quality of depth'additio~ at a micro feature 

level. For example, w~ have. developed in the . lab. 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 

ear&, 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 

automatical~y and without additional input from the Editor, 

the~eby aiding in simplifying a~d speeding the process. Of 

30 course, the process will once ag~in require Editorial input 

should a new ob~ect enter the scene, or should the scene 

perspective change inordinately. We have developed in the 

lab and are currently refining techniques based in the 

field of artificial intelligence which automatically 

35 calculate changes in depth for individual objects in the 

scene based upon changes in perspective and relative object 
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size for aspects which are ~nown to ~he_ software. 

The sixth such point. is that .when working with 

still or motion picture.film as the input and output media, 

the ~nput VTR 72, the output VTR 73 and the video matrix 

5 switcher 74 may be replaced, respectively, with a high 

resolution film scanner~ .a digital data. switch and a high 

resolution film printer. ';l'he remainder of the process· 

remains essentially the same as for the video process~ng 

situation described above. In this circumstance, the 

10 injection. of the depth signal using the NTSC generator is 

obviated by the film process·outlined in Figure 8. 

The seventh such point is that when working in an 

all-digital recording environment, as in comput~r-based . . 
image storage, the input VTR 72, the output vTB 73 and the 

15 video matrix are switcher 74 are effectively replaced 

ent.1rely 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 me.ss 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. 
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 level depth d~splay techniques derived in the course of 

these developments to.the 3-dimensional display of printed 

images. Scene 32 is a conventional 2-dimensional 

photograph or printed scene. A matrix 33 of pixel-level 

microlenses_(shown here exaggerated for clarity) is 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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at· a different apparent depth to the viewer's eye. Viewed 

greatly magnified in cross section 34·· each m1crolens may 

be seen to be specific in shape, and therefore optical 

characteristics, so as to provide the appropriate 

5 perception of depth to the viewer from its particular image 

pixel. While microlenses with diameters as small as 1 mm 

have been utilized in our laboratories to date, experiments 

have been· conducted with fractional mm microlenses which 

conclude that arrays of lenses of this size are entirely 

10 feasible, and that they will result in 3-0 printed imagery 

with excellent resolution. 

In mass production, it is anticipated that the 

depth signal generating techniques described herein will be . . . . .. 

employed to produce an imprinting master, from Which high 

15 volume, row cost_microlens arrays for a given image might 

be, once· again, embossed into impressionable or 

thermoplastic plastic materials in a fashion analogous to 

the embossing of the data-carrying surf aces 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 printed imagery for inclusion 

in magazines, newspapers and other printed media. While 

the matrix 33 of microlenses is portrayed as being 

rectangular in pattern, other patterns, such as concentric 

25 circles of microlenses, also appear to function qu.ite well. 

It is important to note that the picture, or 

luminance, carrier in the conventional NTSC video signal 

occupies s~gnificantly greater video bandwidth than either 

of the chromlnance or depth sub-carriers. The luminance 

30 component of an NTSC video picture is of relatively high 

~ef init .ton, and is often characterized as a picture drawn 

with "a fine pencil". The chrom1nance 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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black-and-white picture. The depth signal in the present 
invention is in style more similar to the colour signal in 
its limited information content requirements than it is to . . . 

. . -· 
the high definition picture carrier. : 

One of the critical issues. in video signal 
management -is that of how to encode information into the 
signal which was not present when the original was 
constructed, and to do so without confusing or otherwise 
obsoleting the installed.base of _television receivers. 

10 Fig. 11 illustrates the energy distribution of the 
conventional NTSC video signal, showing the picture, or 
luminance, carrier 36, and the. chrominance, or colour 
information, carrier 37. Al.l of the fnformation iJl th~ 
video spectrum ~s carrier by energy at separated frequency 

15 intervals, here represented ·~Y separate 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 construct, 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 carI"ier 36 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 occupies approximately 1.5 MHz of bandwidth, centred on 
3.579 MHz, while the depth sub-carrier occupies only 
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approximately 0.4 MHz, centred on 2.379 MHz. Thus, the 

chrominance and depth sUb-carriers, each interleaved with 

the luminance carrier, are sufficiently separated so as not 

to interfere with each other~ While tl'ie stated sUb-carrier 

5 frequency and occupied.bandwidth work ·quite well, others 

are in fact possible. For example, in experiments 

conducted in the lab, we have successfully demonstrated 

sUbstantial reduction of the stated 0.4 MHz. bandwidth 

requirement for the depth sub-carrier by applying well-

10 known compression techniques to the depth signal prior to 

insertion into the NTSC signal, this is followed at the 

playback end by decompression upon extraption and prior to 

its use to drive a depth-displaying imaging device. As · . . . 

well, similar approaches to e~edding the depth signal into 

15 the PAL and SECAM video formats have been tested in the 

lab~ratory, 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 variety of image 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-~ary from brand to brand and from model to 

mode_l, the essentials· remain the same. 

30 In this diagram representing the conventional 

design c. a television receiver, ·the object is to generate 

. a sweep ~f the scanning electron beam which is consistent 

and synchronized with the incoming video signal. Signal is 

obtained by Tuner 49 and·amplified by Video IF amp SO, then 

35 sent to Video detector 51 to extract the video signal. The 

output of the video detector 51 is amplified in Detector 

-·· .. I 
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OUt Amp 52, further amplified in the First Video Am~lifier 

53, and passed through a Delay Line 54. 

Within a conventional video signal, there are 3 

major components a the luminance (that .is, the brightness, 

5 or "black-and-white" part of the signal); the chrominance 

(or colour part), and the timing part of the signal, 

concerned with ensuring that everything _happens according 

to the correctly choreographed plan. Of these components, 

the synchronization information is separate~ from the 

10 amplified signal in the Synchronization Separator 55, and 

the vertical synchronization information is then inverted 

in Vertical Sync Invertor 56 and fed to the Vertical Sweep 

generator 64. The output of this sweep generator is fe~ to 

. the e.1ectromagnetic coil in the cathode-ray· ·tube ·known ·as 

15 the Deflection Yoke, 65. It is this Deflection Yoke that 

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 var·iations in this straight electron 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 of 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(a), and those inside (that dashed line represent 

additions required t~ 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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Because th~ encoding .process. is the same., the signal 

containing the depth.component may be amplified to a level 

sufficient for extraction using the same amplifier as is 

used in a conventional television set: for amplifying the 

s colour signal before extraction, here designated as First 

Colour IF amplifier 57. 
This amplified depth component of the signal is 

extracted from the video signal in a process identical to 

that used for extracting the encoded_ colour in the same 

10 signal. In this process, a reference, or "yardstick" 

signal is generated by the television receiver at the 

frequency at which the depth component .should be. This 

signal is co~pared 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 requir'd level by Depth Gate Pulse 

Limiter 58. The fully formed reference signal is 

synchronized to the incoming encoded depth signal for the 

·20 same Synchronization 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 m~rged for comparis~n, the 

results are amplified by Gated Depth Synchronization 

Amplifier 63. This amplified signal will contain both 

colour and.~epth components, so only those signals 

sut: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 ~t Amplifier 61. 
Having extracted the depth component from the 

composite video signal, th·e 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 

I -
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· r-~sulting image. In order- to modify this hor-izontal sweep, 
. . 

the extracted and amp;Lified depth signal is added in Depth 

Adder- 6_0 . to the standard vertical synchronization signal 

r-outinely generated in a conventional.television set, as 

· 5 described earlier in Fig. 13(a). The modified vertical 

synchronization signal which is output from· Depth Adder 60 

is now used to pr-educe the vertical sweep of the electron 

beam in Vertical sweep Generator 64, which, as in a 

conventional receiver, drives the Deflection Yoke 65 which 

10 controls the movement of the scanning electron beam. The 

end result is a scanning· electron beam which is deflected 

minutely up or down from its conventional centreline to 

generate a 3-D effect in the video image by minutely 

varying the input· point of light to the pixe1.:..i.eve1 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. In this 

alternative, pixel-level optical structure 39 has an 

appropriate 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 its 

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 

~llustrated, 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 
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clarity of presentat'ion, still another alternative means of 

varying the visual distance.from the viewer of light 

emitted from a indiv'idual pixel. In this· illustration, a 

viewer's eye 4 are at a distance in front of the·pixel-

5 level optics. A collimated beam of light may be incident 

upon an obliquely placed mirror 76 at varying points, three 

of which are illustrated as light beams 5, 6 and 7. Mirror 

76 reflects the input light beam onto an oblique section of 

a concave mirror 77, Which, by the image forming 

10 characteristics of a concave mirror, presents the light 

beam of varying visual distance from the viewer Sa, 6a, and 

7a, ~orresponding to the particular preyiously described 

and numbered placement of input beams.· The concave mirror 
. . 

may have mathematics of curvature which are of variety of 

15 conic sections, and i~ our laboratory we have successfully 

employed 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 cathqde-ray tube, behind which are the conventional 

layers of phosphors 9 which glow to.produce light when 

30 impacted by a projected and collimated beam of electrons, 

illustrated at different positions in this drawing as 

beams, Sb, 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 light will be input at a unique point t.o the assembly, 
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and will therefore be presented to the viewer at a 
correspondingly unique point. As with the refractive 
embodiments of this invention, other light sources than 

cathode-ray are capable of being empl~yed quite suitably. 
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APPENDIX A 

II Advanced Technology 3-D Retrofitting Controller Software 
II Employing Touch Screen Graphical User Interface 
II V.01.0S 

II Includes me following control elements: 

#include <dos.h > 
#include < sutio.h > 
#include <conio.h> 
#include <graphics.h> 
#include < stdlib.h > 
#include < suing.h > 
#include < iostream.h > 

~fine MOUSE Ox33 
#define BUTlPRESSED 1 
#define BtmPRESSED 2 
#define TRUE 1 
#defmeFALSE 0 

void ActivMouseO 
{ 

} 

II activate mouse. 
_AX=32: 
geninterrupt(MOUSE); 

int ResetMo•O 
{ 

11 mouse reset. 
_AX•O: 
geninterrupt(MOUSE): 
return(_ AX): 

void ShowMouse() 
{ 

II tum on mouse cursor. 
_AX=l: 
geninterrupt(MOUSE): 

void HideMouseO 
{ 

II tum off ·mouse cursor. 
_AX=2: . 
genimerrupt(MOUSE); 

} 

void ReadMouse(int •v, int •b. im •but) 
{ 

int temp: 
_AX=3; 
geninterrupt(MOUSE); 

II which button pressed: l =left. 2=right. 3=bolh. 
temp-_BX: 
•but•temp; 

SUBSTITtJTE SHEFf(RULE 26) 

PCT/CA.95/00727 
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II horizontal coordinates. 
"h=_CX; 

II · venical coordinates. 
•v=_DX; 

classBunon 
11 lhis class creates screen bunons capable of being displayed raised 
11 or depressed. Labels displayed on lhe buttons change colour when 
II lhe bunon is depressed. 
{ 
public: 

int button_cemrex. buuon_cenuey. bunon_widlh. button_height: 
int left.top.right.bouom. text_size. text_fields. lfont; 
char buuon_textl(40]. bunon_iex12[40); 
unsigned upauem: 

II button_cemrex. button_cenuey is lhe centre oflhe bunon placement. 
II button_ widlh and button_ height are the dimensions of lhe button in pixels. 
II button_ text is the label on lhe button. 
II · text_size is the text size for seuexwyle(). 

im mouseX. mouseY. mouseBunon: 
int oldMouseX. oldMouseY: 
int buuon1Down.bunotl2Down: 

int pressed: 
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Bunon(int x. int y. int widlh. int height. int tfields. char *btextl. char *btexll. im tsize. int f) 
11 this constructor initializes the buuon variables. . 

{ 
buuon_ centrex = x; 
button_cenuey = y; 
button_ width = width: 
button_i.eight = height: 
strcpy(buuon_textl. btextl): 
sucpy(bunon_texa. btexll): 
text_size=tsize: 
text_fields=tfields: 
lfom•f: 

left=bunon_cemrex - bunon_widlb/2: 
top•bunon_centrey - buuon_height/2: 
right• button_ centrex + button_ width/2: 
bottom =button_ centrey + bunon _ height/2: 

oldMouseX •O: oldMouseY =0: 
buttonlDown •FALSE: 
bunon2Down= FALSE: 

pressed= FALSE: 
} 

voidupO 
11 · draws a raised button ~ prims the required label on it. 

{ 
sete0lor(S); 
sedinestyle(SOUD _LINE.upauem.NORM _ WIDTII): 
setfillstyle(SOLID _FILL. UGHTGRA Y); 
bar3d(left,top.right.bottom,0.0); 
seu:olor(WHITE); 
sedinestyle(SOUD _LINE.upauem. THICK_ WID1H): 
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button_ textl ); 

buuon_textl ); 

bUUOn_text2); 

34 
line(lcft+2.bouom-l.left+2.top+ 1): 

line(left+ l.top+2.right-l,top+2); 

seteolor(DARKGRAY): 

setlinestyle(SOLID _LINE.upanem.NORM.;.. WIDnI); 

line(left+4.bottom-3,right·l.bonom .. 3); 

line(left+3.bonom-2.right-l.boaom-2): 

line(left + 2.bonom-1.right· l .bonom-l ); 

line(right-3.boaom-1.right-3.top+4); · 

line(right-2.boaom- l ,right-2.top+ 3); 

line(right-1,boaom· l,right· l.top + 2): · 

II put the required text in the buuon. 

seteolor(S); 
seuextjustify(CENTER TEXT. CENTER T.EXT); 

senmstyle(lfont. HORiz_DIR. text_size); 

COUl < < bUUOn_textl < < endl; 
if (text_faelds• = l) . 

PCT/CA95/00727 

ounextxy(button _ cemrex. button_ centrey-4*Cfloat(bunon _ height)/50), 

else 
{ 
ounextxy(bunon _ cemrex. buUon _ cemrey- l 3*(floatCbunon _ height)/50), 

ounextxy<bunon _ centrex. button_ centrey +9*Cfloat(buttbn _ height)ISO). 

} . 

pressCd= FALSE; 
} 

voiddownO 
11 draw a depressed bunon and prints the required label on it. 

{ 
seic:olor(S); 
sedinestyleCSOLID _ LINE.upattem.NORM _WIDTH): 

setfillst/le(SOLID _FILL. DARKGRA Y): 
bar3d(left.top,right.bottom,0.0): 
setcolor(S); · 
setlinestyleCSOLID_LINE.upanem. THICK_ WIDTH): 
line(left + 2.bouom-1.left + 2.top+ 1): 

lineOeft+ l .top+2.right-l.top+2): 

setc0lor(LIGHTGRA Y): 
setlinestyle(SOUD _LINE.upauem.NORM _WIDTH): 
line(left +4.bottom-3.right· l .bonom-3): 

line(left + 3.boaom-2.right· l .bottom-2): 

line(left + 2.boaom-1.right· l .bottom· l ); 
line(right·3.bottom· l ,right-3.top+4); 

line(right-2.boaom· l ,right-2,top+ 3): 

line(right-l.boaom-l,right·l.top+2); 

11 · pµt the required text in the button. 

setcalor(WffITE); 
seuextjustify(CENTER_ TEXT. CENTER_ TEXT): 
seuemtyle(lfont. HORIZ_DIR. text_size); 

II cout < < button text2 < < endl: 

bunon _ textl): 

button_ textl); 

bUUOn_text2): 

if(teXl fields==!) 
- ounextxy(button_cenuex. button_centrey-4*(float(bunon_height)/50.). 

else 
{ 
outtextxy(bunon_cemrex. button_c:emrey-13*(float(bunon_height)ISO.), 

ounextxyCbuuon_ cemrex. buuon_ cemrey +9*(float(button_ height)/SO. ). 

} 
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pressed=TRUE: 
} 

int touchedO 

35 

11 determines whether a buaon has been touched. and returns 
II TRUE for yes. and FALSE for no. Touching is emulared 
II by a mouse click. 

{ 
im temp: 
_AX=3: 
genimerrupt(MOUSE): 

II which button pressed: l=left.2=right. 3=both. 
tcmp•_BX; 
mouscBuuon=tcmp: 

II horizonral coordi1181Cs. 
mouscX= _ex: 

II vertical coordinatcS. 
mouseY= _DX: 

if (mouseBuuon&BUTlPRESSED) 
{ 

} 

. . 
bunonlDown=TRUE: 
return O: 

else if (buttonlDown) . 
11 if button I was do'wn and is now up. it was clicked! 

{ 
II check whether the mouse is positioned in the button. 

PCT/CA'JS/00727 

if ({((mouscX-left)*(mouscX-right))<O) && (((mouscY-top)*(mouseY-
boaom)) <0)) 

II if this evaluates as TRUE then do the following. 

}; 

{ 
buttonlDown= FALSE: 
return 1: 
} 
buuonlDown== FALSE: 
rctumO: 

II XXXXXXXXXXXXXXXXXX MA IN XXXXXX:XXXXXXXXXXXXXX 

void main() 
{ 
Ii this is the system main. 

int Page_l_flag, Page_2_flag, Page_3_flag. Page_4_flag, Page_S_flag: 
im Page_6_flag, Page_7_flag, Page_8_flag. Page_9_flag. Page.)O_tlag; 
char. which: 

II initialize the graphics system. 
im gdriver = DETECT. gmodc. errorcode: 
initgraph(&gdriver. &gmodc. • c:\ \borlandc\ \bgi•): 
11 read the result of initialization. 
errorcodc = graphresult(): 
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if (errorcode ! = grOk) { II an error occurred. 

_printf(.Graphics error: lis\n•, grapherrormsg(errorcode)); 
printf(•Press any key to halt:•); 
gerchO: . 
exit(l); 

} 

//if (!ResetMouseO> 
//{ 
II printf("No Mouse Driver·): 
II} 

II set the current colours and line style. 
II set BLACK (normally palene 0) to paleae S <normally MAGENTA) 
II to correct a colour set1ing problem inate to C + + . 
setpalene(S, BLACK); 

II aciivate the mouse to emulate a touch screen. 
//ActivMouseO: 
llShowMouse(); 

11 construci and initialize bunons. 
Bunon logo(geanaxx()/2.100.260.130.1. "(AOCI LOGOl". "" ,4,1): 
Bunon auto_comro11(200.400.160.50,2, "AUTO·. "CONTROL" .2.1): 
Bunon manual_control1(400.400.160.S0.2. •MANUAL". "CONTROL• ,2,1); 
Buaon mu1el(S68,440.110,50.1. "MUTE",·· ,4,1); 
//Bunon proceed(geunaxx()/2,440,160,50.1. "PROCEED"."" ,4,1); 
Button c _ vision(getmaXx()/2,350,450.100, l. "3-D RETRO"."• ,8, l); 

Button main_menu(245.20.460,30,l. "MA IN MEN u·. •• .2,1); 
Buuon time_ dale2(245.460.460,30. l. "Daie: Time: Elapsed: •. •• ,2, I); 

Buuon video_screen(245.217.460,34S.l,"", •• ,4,1); 
Buuon video_messagel(24S.217,160.S0.2. "Video Not". "Detected" ,2,1); 

.Bunon auto_onoft'2(55S.20;130.30.2. "AUTO CONTROL". "ON I OFF" .S.2); 
Bunon manual_ control2CSSS.60.130.30.1. "MANUAL CONTROL".·· ,5,2): 
Bunon name_tags2CSSS.100.130.30.l. "OBJECT TAGS". "".5,2): 
Buuon voice_tags2(55S.140.130.30.2. "TRIANGULATE/". "DIST. CALC. ",S.2): 
Button custom _session2C5S5 .180.130.30.1. "CUSTOM SESSION"."" .S.2): 
Bunon memory _framing2CSSS.220.130.30. l. "MEMORY FRAMING".·· .5.2): 
Bunon remoie_commands2CS5S.260.130.30.2. "REMOTE ENDS". "COMMANDS"~S.2): 
Bunon av _options2CSSS.300.130.30.2. "AUDIONISUAL". "OPTIONS" .S.2); 
Bunon codec_ conuol2CSSS.340.130.30.l, "CODEC CONTROL".•• .S.2): 
Bunon mcu comrol2CSS5.380.130.30.l. "MCU CONTROL•. ··.S.2): 
Bunon dial -connects2CS5S.420.130,30.2. "DIAL-UP". "CONNECTIONS" .S.2); 
Bunon mWl(S5S,460.130.30.l, "MUTE"."" ,5,2); 
Buuon ind id3(24S,20.460.30.1. "PERSONAL IDENTIFICATION"."" .2.1); 
Bunon franie cam3(SS5.20.130.30. l. "FRAME CAMERA"."" .S,2); 
Button cam_iifeset3(5SS.60.i3~.30,1. "CAMERA PRESET"."" ,S,2); 
Button autofollow3(SSS.180.130.30.l. "AUTOFOLLOWING" ,"",S,2): 
Buuon retum3(5SS.420.130.30,2. "RETURN TO". •LAST MENU" .S.2); 
Buuon touch face3(130.418.23C -~.2."DEFINE AN OBJECT"."AND THEN TOUCH:".S,2): 

Buuon iype_id3(308.418.10S.3: \CQUIRE". "OBJECT" .S.2): 
Buuon wriie id3(423.418.10S.3. LOSE". "OBJECT9 .S.2); 
Buaon cancel3(SSS,340.130,30.l \NCEL CHOICE" ,"",5,2); 
Bunon kevboard(24S.375.4S0.20C: ·{Keyboard)".·· .2.1); 
Bun0n writing_space(245.42S.450. i.00,l, "(Writing Space)".•• .2.1): 
Bunon typing_done(S5S.260.130,30.2, "TYPE AND THEN". "PRESS HERE" .S.2); 
Button writing_ done(S5S.260.130,30,2. "WRITE AND THEN". "PRESS HERE• .5,2): 
Buuon dial_connects6(geunaxx()/2,20.604.30,l. "DIAL-UP CONNECTIONS","" ,2,1); 
Buaon directory6(geunaxx012.60.300.30, l. "DIRECTORY"."• .2.1); 
Button manual_dialing6(57.420.84.30.2. "MANUAL•. "DIALING" .5.2): 
Bunon Jine_l6(151.420.84,30,l, "LINE I",·· ,5,2); 

SUBSTITUTE SHEET (RULE 26). 
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Button line_26(24S.420.84,30.1. "LINE 2". •• .S.2); 
Button dial_lone6(339.420.84.30. l. "DIAL TONE",•• ,S,2); 
Button hang_up6(433,420.84.30.l. "HANG UP",•• ,5,2): 
Button scroll_up6(104.260.178,30.1. "SCROLL DIRECTORY UP", "",S,2); 
Button scroll_ down6(292.260, l 78.30. l, "SCROLL DIRECTORY DOWW. •• ,S,2); 
Button dial_this6(198.300.84.30.2, "DIAL nus·. "NUMBER" ,5,2): 
Button add entry6(104,340. l 78.30. l, "ADD AN ENTRY-,•• ,5,2); 
Bullon deleie_emry6(292.340.178,30.l. "DELETE AN ENTRY".•• ,5,2); 
Buuon .keypad6(5q5.320.230.151.l. ~(Keypad)". "",2,1): 

Page_l: 
II this is the opening screen. 

II set the current fill style and draw the background. 
sedillstyle(INTERl.EA VE _FILL.DARKGRA Y): 
bar3d(0,0,geunaxxO.geunaxy(),0,0): · 

logo.up(): 
c _vision.up(): 

II proceed.up(): 
II auto_comroll.up(); 
II manual_controll.up(): 

murel.up(); 
seaexmyle(TR]PLEX_FONT. HORIZ_DIR. 2); 
ounemy(ge~x()/2,190. "(C) 1993-1995 AGENTS OF CHANGE INC."); 
seuexmyle(TlUPl.EX_FON1.:. HORIZ_DIR. 4); 
ouumxy(geunaxx()/2.235. "WELCOME"); 
ouaextxy(geunaxx0/2.265. "TO"); 
Page_l_flag =TRUE: 

while (Page_ I_ flag) 
{ 
II temporary keypad substitute for the touch screen. 
which • getchO: 

if (which==' I') 
{ 

if <!c _vision.pressed> 
{ 

c _vision.down(): 
goto Page_2: 

else c_vision.upO: 

if (which= ='2') 

if (!mmel.pressed) murel.down(); 
else mutel.up(); 

if (which== 'S') Page_l_flag=FALSE: 
} 
goto pgm _ rerminate: 

Page_2: 
II this is the main menu. 

setfillstyle(INTERLEA VE_FILL.DARKGRA Y); 
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bar3d(O.O.geanaxxQ,geanaxyQ,0,0); 
main_menu.upO; 
video_ screen.up(); 
video_messagel.downO; 
time_ date2.up(); 
auto_ onoftl.upO; 
manual_comrol2.upO; 
name tags2.up(); 
voice:tags2.upO; 
cusmm _ session2.upO; 
memory _framing2.up0; 
remote _commands2.upO; 
av_options2.upO; 
codec_ comrol2.upO; 
mcu_ control2.up(); 
dial_ connects2.up(); 
mute2.up(); 

Page_2_flag=TRUE; 

while (Page_2_flag) 
{ 

38 

II temporary keypad substimte for the touch screen. 
which = getch(); 

if (which•=' I') 
{ 

if (!auto_ onoft2.pressed) 
{ 

amo_ onoft2.downO: 
} 
else auto_onoft2.up(); 

} 

if (which== ·2·r 
{ 

if (!manual_control2.pressedl man\&al_control2.down(): 
else manual_ control2.up(); 

ifCwhich=='3') 
{ 

if (!name tagsl.pressed) 
{ -
name_tags2.down(); 
goto Page_3; 
} 
else name_tags2.up(); 

if (which=='4') 
{ 

if (!voice tags2.pressed) 
{ -
voice_tags2.down(); · 
goto Page_3; 
} 
else voice_tags2.up0: 

if(which=='S') 
{ 

1 __ _ 
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if (!custom_ session2.pressed) cust0m _ session2.down(); 
else custom_ session2.up0; 

if (which•='6') 
{ 

} 

if (!memory_ framing2.pressed) 
{ 
memory _framing2.downO: 
goto Page_3: 
} 
else memory _framing2.upO; 

if (which= ='7') 
{ 

if (!rem0te _ 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 (!codec_conuol2.pressed) codec_conuol2.down(); 
else codec_conuol2.up(); 

if(which=='a') 
{ 

} 

if (!mcu_comrol2.pressed) mcu_control2.down(); 
else mcu_control2.up(); 

if (which= ='b') 
{ 

if (!dial_connects2.pressed) 
{ 
dial_ connects2.down(); 
goto Page_6: · 
} 

else dial_connects2.up(): 

if(which=•'c') 
{ 

if C!mute2.pressedl mute2.down(): 
else mute2.up(): 

if (which=• 'S') Page_2_tlag=FALSE: 
} . 

goto. pgm_terminate; 

Page_3: 
II 
II 

this is the first •individual identification• menu. 
and includes the 51ep into nametags. 

:SUBSTlltJTE SHEET (RULE 26) 
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setfillstyle(INTERLEA VE_FILL.DARKGRA Y): 
bar3d(O.O,geunaxx(),geunaxy(),0,0): 
ind_id3.up(): 
video_ screen.up(); 
video_ message! .down(): 
time_ datel.up(): 
frame_cam3.upO: 
cam_presel3.up(): 
name_rags2.up(): 
voice_ rags2.up(): 
autofollow3.up(): 
remrn3.up0: 
mme2.up(): 

Page_3_flag=TRUE; 

while (Page_ 3 _flag) 
{ 
II temp0rary keypad substitute for lhe touch screen. 
which= geu:h(); 

} 

if (which==' I') 
{ 

if C!frame_cam3.pressed) 
{ 

frame_ cam3.down(); 
} 
else frame_cam3.up(): 

} 

if(which=='2') 
{ 

if C!cam_presel3.pressed) cam_presel3.down(): 
else cam_presel3.up(); 

if (which=• '3') 
{ 

} 

if (!name tags2.pressed) 
{ -

name_ lagsl.down(): 
touch_ face3 .up(): 

type _id3.up(); 
write _id3.up(): 
cance13.up(): 

iype _or_ write: 
which•getch(); 
// lhe cancel bunon has been pressed. 
if (which•= '9') goto Page_3: 
// type namerags. 
if (wbich•='x') goto Page_4: 
II write namerags. 
if(which=='y') gOIO Page_S: 
goto type_ or_ write: 

else name_rags2.up(): 

if (which=•'4') 
{ 
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if (!voice_rags2.pressed) voice_ragsl.down(); 

II goto Page_ 4: 

II 

else voice_mgs2.up0: 
} 

if (which=•'S') 
{ 

} 

if (!autofollow3.pressed) au1ofollow3.down(); · 
go10 Page_4; 
else autofollow3.up0; 

if (which•• 'b') 
{ 

if (!retum3.pressed) mum3.down(); 
go10 Page_2: 

else remm3.up(); 

if (which=='c') 
{ 

} 

if (!mute2.p~ed) mine2.down(): 
else mu1e2.up(): 

if (which= ='S') Page_3_flag=FALSE: 
} 
goto pgm_1erminue; 

Page_4: 
II this is die namemgs typing page. 

selfills1yleCINTERLEA VE_FILL.DARKGRA Y): 
bar3d(O.O.geimaxx(),geunaxy().0.0): 
ind .Jd3.up(): 
video_screen.up(); 
video _messagel.down(): 
frame_ cam3.up(); 
cam _presell .up(); 
name_rags2.down(); 
voice _mgs2. up(); 
autofollow3 .up(); 
remm3.up(); 
mute2.up(); 
keyboard.up(); 

lyping_ done.up(); 

Page_ 4_tlag=TRUE: 

while (Page_ 4 _flag) 
{ 
11 1emporary keypad substiNte for the toudt screen. 
which = gelch(); 

if (which•= '7') 
{ 

} 

if (!typing_ done.pressed) typing_ done.down(); 
goto Page_3: 

. SUBSTITUTE SHEET (RULE 26) 

PCT/CA95/00727 . 



WOt6121171 

else iyping_done.up(); 

if(which•='b') 
{ 

42 

if (!retum3.pressed) remm3.down(): 
goto Page_3; 

else remm3.up(): 

if(which•='c') 
{ 

} 

if (!mute2.pre5sed) mute2.down(); 
else mute2.upO: 

if (which== 'S'} Page_ 4_flag=FALSE: 
} 
goto pgm_terminale: 

Page_S: 
II this is_ the nametags writing page. 

setfillstyle(INTERLBA VE FILL.DARKGRA Y); 
bar3d(O.O.geanaxx().gean3xy0~0.0): 
ind _id3.up(); 
video _screen.up(); 
video_messagel.downO: 
frame_cam3.up(); 
cam _preset3.up(); 
name.)ags2.down(): 
voice_ tags2.up0: 
autofollow3.up(); •. 
remm3.up(); 
mute2.up(): 
writing_ space.up(); 

writing_ done. up(): 

Page _5 _flag =TRUE: 

while (Page_S_flag) 
{ 
11 iemporary keypad substitute for the toUch screen. 
which = getch(); 

if (which•• '7') 
{ 

if (!iyping~dpne.pressed) iyping_done.down(); 
goto Page_3: 

else typing_ done.up(); 

if (which= ='b'} 
{ 

} 

if C!retum3.pressed) retum3.down0: 
goto Page _3: 

else return3.up(): 

SUBSTITUTE SHEET (RULE 2&) 
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if(which=•'c') 
{ 

if (!mutel.pressed) mutel.down(): 
else mutel.upO:_ · 

} 

if (which=='S') Page_S_flag=FALSE: 
} . 

gotO pgm _ terminale: 

Page_6: 

43 

II Ibis is the conneaions dialing and directory maintenance page. 

setfillstyle(INTERLEA VE FILL.DARK.ORA Y): 
bar3d(O.O.geiinaxxo.geanaxyo.o.o): 
dial_conneas6.up0: 

directory6.up(); 
keypad6.up0: 
scroll_up6.up(); 
scroll_down6.up(): 
dial_tbis6.up(): 
add_enuy6.up(); 
delete_ entry6.up(); 

manual_dialing6.up(): 
line_l6.upO; 
line_2.6.up(); 

dial_tone6.up(); 
hang_ up6.up(); 

return3.upQ; 
mutel.upO; 

Page_6_flag•TRUE: 

while (Page_ 6 _flag) 
{ 
11 temporary keypaci substitute for the touch screen. 
which = getch(); 

if Cwhich=•'b') 
{ 

} 
} 

if (!retum3.pressed) 
. { 

return3.down(): 
gotO Page_2: 

else retum3.up(): 

if(which••'c') · 
{ 

if (!mutel.pressed) mutel.downO: 
else mutel.up(); 

if(which=='S') Page 6 flag=FALSE: 
} ·. --
goto pgm_terminale: 

pgm_tenninate: 
getch(); 

.. . ·· .. ... :SUBSTITtJTE SHEET (RULE 26) 
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' II this is the closing sequence. 

closegraphO: 
} 

SUBSTITUTE· SH EET'.(RULE 26) 
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45 , ........................................ , 
t• ARPROCES.H */ 
I* Image Processing Header File */ 
I* Area Processing Functions • t 
t• written in Turbo C 2.0 *I , ..............•......................... , 
t• Area Process Func:lion Prototypes */ 
CompletionCode Convolution(BYTE huge *lnlmage, unsigned Col. unsigned Row. 

unsigned Widdl. unsigned Height. 
short *Kernel. unsigned KemelCols, 
unsigned KernelRows. unsigned Scale. 
unsigned Absolute. BYTE huge• •OutJmageBufPtr): 

CompletionCode RealConvolution(BYTE huge *lnimage, 
unsigned Col. unsigned Row. 
unsigned Widlb. uasigned Height, 
double *Kernel. unsigned KemelCols. 
unsigned Kemelllows. unsiped Scale, 
unsigned Absolute. BYTE huge • -oadmageBufPtr): 

CompletionCode MedianFilterCBYTE huge *lnlmage. unsigned Col. unsigned Row. 
unsigned Width. unsigned Height. . 
unsigned NeighborhoodCols. unsigned NeighborhoodRows. 
BYTE huge • •QutlmageBufPtr): 

CompletionCode SobelEdgeDet(BYTE huge *lnlmage. 
unsigned Col. unsigned Row. 
unsigned Width. unsigned Height. 
unsigned Threshold. unsigned Overlay. 
BYTE huge • *OutlmageBufPtr); 

, ... SU~STITtJTE:SHEET (RULE.~6) 
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, ........................................ , 
I* ARPROCES.C •/ 
t• Image Processing Code •/ 
1• Area Processing Functions •/ 
I* wrinen in Turbo C 2.0 */ 

1······················~·················1 

#include < stdio.h > 
#include < stdlib.h > 
#include < conio.h > 
#incliade < dos.h > 
#include <alloc.h> 
#include < process.h > 
#incliade < math.h > 
#incliade < graphics.h > 
#include ·misc.h· 
#include •pcx.h • 
#include "vga.h • 
#incliade "imagesup.h • 
#incliade •arprocess.h• 

,. 
Integer Convolution Function ., 

46 

CompleiionCode Convolution(BYTE huge *Inlmage. unsigned Col. unsigned Row, 
unsigned Width. unsigned Height. 

{ 

short *Kernel. wisigned KenielCols. 
unsigned KemelRows. unsigned Scale. 
unsigned Absolute. BYTE huge • *OutlmageBufPtr) 

register unsigned ColExtent. RowExtent: 
register unsigned lmage<:ol. ImageRow. KemCol. KemRow: 
unsigned ColOffset. RowOffset. TempCol. TempRow: 
BYTE huge •OuqnitlmageBuffer: 
long Sum: 
shon *KernelPtr: 

if (ParameterCheckOK(Col.RoW .Col+ Width.Row+ Height. ·convolution·)) 
{ 

1• Image must be at least the same size as the.kernel •1 
if (Width > = KenielCols && Height > = KernelRows) 
{ 

I* allocate far memory buffer for ouqnit image•/ 
OuqnitlmageBuffer = <BYTE huge *) 

farcalloc(RASTERSIZE.Cunsigned long)sizeof(BYTE}): 
·. 

if (OutputlmageBuffer = = NULL) 
{ 

} 

restorecnmode(); 
primWError Not enough memory for convolution output buffer\n"): 
return (ENoMemory); 

I* Store address of output image buffer •/ 
*OudmageBufPU' = OutputlmageBuffer; 

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

SUBSTITUTE SHE·ET (RULE 26) . 
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} 
else 

} 

47 
provides a nice white frame for lhe omput image • . , 
ClearlmageArea(OutputlmageBuffer.MINCOLNUM.MINROWNUM, 

MAXCOLS.MAXROWS,WHITE): 

ColOffset = KernelCols/2: 
RowOffset • KemelRows/2: 
J• Compensate for edge effeCts •/ 
Col + = ColOffset: 
Row + • RowOffset; . 
Widlh -= (KemelCols-1); 
Height~- (KemelRows- 1): 

t• Calculate new range of pixels to act upon •/ 
ColExtent = Col + Width: 
RowExteqt •Row+ Height; 

for (lmageRow •Row: lmageRow < RowExtent: lmageRow++) 

} 

TempRow = lmageRow - RowOffset: 
for (lmageCol = Col: lmageCol < ColExtent: lmageCol + +) 
{ 

TempCol • lmageCol • ColOffset: 
Sum -·oi.: .· 
KernelPtr = Kernel: 
for (KemCol = O: KemCol < KemelCols: KemCol + +) 

for 
0

(KernRow = O: KemRow < KemelRows: KernRow+ +) 
Sum + = (GetPixelFromlmage(lnhnage. 

TempCol+ KemCol. TempRow+KemRow) • 
(*KemelPtr+ + )); 

I* If absolute value is requested */ 
if (Absolute) 

Sum = labs(Sum): 

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

Sum -= CSum < MINSAMPLEVAL) ? MINSAMPLEVAL:Sum: 
Sum = CSum > MAXSAMPLEV AL) ? MAXSAMPLEV AL:Sum: 
PutPixellnlmage(OutpUdmageBuffer .lniageCol.ImageRow .CBYTE)Sum>: · 

} 

retum(EKemelSize): 

retum(NoError); 
} 

,. . 
Real Number Convolution Function. This convolution function is 
only used when lhe kernel "entries are floating point nmnbers 
instead of integers. Because of the floating point operations 
en\rolved. Ibis function is substantially slower than lhe already 
sin! imeger version above . . , 
CompletionCode ReaJConvolution(BYTE huge *lnlmage, 

unsigned Col. unsigned Row. 
unsigned Width. unsigned Height, 
double *Kernel. unsigned KemelCols. 
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{ 

48 
unsigned KemelRows. unsigned Scale. 
unsigned Absolute. BYTE huge * •OmJmageBufPlr) 

register unsigned CoJExtent. RowExrent: 
register unsigned lmageCol. lmageRow. KemCol. KernRow; 

unsigned ColOffset. RowOffset. TempCol. TempRow: 

BYTE huge *OutputlmageBuffer: 
double Sum; 
double •KernelPtr: 

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

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

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

{ 
1• allocate far memory buffer for omput image•/ 

OutputlmageBuffer • (BYTE huge *) 
farcalloc{RASTERSJZE.(unsigned long)sizeof(BYTE)): 

if (OutputlmageBuffer • = NULL) 

{ 
restorecmnode{); 
primf("Error Not enough memory for convolution output buffer\n"): 

rewm (ENoMemoiy); 
} . 

1• Store address of omput image buffer */ 

*OutlmageBufPtr = OutputlmageBu(fer: 

,. . 
Clearing the output buffer to white will show the 

boarder areas not touched by the convolution. It also 
provides a nice white frame for the output image. 
*I . 

ClearlmageArea(OutputlmageBuffer .MINCOLNUM.MINROWNUM. 

MAXCOLS.MAXROWS. WHITE): 

ColOffset == KemelCols/2: 
RowOffset = KernelRows/2: 
t• Compensate for edge effecu */ 

Col + = ColOffset; 
Row + = RowOffset: 
Width -= <KemelCols - l); 
Height-= (KemelRows - l); 

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

ColExtent • Col + Width: 
RowExlem = Roiv + Height: 

for (lmageRow =Row: lmageRow < RowExtent: lmageRow++) 

{ 
TempRow = lmageRow - RowOffset: 
for (lmageCol =Col: lmageCol < ColExrent: lmageCol++) 

{ 
TempCol • lmageCol - ColOffset; 
Sum• 0.0; 
KernelPtr • Kernel: 
for (KemCol • 0: KemCol < KernelCols: KemCol++) 

for (KernRow • 0: KernRow < KernelRows: KernRow+ +) 

Sum + • (GetPixelFromlmage(lnlmage, 
TempCol+KemCol. TempRow+KernRow) • 
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} 

} 
else 

} 

(*KemelPtr+ + )): 

/*If absolute value is requested •/ 
if (Absolute) 

Sum• fabs(Sum): 

49 

I* Summation performed. Scale and range Sum •1 · 
Sum/• (double)(!< <Scale): 

Sum = (Sum < MINSAMPLEV AL)? MINSAMPLEV AL:SUlll:: 
Sum = (Sum > MAXSAMPLEV AL) ? MAXSAMPLEV AL:Smn: 
PutPixelinlmage(OutputlmageBuffer .ImageCol.ImagcRow ~(BYTE)Smn): 

} . . . 

retum(EKemelSize): 

rewm(NoError): 
} 

,. 
Byte compare for use with the qson library function call 
in the Median filter function. · · · 

~I 

im ByteComparc(BYTE *E.ntryl. BYTE *Enuyl) 
{ . 

} 

if (*Entry I < *E.ntryl) 
rcium(-1): 

else if (*Entry 1 > *Entryl) 
retum(l): 

else 
retum(O): 

CompletionCode MedianFilter<BYTE huge *lnlmage. unsigned Col. unsigned Row. 

{ 

unsigned Width. unsigned Height. . 
unsigned NeighborhoodCols. unsigned NeighborhoOdRows. 
BYTE huge • *OutlmageBufPtr) 

· register unsigned ColExtem. RowExtent: 
register unsigned ImagcCol. ImageRow. NeighborCol. NeighborRow: 
unsigned ColOffset. RowOffset. TempCol. TempRow. Pixellndex: 
unsigned TotalPixels. Medianlndex: 
BYTE huge •QuqmdmageBuffer: 
BYTE *PixelValues: 

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

{ 
t• Image must be at least the same size as the neighborhood •t 
if (Width > = NeighborhoodCols && Height > = NeighborhoodRows) 

:{ . . 
t• allocale far memory buffer for outpUI image•/ 
OutputlmageBuffer = (BYTE huge *) 

farcalloc(RASTERSJZE.(unsigned long)sizeof(BYTE)): 

if (OmputlmageBuffer = • NULL) 
{ 

SUBSTITUTE SHEET (RULE. 26) 
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so 
resmrecnmode(): 
printf("Error Not enough memory for median filter outpUt buffer\n"): 

reiurn (ENoMemory); 
} 

1• Store address of output image buffer •/ 
•OutJmageBufPtr = OUtputhnageBuffer; 

,. 
Clearing lhe OUlpUt buffer to white will show lhe 
boarder areas not touched by lhe median tilter. It also 
provides a nice white frame for lhe outpUt image • . , 
ClearlmageArea(Outp11tbnageBuffer.MlNCOLNUM.MINROWNUM. 

MAXCOLS.MAXROWS. WHITE); 

1• Calculate border pixel to miss •/ 
ColOffset = NeighborhoodCols/2; 
RowOffset = Neighboi"hoodRows/2; 

1• Compensate for edge effects • / 
Col + • ColOffset; 
Row + = RowOffset; 
Width -= (Neighborl'loodCols - l); 
Height-= (Neighboi"hoodRows - l); 

1• ·Calculate new range of pixels to act upon •/ 

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

TotalPixels • (NeighborhoodCols•Neighboi"hoodRows); 

Medianlndex = (Neighboi"hoodCots•NeighborhoodRows)/2: 

1• allocate memory for pixel buffer •1 

PixelValues • (BYTE*) calloc:(TotalPixels.(unsigned)sizeofCBYTE)); 

if (PixelValues = = NULL) 
{ 

} 

restorecnmode(): 
printf("Error Not enough memory for median tilter pixel buffer\n"); · 

remrn (ENoMemory); 

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

{ 
TempRow • lmageRow - RowOffset: 
for (ImageCol = Col; ImageCol < CoJExtent: lmageCol + +) 

{ 
TempCol = IinageCol - ColOffset: 
Pixellndex = 0: 
for (NeighborCol = 0: NeighborCol < NeighborhoodCols: NeighborCol + + l 

PCl'/CA!>S/00727 

for (NeighborRow = 0: NeighborRow < Neighboi"hoodRows: NeighborRow+ + l 

PixelValues[Pixellnde:o: - + 1 = 
GetPixelfromlm&ge(i:. c:11&ge. TempCol + NeighborCol. 

TempRow + NeighborRow): 

,. 
Quick son lhe brighmess values into ascending order 

and lhen pick out lhe median or middle value as 
that for the pixel • . , 
qson(PixelValues.TotalPixels.sizeof(BYTE).ByteC0mpare): 
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} 

,. 

Sl 
PutPixellnlmage(Ou1putlmageBuffer .lmageCol.lmageRow. 

} 
else 

} 
} 

PixelValues[Medianlndex]); 

rerum(EKemelSize): 
} 
free(PixelValues); 
rerum(NoError): 

1• give up the pixel value buffer•/ 

Sobel Edge Deleciion Function ., 
CompletionCode SobelEdgeDelCBYTE huge *lnlmage, 

{ 

unsigned Col. unsigned Row. 
unsigned Width. unsigned Height, 
unsigned Threshold. unsigned Overlay, 
BYTE huge • *OutlmageBufPtr) 

register unsigned ColExtent. RowExtem: 
register unsigned lmageCol, ImageRow:. 

· unsigned PtA. PIB, PtC. PtD, PtE. PtF. PtG, PtH. Ptl: 
unsigned LineAEIAveAbove, LineAEIAveBelow. LineAEIMaxDif: 
unsigned LineBEHAveAbove. LineBEHAveBelow, LineBEHMaxoif: 
unsigned LineCEGAveAbove, LineCEGAveBelow, LineCEGMaxDif: 
unsigned LineDBFAveAbove, LineDEFAveBelow, LineDEFMaxDif; 
unsigned MaxDif; 
BYTE huge *OutpudmageBuffer: 

if (ParameterCheckOK(Col,Row .Col+ Width.Row+ Height. ·sobel Edge Detector•)) 
{ 

I* allocate far memory-buffer for output image • / 
Ou1putlmageBuffer = (BYTE huge *) 

farcalloc(RASTERSIZE.(unsigned long)sizeofCBYTE)); 

if (Ou1putlmageBuffer = = NULL) 
{ 

rest0recnmode(); 
printf(•Error Not enough memory for Sobel output buffer\n·): 
rerum CENoMemory); 

I* Store address of output image buffer • / 
*OudmageBufPtr ,;,. OulpUtlmageBuffer: 

,. 
Clearing the OUlpUt buffer ., 
ClearlmageArea(OutpmlmageBuffer .MINCOLNuM.MINROWNUM • 

. MAXCOLS.MAXROWS.BLACK); 

"/*Compensate for edge effects of 3x3 pixel rleighborhood */ 
Col+= I: 
Row+- l; 
Width ·= 2; 
Height·• 2; 

I* Calculate new range of pixels t0 act upon */ 
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52 
ColExtent • Col + Widdl: 
RowExlem • Row + Height; 

for (ImageRow = Row: lmageRow < Row Extent: llnageRow+ +) 
for (lmageCol =Col; lmageCol < CoIExlent: lmageCol++) 
{ 

. } 

t• Get each pixel in 3x3" neighborhood •t 
PtA = GetPixelFromlmage(Inlmage.lmageCol-1.ImageRow-l ); 
PtB = GetPixelFromlmage(Inlmage.lmageCol .ImageRow-1); 
PtC = GetPixelFromlmage(lnlmage.lmageCol + l.ImageRow-1); 
PtD = GetPixelFromlmage(Inlmage.lmageCol-1.lmageRow ); 
PtE = GetPixelFromlmage(Inlmage,lmageCol .lmageRow ); 
PtF = GetPixelFromlmage(lnlmage.ImageCol + l .ImageRow ); 
PtG = GetPixelFromlmage(Inlmage.ImageCol-1.lmageRow + l); 
PtH .. GetPixelFromlmage(Inlmage.lmageCol .ImageRow +I): 
PtI = GetPixelFromlmage(lnlmage.ImageCol + l .lmageRow+ 1 ); 

,. 
Calculate average above and below the line. 
Take me absolute value of the difference • . , 
LineAEIAveBelow • (PtD+PtG+PtH)/3; 
LineAEIAveAbove = CPtB+ PtC + PtF)/3: 
L~IMaxDif = abs(LineAEIAveBelow-LineAEIAveAbove); 

LineBEHAveBelow = (PtA+PtD+PtG)/3; 
UneBEHAveAbove = (PtC+PtF+Ptl)/3; 
LineBEHMaxDif = abs(UneBEHAveBelow-LineBEHAveAbove); 

LineCEGAveBelow = (PtF+ PtH +Ptl)/3: 
LineCEGAveAbove = (PtA+PtB+PtD)/3: 
LineCEGMaxDif = abs(LineCEGAveBelow-LineCEGAveAbove); 

LineDEFAveBelow-= (PtG+PtH+Ptl)/3: 
LineDEFAveA'x>ve = CPtA+PtB+PtC)/3: 
LineDEFMaxDif = abs(LineDEFAveBelow-LineDEFAveAbove): 
I* 
Find dle maximum value of the absolute differences 
from the four possibilities. 
*I 
MaxDif = MAX(LineAEIMaxDif.LineBEHMaxDiO: 
MaxDif • MAX(LineCEGMaxDif.MaxDiO: 
MaxDif = MAX(LineDEFMaxDif.MaxDiO: ,. 
If maximum difference is above the threshold. set 
dle pixel of interest (center pixel) to white. If · 
below the threshold optionally copy the input image 
to the ouqnat image. This copying is controlled by 

dle Parameter Overlay • . , . 
if (MaxDif > = Threshold) 

PutPixelinlmage(OutputlmageBuffer .lmageCol.lmageRow. WHITE): 
else if (Overlay) 

PutPixellnlmage(OutputlmageBuffer .lmageCol.ImageRow .PtE): 

}. 
reium(NoError): 

} 
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1·······································•1 
I* FRPOCES.H •/ 
1• Image Processing Header File • / 
I* Frame Processing Functions •1 
I* wriuen in Turbo C 2.0 *I 

1······················~·················1 

I* User defined image combination type *I 

53 

typedef enum {And.Or .Xor .Add.Sub.Mult.Div .Min.Max.Ave.Overlay} Bitf~on: 

I* Frame Process Function PrototypeS *I 

void Combinelmages(BYTE huge! *Slmage, 
unsigned SCol. unsigned SRow, 
unsigned SWidlh. unsigned SHeighi. 
BYTE huge *Dlmage, 
unsigned DCol. unsigned DRow, 
enum Bitfunction CombineType, 
shon Scale); 
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54 , ............•........................... , 
t• FPROCES.C •1 
1• Image Processing Code •/ 
1• Frame Process funetions •/ 
1• wriaen in Turbo C 2.0 •/ , .......................................• , 
#include <stdio.h > 
#include < stdlib.h > 
#include < conio.h > 
#include <dos.h > 
#include < alloc.h > 
#include < process.h > 
#include < graphics.h > 
#include "misc.h" 
#include "pcx.h" 
#include "vp.h" 
#include "imagesup.h" 
#include "frprocess.h" 

1• Single function performs all image combinations•/ 

void Combinelmages(BYTE' huge *Slmage. 

{ 

· unsigned SCol. unsigned SRow. 
unsigned SWidm. unsigned SHeight, 
BYTE huge •Dlmage, 
unsigned DCol. unsigned Dltow, 
enmn BitFunCtion CombineType. 
shonScale) 

register unsigned SlmageCol. SlmageRow. DestCol: 
shon SData. DData; 
unsigned SColExtent. SRowEXtem: 

if (ParameterCheckOK(SCol.SRow.SCol +SWidth.SRow + SHeight. "Combinelmages"l &.&. 

{ 
ParameterCheckOK(DCol.DRow .DCol +SWidm.DRow+SHeight. "Combinelmages")) 

SColExtent = SCol+SWidm: 
SRowExtent = SRow+SHeight: 

for CSlmageRow = SRow: SlmageRow < SRowExtent: SlmageRow++) 
{ 

t• Reset me deslination Column count every row*/ 
DestCol = DCol: 
for (SlmageCol = SCol: SlmageCol < SColExtent: SlmageCol + +) 
{ 

t• Get a byte of me source and dest image data •/ 
SData • GetPlxeJFromlmage(Slmage.SlmageCol.SlmageRow): 
DData • GetPixeiFromlmage(Dlmage.DestCoi.DRow): 

1• Combine source and dest data according to parameter•/ 
switch(CombineType) 
{ 

case And: 
DData &=· SDala: 
break; 

case Or: 
DData I = SData: 
break; 

case Xor: 
DData .. = SData: 
break; 
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} 
} 

} ,. 

case Add: 
DData + = SData: 
break: 

case: Sub: 
DData -= SData: 
break: 

case Mult: 
DData *= SData: 
break; 

case Div: 
if (SData ! = 0) 

DData /= SData: 
break: 

case Min: 
DData = MIN(SData.DData); 
break; 

case Max: 
DData • MAXCSD!lta.DData): 
break; 

case Ave: 
DData • (SData + DData)/2: 
break; 

case Overlay: 
DData = SData: 
break: 

SS 

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 • . , 
if (Scale < or 

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

DData > > = Scale: 

t• Don't let lhe pixel data get out of range•/ 
DDatl = CDData < MINSAMPLEVAL) ? MINSAMPLEVAL:DDati: 
DData = (DData > MAXSAMPLEVAL) ? MAXSAMPLEV AL:DData: 
PutPixellnlmage(Dlmage.DestCol + + .DRow .DData); 

} 
I* Bump to next row in the destination image*/ 
DRow++: 
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56 , ........................................ , 
1• _ GEPROCES.H •/ 
1• Image Processing Header File • / 
1• Gcomcaic Processing Functions •/ 
t• written in Turbo C 2.0 */ , ........................................ , 
I* Misc user defined typCS */ 
typedef enum {HorizMirror.VenMirror} MirrorType: 

1• Geometric processes function prototypCS •/ 
void Scalelmage(BYTE huge *Inlmage. unsigned SCol. unsigned SRow, 

unsigned SWidth. unsigned SHeight. 
double ScalcH. double ScaleV, · 
BYTE huge *OuwDage, 
unsigned DCol. unsigned DRow, 
unsigned Inmrpola1e); 

void Sizelmage(BYTE huge *lnlmage. unsigned SCol. unsigned SRow. 
unsigned SWidlh. unsigned SHeight. 
BYTE huge •Qutlmage, 
unsigned DCol. unsigned DRow. 
unsigned DWidlh. unsigned DHeight, 
unsigned InterpolllC): 

void Rotatelmage(BYTE huge •fnlmage. unsigned Col. unsigned Row. 
unsigned Widlh. unsigned Height. double Angle. 
BYTE huge •Qutlmage. unsigned Interpola1e): 

void Translatelmage(BYTE huge *lnlmage, 
unsigned SCol. unsigned SRow. 
unsigned SWidth. unsigned SHeight. 
BY'ra huge *Oudmage. 
unsigned DCol. unsigned DRow, 
unsigned EraseFlag); 

void Mirrorlmage(BYTE huge *lnlmage. 
unsigned SCol. unsigned·SRow. 
unsigned SWidlh. Unsigned SHeight. 
enum MirrorType WhichMirror, 
BYTE huge •Qudmage. 
unsigned DCol. unsigned DRow); 
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, ..•....................................• , 
I* GEPROCES.C •/ 
I* Image Processing Code • / 
1• Gcomc'"c Processing Func1ions •/ 1• · wrinen in Turbo C 2.0 •1 
1·.·······································1 

. . 
#include <stdio.h> 
#include < conio.h > 
#include < dos.h > 
#include < alloc.h > 
#include < proccss.h > 
#include < math.h > 
#include < graphics.h > 
#include "mi$c.h• 
#include "pcx.h • 
#include "vga.h~ 
#include "imagcsup.h" 

57 

void Scalelmage(BYTE huge *Inlmage. unsigned SCol. unsigned SRow. 
unsigned SWidth. unsigned SHeight, 
double ScaleH. double ScaleV. 
BYTE huge *Outlmage. 
unsigned DCol. unsigned DRow. 
unsigned Interpolate) 

{ . 
unsigned DestWidth. DcstHeight; 
unsigned PtA. PtB. PtC. PtD. PixelValue; 
register unsigned SPixclColNum. SPixelRowNum. DestCol. DcstRow: 
double SPixclColAddr. SPixelRowAddr: 
double ColDclta. RowDclta; 
double ComribFromAandB. ComribFromCandD; 

DcstWidth = ScaleH • SWidth + O.S; 
DcstHeight = ScaleV • SHeight+ 0.5: 

if CParamcterCheckOK(SCol.SRow .SCol +SWidth.SRow+SHeight. "Scalelmage") && 
ParamcterCheckOKCDCol.DRow .DCol + DcstWidth.DRow+ DestHeight. "Scalelmage")) 

I* Calculations from destination pcrspeaive •/ 
for (DestRow ·= O: DestRow < DcstHeight: DcstRow+ +) 

{ 
SPixelRowAddr = DcstRow/ScaleV: 
SPixelRowNum =(unsigned) SPixelRowAddr: 
RowDclta = SPixelRowAddr - SPixelRowNum: 
SPixelRowNum + = SRow: 

for (DcstCol = O: DcstCol < DcstWidth: DestCol + +) 
{ . 

SPixelColAddr = · DcstCol/ScaleH: 
SPixelColNum = (unsigned) SPixelColAddr: 
ColDclta = SPixclColAddr - SPixclColNum; 
SPixelColNum + = SCol; 

if (lmcrpolate) 
{ 

I* 
SPixclColNum and SPixelRowNum now contain the pixel 
coordinales of the upper left pixel of the rargcaed 
pixel's (point X) neighborhood. This is poim A below: 

A B 
x 
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} 
} 

} 

} 

58 
C D 

We must retrieve lhe brightness level of each of lhe 
four pixels to calcuJille lhe value of die pixel put into 
lhe destination image. 

Get point A brightness as it will always lie within lhe 
input image area. Check to make sure the other points are 
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 lhe edges on an image • . , 
PtA = GetPixelFromlmage(lnlmage.SPixeiColNwn.SPixelRowNum); 
if(((SPixelColNwn+l) < MAXCOLS) && ((SPixelRowNum+l) < MAXROWS)) 
{ 

} 
else 
{ 

PtB = GetPixelFromlmage(Inlmage.SPixelColNum+ l .SPixelRowNum); 
PtC = GetPixelFromlmage(Inlmage.SPixelColNum~SPixelRowNum+ 1): 

PtD = GetPixelFromlmage(Inlmage,SPixelColNum + l.SPixelRowNum +I): 

I* All points have equal brighmess */ 
PtB=PtC=PtD=PtA: • 

,. . 

Interpolate to find brightness contribution of each pixel 
in neighborhood. Done in bolh the horizontaland vertical 
directions. 
*I 
ContribFromAandB = ColDelta*((double)PtB - PtA) + PtA: 
ContribFromCandD = ColDelta*((double)PtD - PtC) + PtC; 
PixelValue = O.S + ContribFromAandB + 

(ContribFromCandD - ContribFromAandB)*RowDelta: 

else 
PixelValue=GetPixelFromlmage(lnlmage.SPixelColNum.SPixelRowNwn): 

1• Put the pixel into the destination buffer*/ 
PutPixellnlmageCOutlmage.DestCol + DCol.DestRow+ DRow .PixelValue): 

void Sizelmage(BYTE huge *lnlmage. unsigned SCol. unsigned SRow. 
unsigned SWidlh. unsigned SHeight. 

{ 

BYTE hug~ *Outlmage. 
unsigned DCol. unsigned DRow. 
unsigned DWidlh. unsigned DHeight. 
unsigned Interpolate) 

double- HScale, VScale: 

I* 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 scale factors required 
to fit specified ponion of input image into specified portion 
of output image. 
*I 
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HScale • (double)DWidth/(double)SWidth: 
VScale = (double)DHeight/(double)SHeight; 

1• Call Scalelmage·to do the actual work•/ 
· Scalelmage(Jnlmage.SCol.SRow .SWidth.SHeight.HScale. VScale, 

Outlmage,DCol.DRow.InterpoJate); 
} 

} 

. void Rowelmage(BYTE huge *Inlmage. unsigned Col. unsigned Row, 
unsigned Width. unsigned Height. double Angle, 
BYTE huge •Oudmage. unsigned Imerpolate) 

{ 
register unsigned lmageCol. ImageRow: 
unsigned Cemei'Col, CenterRow. SPixelColNum. SPixelRowNum; 
unsigned .ColExtent. RowExtent. PixelValue: 
unsigned PtA. PtB. PtC. PtD; 
double DPixelRelativeColNum. DPixelRelativeRowNum: 
double CosAngle. SinAngle, SPixelColAddr, SPixelRowAddr: 
double ColDelta, RowDelta; 
double ComribFromAandB. ContribFromCandD: 

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

t• Angle.must be in 0 •• 359.9 •/ 
while (Angle > = 360.0) 

Angle-= 360.0: 

1• Conven angle from degrees to radians •/ 
Angle "!= ((double) 3.14159/(double) 180.0); 

1• Calculate angle values for rotation•/ 
CosAngle • cos(Angle); 
SinAngle = sin(Angle): 

t• Center of rotation • / 
CenterCol = Col + Width/2: 
CenterRow • Row + Height/2: 

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

,. 
All calculations are performed from the destination image 
perspective. Absolute pixel values must be convened into 
inches of display distance to keep the aspect value 
correct when image is rotated. After rotation. the calculated 

. display distance is convened back to real pixel values • . , 
for (lmageRow =Row: ImageRow < RowExtent: ImageRow++) 
{ 

DPixelRelativeRowNum ., (double)lmageRow - CemerRow: 
1• Conven row value to display disrance from image center•/ 
DPixelRelativeRowNum •= LRlNCHESPERPIXEL VERT: 

for (lmageCol =Col: lmageCol <: ColExtent: lmageCol++) 

{ . 

DPixelRelativeColNum • (double)lmageCol - CenterCol: 
I* Convert col value to display distance from image center•/ 
DPixelRelativeColNum •= LRINCHESPERPIXELHORJZ: ,. 
Calculate source pixel address from destination 

SUB·STITUTE SHEET (RULE 26) 
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pixels position. 
*I 

60 

SPixeJColAddr = DPixelRelativeColNum*CosAngl~ 
. DPixelRelativeRowNum*SinAngle: 

SPixelRowAddr = DPixelRelativeColNum*SinAngle+ 
DPixelRelativeRowNum*CosAngle; 

I* 
Conven from coordinates relative to image 
center baclc into absolute coordinates. 
*I 
I* Conven display distance to pixel location *I 

SPixelColAddr * = LRPIXELSPERINCHHORIZ: 
SPixelColAddr + = CenterCol: 
SPixelRowAddr *= LRPIXELSPERINCHVER.T; 
SPixelRowAddr + = CenterRow; 

SPixelColNum = (unsigned) SPixelColAddr: 
SPlxelRowNum =(unsigned) SPixelRowAddr; 
ColDelta = SPixelColAddr • SPixelColNum: 
RowDelta = SPixelRowAddr • SPixelRowNum: 

if (Interpolate) 
{ 

I* 
SPixelColNum and SPixelRowNum now contain ·me pixel 

coordinateS of the upper left pixel of the targetted · 
pixel's (point X) neighborhood. This is point A below: 

A B 
x 

C D 
We must retrieve the brightness level of each of the 
four pixels to calculate the value of the pixel put into 

the destinujon image. 

Get point A brightness as it will always lie within the 

input image area. Check to make sure the other points are 

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. 
*I 

PtA = GetPixelFromlmage(Inlmage.SPixelColNum.SPixelRowNum): 

PCT/CA95/00727 

if (((sPixelColNum+ 1) < MAXCOLS) && ((SPixelRowNum+ 1) < MAXROWS)) 

{ 

} 
else 
{ 

I* 

PtB = GetPixelFromlmage(lnlmage.SPixelColNum + l .SPixelRowNum); 

PtC = GetPixelFromlmage(Inlmage.SPixelColNum.SPixelRowNum+ 1); 

PtD = GetPixelFromlmage(Inlmage.SPixelColNum+ l .SPixelRowNum+ 1 ): 

/*All points have equal brightness */ 
PtB• PtC =PtD=PtA: 

Inrerpolate to find brightness contribution of each pixel 

in neighborhood. Done in both the horizontal and vertical 

directions. 
*I 
ComribFromAandB • ColDelta*((double)PtB - PtA) + PtA: 

ComribFromCandD = ColDelta*((double)PtD • PtC) + PtC: 

PixelValue • O.S + ContribFromAandB + 
· (ComribFromCandD - ContribFromAandB)*RowDelta; 

·sueSTITUTE SHEET (RULE 26) 
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} 

,. 

} 
} 

61 
} 
else 

PixelValue=GetPixelFromlmage(Inlmage.SPixelColNum.SPixelRowNum): 

1• Put the pixel· into the destination buffer • / 
PutPixellnlmage(Owlmage.ImageCol.lmageRow .PixelValue); 

} 

Caution: images must not overlap ., 
void Translatelmage(BYTE huge *lnlmage. 

{ 

unsigned SCol. unsigned SRow, 
unsigned SWidth. unsigned SHeigbt, 
BYTE huge *Outlmage. 
unsigned DCol. unsigned DRow, 
unsigned EraseFlag) 

register unsigned SlmageCol. SlmageRow. DestCol: 
unsigned SColE.xtent, SRowExtent; • 

t• Check for parameters out of range •/ 
if (ParameterCbeckOK(SCol,SRow .SCol +SWidth.SRow +·SHeigbl. •Translatelmage") && 

ParameterCheckOK(DCol.DRow .DCol +SWidth.DRow +SHeight. "Translatelmage")) 
{ . 

SColE.xtent = SCol +SWidth; 
SRowE.xtent • SRow+SHeigbt; 

for (SlmageRow = SRow: SlmageRow < SRowE.xtem: SlmageRow+ +) 
{ 

} 

t• Reset the destination Column count every row • t 
DestCol = OCol: 
for (SlmageCol = SCol: SlmageCol < SColE.xtent: SlmageCol + +) 
{ . 

} 

t• Transfer byte of the image data between buffers • t 
PutPixellnlmage(Outlmage.DestCol + + .DRow. 

GetPixelFromlmage(lnlmage.SlmageCol.SlmageRow)): 

t• Bump to next row in the destination image • t 
DRow++: 

t• If erasure specified. blot out original image•/ 
if (EraseFlag) 

ClearlmageAreaClnlmage.SCol.SRow.SWidth.SHeigbt.BLACK): 
} 

} 

void Mirrorlmage(BYTE huge ~lnlmage, 

{ 

unsigned SCol. unsigned SRow •. 
unsigned SWidth. unsigned SHeight, 
enum MirrorType WbichMirror. 
BYTE huge •OutJmage, 
unsigned DCol. unsigned DRow) 

register unsigned SlmageCol. SlmageRow. DestCol: 
unsigned SColE.xtent. SRowE.xtent; 

1• Check for parameters out of range • t 
if CParameterCbeckOK(SCol.SRow .SCol +SWidth.SRow +SHeight. "Mirrorlmage") && 

. "{. 
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} 

{ 

62 
ParameterCheckOK(DCol.DRow .DCol +SWidth.DRow +SHeight. "Mirrorlmage")) 

SColExtent = SCol+SWidlh: 
SRowEx.tent = SRow+SHeight: 

switch(WhichMirror) 
{ 

case HorizMirror: . 
for (SlmageRow = SRow: SlmageRow < SRowEx.tent: SlmageRow+ +) 
{ . 

} 

1• Reset the destination Column count every row •I 
DestCol • DCol + SWidlh: 
for (SlmageCol = SCol: SimageCol < SColExtent: SlmageCol + +) 
{ 

} 

1• Transfer byte of lhe image data between buffers •/ 
PutPixelinlmage(Outlmage.-DestCol.DRow, 

GetPixelFromlmage(lnlmage,SlmageCol.SlmageRow)): 

t• Bump to next row in lhe destination image*/ 
DRow++; 

break: 
case VenMirror: 

DRow + = CSHeight·I); . . 
for (SlmageRow = SRow: SlniageRow < SRowExrent: SlmageRow+ +) 
{ 

} 

1• Reset the destination Column coum every row •/ · 
DestCol = DCol: 
for (SlmageCol = SCol: SimageCol < SColExtent: SlmageCol + +) 
{ 

} 

I* Transfer byte of the image data between buffers •/ 
PutPixellnlmage(Outlmage.DestCol + + .DRow. 

GetPixelFromlmage(lnlmage.SlmageCol.SlmageRow)): 

t• Bump to next row in lhe destination image • / 
DRow-: 

break: 
} 

} 

.. 
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63 

;······································••/ 1• IMAGESUP.H •/ 
1• Image Processing Header File •/ 
1• Image Processing Suppon Functions */ 
1• · wrinen in Turbo C 2.0 •t 

·.1••·················~····················1 ,. 
This file includes the general equates used for all of me 
image processing code in pan two of Ibis book. Throughout 
these equates. a 320x200 256 color image is assumed. If the 
resolution of the processed pictures change. the equaies 
MAXCOLS and MAXROWS must change accordingly . . , 
1• Pixel Sample Information and Equates•/ 
#define MAXSAMPLEBITS 6 · t• 6 bits from digitizer */ 
#defme MINSAMPLEV AL 0 t• Min sample value • 0 •1 

t• Max num of sample values •/ 
#define MAXQUANTLEVELS (1 < <MAXSAMPLEBITS) 
/*Max sample value = 63 •t 
#define MAXSAMPLEV AL (MAXQUANTLEVELS-J) 

I* Image Resolution Equates • t 
#define MINCOLNUM 0 t• Column 0 *I 
#define MAXCOLS LRMAXCOLS 1• 320 total columns */ 
#define MAXCOLNUM (MAXCOLS-1) /*Last column is 319 */ 
#define MINROWNUM 0 I* Row 0 •/ 
#define MAXROWS LRMAXROWS /* 200 total rows */ 
#define MAXROWNUM (MAXROWS-1) /*Last row is 199 */ . 
#define RASTERSIZE ((long)MAXCOLS • MAXROWS) 
#define MAXNUMGRA YCOLORS MAXQUANTLEVELS 

. 1• 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 +HJSTOHEIGHT-5) 
#define AXISLENGTH MAXQUANTLEVELS*2·1 
#define DATACOL AXISCOL 
#define DATAROW AXISROW-1 
#define MAXDEFLECTION _(HISTOHEIGHT-10) 

1• External Function Declarations and PrototypeS •/ 

void C0pylmage(BYTE huge •sourceBuf. BYTE huge *DestBuf): 

BYTE GetPixelFromlmage(BYTE huge *Image. unsigned Col. unsigned Row): 

CompletionCode PutPixellnlmage(BYTE huge *Image. unsigned Col. 
unsigned Row. unsigned Color): 

CompletionCode DrawHLine(BYTE huge *Image. unsigned Col. unsigned Row. 
unsigned Lengdl. unsigned Color); 

: ·~~ .... 
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CompletionCode DrawVLine(BYTE huge *Image. unsigned Col. unsigned. Row. 

· unsigned Length. unsigned Color); 

void ReadlmageAreaToBuf (BYTE huge *Image. unsigned Col. unsigned Row, 

unsigned Width. unsigned Height, 
BYTE huge *Buffer): 

void WritelmageAreaFromBuf (BYTE huge *Buffer. unsigned BufWidth. 

unsigned BufHeight, BYTE huge *Image. 
unsigned ImageCol. unsigned lmageRow); 

void ClearlmageArea(BYTE huge *Image.unsigned Col. unsigned Row, 

unsigned Width. unsigned Height, 
unsigned PixelValue): 

CompletionCode ParameterCheckOKCunsigned Col. unsigned Row, 

unsigned ColExtent. unsigned RowExtent. 
char *ErrorStr); 

.. . 
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. , .•.•.••.••..••..••••....••.•..........• _., 
1• IMAGESUP.C •/ 
1• Image Processing Suppon Functions • / 
I* wriaen in Turbo C 2.0 •/ , ........................................ , 
#include < stdio.h> 
#include <process.h> 
#include < conio.b > 
#include < dos.h > 
#include <alloc.h> 
#include < mem.h > 
#include < graphics.b > 
#include "misc.h" 
#include "pcx.h • 
#include "vga.h" 
#include "imagesup.h" 

emm suuct PCX_File PCXDara; 
emm unsigned lmageWidth: 
extern unsigned lmageHeight: 

,. 

65 

Image Processing ~uppon Functions - See text for derails • . , 
,. 
Copy a complete image from source buffer to destination buffer ., 
void Copylmage(BYTE huge •sourceBuf. BYTE huge *DestBuf) 
{ 

movedata(FP _SEG(SourceBuf).FP _ OFF(SourceBuf). 
FP SEG(J)estBuf).FP OFF(DestBuf), 
(uDSigned) RASTERSlzE): 

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

BYTE GetPixelFromlmage(BYTE huge *Image. unsigned Col. unsigned Row) 
{ 

} 

unsigned long PixeJBufOffset: 

if((Col < ImageWiddl) &It. (Row < lmageHeight)) 
{ . 

PixelBufOffset • Row: : I* done to prevent overflow • / 

} 

PixelBufOffset • ... lmageWidth: 
PixelBufOffset + "" Col; 
retum(lmage(PixelBufOffs.et]): 

primf("GetPixelFromlmage Error: Coordinate out of range\n"): 
priiuf(" Col = %d. Row "" %d\n" .Col.Row); 
remm(FALSE); 

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

{ 

· S~BSTJTtT:TE SHEET (RULE 26) 
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66 
unsigned long PixeJBufOffset: 

if((Col < ImageWidth) && (Row < lmageHeight)) 
{ 

PixelBuf'Offset • Row: /* done to pre¥em overflow */ 

} 

PixelBufOffset *= lmageWidth: 
PixelBufOffset + = Col: 
Image[PixelBufOffset) = Color: 
remrn(TRUE); 

else 
{ 

printf("PutPixelinlmage Error: Coordinate out of range\n"): 
printf(" Col• 3d Row= 3d\n",Col.Row); 
remm(FALSE); 

} 
} 

,. 
NOTE: A length of 0 is one pixel on. A length of l is two pixels 
on. That is why length is incremented before being used~ ., 
Completionc;:ode DrawHLineCBYTE huge *Image. unsigned Col. unsigned Row. 

unsigned Length. unsigned Color) 

{ 

} 

if ((Col < lmageWidthl && ((Col+Length) < = ImageWidth) && 
(Row < lmageHeight)) 

{ 
Length++: 
while(Length-) 

PutPixellnlmage(lmage.Col ++.Row .Color); 
retum(TRUE); 

} 
else 
{ 

printf("DrawHLine Error: Coordinate out of range\n"): 
printW Col = 3d Row= 3d Length= 3d\n".Col.Row.Length): 
reium<FALSE): . 

} 

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

{ 
if ((Row < lmageHeight) && ((Row+ Length) < = ImageHeight) && 

{ 
{Col < lmageWidth)) 

Length++: 
whileCLength-) 

PutPixellnlmage(lmage,Col.Row ++.Color): 
remn(TRUE): 

} 
else 
{ 

primf("DrawVLine Error: Coordinate out of range\n"): 
printf(" Col = 3d Row= 3d Length= 3d\n".Col.Row.Length): 
retum(FALSE): 

} 
} 

void ReadlmageAreaToBuf (BYTE huge *Image, unsigned Col. unsigned Row • 
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} 

67 
unsigned Width. unsigned Height, BYTE huge *Buffer) 

unsigned long PixelBufOffset = OL: 
register unsigned ImageCol. ImageRow: 

for (lmageRow•Row: lmageRow < Row+Height; ImageRow+ +) 
for (lmageCol=Col: ImageCol < Col+Width: ImageCol++) 

Buffer[PixelBufOffset + +] = 
GetPixelFromlmage(Image.lmageCol.ImageRow): 

void WritelmageAreaFromBuf (BYTE huge *Buffer. unsigned BufWidth, 
unsigned BufHeight. BYTE huge *Image, 
unsigned lmageCol. unsigned lmageRow) 

{ 
unsigned long PixelBufOffset: 
register unsigned BufCol. ButRow. CurrentlmageCol: 

for (BufRow = 0: BufRow < BufHeight: BufRow++) 
{ 

CurrentlmageCol = ImageCol: 
for (BufCol = O: BufCol < BufWidth: BufCol + +) 
{ 

PixelBufOffser = (unsigned long)ButRow*BufWidth+BufCol: 

-} 

PutP.ixellnlmage(Image,CurrentlmageCol.IinageRow.Buffer{PixelBufOffset]): 
~urrentlmageCol + +; 

ImageRow+.+; 
} 

} 

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

{ 

I* 

unsi!!ned Pixe!Value) 

register unsigned BufCol. ButRow: 

for <ButRow = 0: BufRow < Height: BufRow + +) 

for <BufCol = O: BufCol < Width: BufCol++) 
PutPixellnlmage(lmage.BufCol +Col.BufRow+ Row .PixelValue): 

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. 
*I . 

CompletionCode ParameterCheckOK<unsigned Col. unsigned Row, 

{ 

unsigned ColExtent. unsigned RowExtent. 
char *FunctionName) 

if ((Col > MAXCOLNUM) ·11 <Row > MAXROWNUM) 11 

{ 

· .... · 

. (ColExtent > MAXCOLS) 11 (RowExtent > MAXROWS)} 

restorecmnode(); 
printf(.Parameter(s) put of range in function: 3s\n• .FunctionName): 
printfC- Col •· 3d Row• 3d ColExtent • 9'd RowExtent = 9'd\n". 

Col. Row. ColExtent. RowExtent): 

· ,SUBsmtJTE SHEET (RULE 26) 
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} 

exit(EBadParms): 
} 
rewm(TRUE); 
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69 , ........................................ , 
I* PTPROCES.H •t 
I* Image Processing Header File * / 
!* Point Processing Functions */ 
t• written in Turbo C2.0 •/ , .......................................• , 
extern unsigned Histogram[MAXQUANTLEVELSJ; 

t• Function Protol)'l'es for suppon and histogram functions•/ 
void lnitializeLUT(BYTE *LookUpTable); 

void PtTransform(BYTE huge •Imagel>ara. unsigned Col, 
unsigned Row. unsigned Width. 
unsigned Height. BYTE *LookUpTable); 

void GenHistogram(BYTE huge •ImageData. unsigned Col. 
unsigned Row. unsigned Width. 
unsigned Height); 

void DisplayHist(BYTE huge •ImageData.unsigned Col. 
unsigned Row. unsigned Width. 
unsigned Height): 

I* Point transfonn functions •/ . 
void AdjlmageBrightness(BYTE huge *lmageData. shon BrighmessFact0r. 

unsigned Col. unsigned Row, 
unsigned Width. unsigned Height); 

void Negatelmage(BYTE huge •ImageData. unsigned Threshold. 
unsigned Col. unsigned Row. 
unsigned Width. unsigned Heigh!): 

void Thresholdlmage(BYTE huge *lmageData. unsigned Threshold. 
unsiJ!lled Col. unsigned Row, 
unsigned Width. unsigned Height): 

void StretchlmageContrast<BYTE huge •ImageData. unsigned *HistoData. 
unsigned Threshold. 
unsigned Col. unsigned Row. 
unsigned Width. unsigned Height): 

:-.· .. sva.STJTtJTE SHEET. (RULE 26) 
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, ........................................ , 
J• PTPROCES.C •/ 
I* Image Processing Code • / · 
I* Point Process Functions •/ 
t• written in Turbo C 2.0 · •/ , .......................•................ , 
#include <stdio.h> 
#include <stdlib.h> 
#include <conio.h> 
#include < dos.b > 
#include < alloc.h > 
#include < process.h > 
#include < graphics.h> 
#include "misc~h" 
#include "pcx.h" 
#include "vga.h" 
#include "imagesup.h" 

t• Histogram storage location*/ 
unsigned Histogram[MAXQUANTLEVELS]: 

I* 
Look Up Table <Lun Functions 

70 

Initialize the Look Up Table (LUT) for straight through 
mapping. If a point transform is performed on an initiaiir.ed 
LUT. ouqmt 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 Clndex = 0: lndeit < MAXQUANTLEVELS: Index++) 
LookUpTable(lndex] = Index: 

I* 
This function performs a point transform on the portion of the 
image specified by Col. Row. :Width and Height. The acwal 
uansform is contained in the L.Ook Up Table who address 
is passed as a -parameter. 
*I 

void PtTransform(BYTE huge *lmageData. unsigned Col. unsigned Row. 
unsigned Width. unsigned Height. BYTE *LookUpTable) 

{ 

register unsigned lmageCol. lmageRow: 
register unsigned ColExtent. RowExtent: 

ColExtent = Col+ Width; 
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} 

71 
RowE.xtcnt = Row+Height; 

if(ParameterCheckOK(Col,Row.ColExtent.RowExtent, •PtTransform·)) 
for (lmageRow=Row: ImageRow < RowExtent: lmageRow++) 

for (lmageCol=Col: lmageCol < ColExtent: ImageCol++) 
· PutPixellnlmage(lmageData.lmageCol.lmageRow. 

LookUpTable[GetPixelFfomhnage(lmageData.lmageCol,lmageRow)]):· 

1• nan of histogram funclions 

This function calculates the histogram of any ponion of an image . . , 
void GenHistogram(BYTE huge *lmageData. unsigned Col. unsigned Row. 

unsigned Width. unsigned Height) 
{ 

register unsigned lmageRow. lmageCol. RowExtent. ColExtent: 
register unsigned Index; 

1• clear dle histogram amy • / 
for (lndex•O: Index< MAXQUANTLEVELS: Index++) 

Histogram(l!Jdex] = 0: 

RowExte~t = Row+ Height; . 
ColExtent = Col+ Widdl; 

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

1• calculate the histogram•/ 
for (lmageRow =Row: lmageRow < RowExtent: lmageRow++) 

for (lmageCol • Col: ImageCol < ColExtent: lmageCol+ +) 
Histogram[GetPixelFromlmage(lmageData.ImageCol.lmageRow)] + = 1: 

} 
} 

!* 
This funclion calculates and displays the histogram of an image 
or panial image •. When called i1 assumes the VGA is already 
in mode 13 hex . . , 
void DisplayHist(BYTE huge •ImageData. unsigned Col. unsigned Row, 

unsigned Width. unsigned Height) 
{ 

BYTE huge *Buffer: . 
register unsigned Index. Linel..ength. XPos. YPos: 
unsigned MaxRepeat: 

I* Alloca.te enough memory t0 save image under histogram *I 
Buffer = (BYTE huge*) farcalloc((loilg)HISTOWlDTH*HISTOHEIGHT.sizeof(BYTE)); 

if (Buffer = = NUU..) 
{· 

} 

printt(•No buffer memory\n"); 
exit(ENoMemory); 

I* Save· a copy of the image • / 
ReadlmageAreaToBuf(lmageData.HISTOCOL.HISTOROW ,HISTOWIDTH.HISTOHEIGHT. 

Buffer); 
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,. 
Set VGA color register 65 to red. 66 to green and 67 to 
blue so dle his10gram can be visually separated from 
lhe continuous tone image • . , 
SetAColorReg(6S .63,0.0): 
SetAColorReg(66.0.63.0); 
SetAColorReg(67 .o.0.63}; 

1• Calculaie me his10gram for me image • / 
GenHislOgram(lmageDau. Col. Row. Width. Height): 

Maxllepeat • O: 

,. 
·Find lhe pixel value repeated lhe most. It will- be u5ed for 

scaling. ., 
for (lndex•O: Index< MAXQUANTLEVELS: Index++) 

MaxRepeat. = (Histogram[lndex) > MaxRepeat) ? 

HiSIOgram[lndex):MaxRePelt: 

J• Fi1l background area of hislOgram graph •/ 
ClearlmageArea(lmageData.HISTOCOL.WSTOROW .IUSTOWIDTil.HISTOHEIGHT ,67): 

1• Draw dle bounding box for the hiSIOgram •/ 
DrawVLine(~geDala.HISTOCOL.msTOROW .HISTOHEIGHT-1.BLACK): 

DnwVLine(ImageData.HISTOCOL+msTOWIDTil-1.HISTOROW .HISTOHEIGHT-1.BLAOO: 

DnwHLine(lmageData.WSTOCOL.WSTOROW+HISTOHEIGHT-1.HISTOWIDTil-l.BLACK): 

DrawHLine(lmageData.!-IISTOCOL.HISTOROW .HISTOWIDTil-1.BLACK): 

1• Data base line •/ 
DnwHLine(lmageData.AXISCOL.AXISROW .AXISLENGTII. WHITE): 

DnwHLine(lmageData.AXISCOL.AXISROW + l .AXISLENGTII. WHITE): ,. 
Now do dle acwal his10gram rendering inlO the 
image buffer . . , 
for (lndex=O: Index< MAXQUANTLEVELS: Index++) 
{ 

LineLength = (unsigned)(((long) Histogram[lndex] • MAXDEFLECTION) I 
(long) MaxRepeat); 

XPos • DATACOL + lndex*2: 
YPos = DAT AROW • LineLenglh: 
DrawVLine(lmageData.XPos. YPos.LineLength,66); 

} 

,. 
Display me image overlayed with the histogram ., 
~playlmagelnBuf(lmageData.NOVGAINIT. W AITFORICEY): 

t• After display. restore image data under histogram • / 
WriielmageAreafromBuf(Buffer.HISTOWIDTH.HISTOHEIGHT .ImageData. 

WSTOCOL.HISTOROW); 

farfree((BYTB far *)Buffer): 
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t• Various Point Transformation Functions•/ 

void AdjlmageBrighmess(BYTE.huge •JmageData.· shon BrighmessFactor. 
unsigned Col. unsigned Row. 

{ 
register unsigned Index: 
regist~ shon NewLevel: 

unsigned. Width. unsigned Height) 

BYTE LookUpTable[MAXQUANTLEVELS}: 

for(lndex = MINSAMPLEVAL: Index< MAXQUANTLEVELS: Index++) { . . . . . 

NewLevel = Index + BrighmessFactor: ... 
NewLevel = (New Level < MINSAMPI.EV AL) '! MINSAMPI.EVAL:NewLevel: 
New Level = (New Level > MAXSAMPLEV AL) '! MAXSAMPLEV AL:NewLevel: 
LookUpTable[Index] = NewLevel: 

} 
PtTransform(ImageData.Col.Row. Width.Height.LookUpTable): 

} . 

,. . 
This function will negate an image pixel.by pixel. Threshold is 
the value of image data where the negawion begins. If 
threshold is O. all pixel values are negated. That is. pixel value 0 
becomes 63 and pixel value 63 becomes 0. If threshold is greater 
than O. the pixel values in the range O •• Thresbold-1 are left 
alone while pixel values between Threshold •• 63 are negared . . , 
void Negatelmage(BYTE hr1ge *lmageData. unsigned Threshold. 
· unsigned Col. unsigned Row. 

{ 
unsigned Width. unsigned Height) 

register unsigned Index: 
BYTE LookUpTable[MAXQUANTLEVELS]: 

t• Straight through mapping initially•/ 
lnitializeLUT(LookUpTable): · 

t• from Threshold onward. negate entry in LUT •/ 
for (Index = Threshold: Index < MAXQUANTLEVELS: Index++) 

LookUpTable[Index] = MAXSAMPLEV AL - Index: 

PtTransform(lmageData.Col.Row. Widda.Height.LookUpTable): 
} 

,. 
This function convens a gray scale image to a biliary image with each 
pixel. either on (WHITE) or off (BLACK). The pixel level at 
which the cut off is made is conttolled by Threshold. Pixels 
in the range o .. Threshold-1 become blaclc while pixel values 
between Threshold •• 63 become white • . , 
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void Thresholdlmage(BYTE huge *lmageDara. unsigned Threshold. 
unsigned Col. unsigned Row, 

{ 
unsigned Width. unsigned Height) 

register unsigned Index: 
BYTE LookUpTable[MAXQUANTLEVELS}: 

for (Index = MINSAMPLEV AL: Index < Threshold: Index++) 
LookUpTable[Index] = BLACK; 

for (Index = Threshold: Index < MAXQUANTLEVELS: Index++) 
LookUpTable(Index} • WHITE: 

PtTransfonn(lmageData.Col.Row,Width.Height.LookUpTable): 

} 

void StretchlmageContrast(BYTE huge *lmageData. unsigned *HistoData. 
unsigned Threshold, 

{ 

unsigned Col. unsigned Row. 
unsigned Width. unsigned Height) 

register unsigned Index. N~Min. NewMax: 
double StepSiz. Step Val: 
BYTE LookUpTable[MAXQUANTLEVELS); 

,. 
Search from the low bin. towards the high bin for the fim one that 
exceeds the threshold ., 
for (lndex=O: Index< MAXQUANTLEVELS: Index++) 

if {HistoData[lndex] > Threshold) 
break: 

NewMin = Index: 

!* 
Search from the high bin towards the low bin for the first one that 
exceeds the threshold ., 
for (lndex=MAXSAMPLEVAL: Index > NewMin: Index-) 

if (HistoData(Index) > Threshold) 
break: 

NewMax • Index: 

StepSiz = (double)MAXQUANTLEVELS/(double)(NewMax-NewMin+ 1): 

StepVal = 0:0: 

I* values below new minimum are assigned zero in the LUT */ 
for (Index=O: Index < NewMin: Index++) 

LookUpTable(Index] = MINSAMPLEV AL: 

,. values above new maximum are assigned the max sample value., 
for andex=NewMax+l: Index< MAXQUANTLEVELS: Index++) 

LookUpTable(Index] • MAXSAMPI..EV AL: 

1• values between the new minimum and new maximum are suetc:hed */ 
for (Index•NewMin: Index < = NewMax: Index++) 
{ 
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LookUpTable[lndex) "" StepVal: 
StepVal + = StepSiz; 

} ,. . 

75 

Look Up Table is now prepared to poim uansform the image data . . , . 

PtTransform(lmageData.Col.Row, Width.Height,LookUpTable); 
} . 
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I CLAIM: 

THIS SHEET HAS BEEN 
REPLACED 

1 . A 2-dimens ional display dev_ice on. Which 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 compri~es an array of 

transparent optical reft;"actory elements al~g!l_e~ 

respectively in front of the P.ixels and each having a focal 

15 length 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 a corresponding displacement of an input location 

20 of the light along an input ref raetory surface of the 

optical element whereby tne apparent visual distance from 

the viewer varies according.to the displacement of the 

input location of light. 

25 3. A display device as claimed in claim 2 in which 

the refractory surf aces 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:.::x optical materials in which 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 
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length is linear. 

6. A display device as claimed in claim 2 in which 
. . 

· the relationship between the displacement and the focal 

5 length is non-linear. 

7. A display device as claimed. in claim 2 in which 

each optical.refracting ·e~einent has a focal length which 

varies radially with· respect to an optical axis of the 

10 optical refractory element, 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 light source. 

25 10. A display device as claimed in claim 8 in which 

the display device includes a cat·hode ray tube having 

thereon a plurality of elongate phosphor pixels and 

including means for displacing the electron beam along each 

phosphor pix•l whereby the point at which light is emitted 

30 and the input point of light for the respective optical 

element are similarly displaced. 

11. A display device as claimed in claim 10 in which 

the electron beam is rec~angular in cross-section. 

35 

12. A display device as claimed in ciaim 10 in which 
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the electron beam is oval in cross section. 

13. A display device as claimed in claim 10 in which 

the display device is·a television receiver having means 

5 for e~tracting a depth component for each pixel from a 

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. 

10 
14. A display device as claimed in claim 2 in which a 

minute interstitial gap is provided between the individual 

optical elements. · ·. 

15 15. A display device as claimed in claim 14 in which 

a black opaque material fills the interstitial gap. 

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. 

25 

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. 

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 wt :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 
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· .. : 

as at least two embossed sheets of plastics material which 

are secured together at their edges. 

21. A"display device as claimed in claim 8 in which 

5 the display device is a viewer or pr~jector for a 

10 

.. 
photographic film. transparency 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 transparent point is provided. 

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 ~ynamically varying comprises an array of 

microlenses aligned respectively with the pixels and 

15 applied to the 2-dimensional image, each m1crolens 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 device, 

plasma displ~Y 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 aligped respectively in front of the 

pixels, the location at which the emitted light enters the 

35 optical elements determining the apparent depth of the 

pixel. 
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25. A method according to claim 24 in which the step 

of displacing the location at which light is emitted from 

the 2-dimensional image, comprises displacing the point 

linearly at which light is emitted from the 2-dimensional 

5 image. 

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 location 

10 radially at which light is emitted from the .2-dimensional 

image. 

27. A method of encoding a television broadcast - . . . 

signal comprising the steps o~ generating a depth signal 

15 for _each pixel and adding 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 encoding a television broadcast 

signal as claimed in claim 27 in which ~he step of 

generating the depth signal comprises a triangulation 

25 technique using two spaced cameras. 

30. A method of encoding a television broadcast 

signal as claimed in claim 27 in which the step of 

generating the 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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respective depth components to the pixels according to the 
specified depth. 

32. A 2-dimensional display.device comprising a 
5 · cathode ray tube having thereon a plurality of rectangular 

phosphor pixels each having a length and a width and 
including means for displacing an electron beam along the 
length of each phosphor pixel according to a desired depth, 
and an array of rectangular transparent optical refractory 

10 elements aligned respectively in front of the pixels and 
each having a length and a width, each optical element 
having a focal length which varies progressively along the 
length of the optical element, whereby the apparent visual 
distance from a viewer, positioned in front.of the display . . . 

· 15 device, at which each individual pixel_ appears varies 
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 l 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 length 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 
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desired depth such that there i·s a corresponding 
displacement of an input location of the light along an 
input surface of the optical element whereby the apparent 
visual distance from the viewer varies :according to the 

5 displacement of the input location of light. 

36. A display device as claimed in elaim 1 in Which 
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 . 
displ_acing minutely within a pixel the locat i!l~ at. which .. 
light is emitted according to a des.ired depth such that 

15 there is a corresponding displacement of an input location 

of the light along an input reflecting surface of the 
optical element whereby the apparent visual distance from 
the v~ewer varies according to the displacement of the 
input location of light. 

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 on~ 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 in which the display device is a computer mo~itor and 
computer base~ 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. 
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