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Overall system: 
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Basic configuration: 
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Fig. 2 
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Advanced configuration: 

Wlreless HMD 
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Display ?eld: 
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Virtual sound: 51 
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VTV memory map: 

Translation memory (TM) Memory pages 
Vlrtual realtty memory (VRM) 

Augmented reallly memory (ARM) 

Fig. 8 
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Analogue video compatibility: 
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Analogue video compatibility: 
(8 channel, low sample rate example) 
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Fonuords/Buckwords: 
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Up/ Down: 

V1 V2 V3 V4 

Fig. 19 
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Op’ricol Trucking hardware: 
(simplified system) 

Fig. 20 
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VTV SYSTEM 

REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority of US. provisional 
patent No. 60/212,862 titled “VTV System” ?led Jun. 26, 
2000 by Angus Duncan Richards. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0002] 1.1) The following patent relates to an overall 
hardWare con?guration that produces an enhanced spatial 
television-like vieWing experience. Unlike normal televi 
sion, With this system the vieWer is able to control both the 
vieWing direction and relative position of the vieWer With 
respect to the movie action. In addition to a speci?c hard 
Ware con?guration, this patent also relates to a neW video 
format Which makes possible this virtual reality like eXpe 
rience. Additionally, several proprietary video compression 
standards are also de?ned Which facilitate this goal. The 
VTV system is designed to be an intermediary technology 
betWeen conventional tWo-dimensional cinematography and 
true virtual reality. There are several stages in the evolution 
of the VTV system ranging from, in its most basic form, a 
panoramic display system to, in its most sophisticated form 
featuring full object based virtual reality utiliZing animated 
texture maps and featuring live actors and/or computer 
generated characters in a full “environment aWare” aug 
mented reality system. 

[0003] 1.2) As can be seen in FIG. 1 the overall VTV 
system consists of a central graphics processing device (the 
VTV processor), a range of video input devices (DVD, 
VCR, satellite, terrestrial television, remote video cameras), 
infrared remote control, digital netWork connection and 
several output device connections. In its most basic con 
?guration as shoWn in FIG. 2, the VTV unit Would output 
imagery to a conventional television device. In such a 
con?guration a remote control device (possibly infrared) 
Would be used to control the desired vieWing direction and 
position of the vieWer Within the VTV environment. The 
advantage of this “basic system con?guration” is that it is 
implementable utiliZing current audiovisual technology. The 
VTV graphics standard is a forWards compatible graphics 
standard Which can be thought of as a “layer” above that of 
standard video. That is to say conventional video represents 
a subset of the neW VTV graphics standard. As a result of 
this standard’s compatibility, VTV can be introduced With 
out requiring any major changes in the television and/or 
audiovisual manufacturers speci?cations. Additionally, 
VTV compatible television decoding units Will inherently be 
compatible With conventional television transmissions. 

[0004] 1.3) In a more sophisticated con?guration, as 
shoWn in FIG. 3, the VTV system uses a Wireless HMD as 
the display device. In such a con?guration the Wireless 
HMD can be used as a tracking device in addition to simply 
displaying images. This tracking information in the most 
basic form could consist of simply controlling the direction 
of vieW. In a more sophisticated system, both direction of 
vieW and position of the vieWer Within the virtual environ 
ment can be determined. Ultimately, in the most sophisti 
cated implementation, remote cameras on the HMD Will 
provide to the VTV system, real World images Which it Will 
interpret into spatial objects, the spatial objects can then be 
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replaced With virtual objects thus providing an “environment 
aWare” augmented reality system. 

[0005] b 1.4) The Wireless HMD is connected to the VTV 
processor by virtue of a Wireless data link “Cybernet link”. 
In its most basic form this link is capable of transmitting 
video information from the VTV processor to the HMD and 
transmitting tracking information from the HMD to the VTV 
processor. In its most sophisticated form the cybernet link 
Would transmit video information both to and from the 
HMD in addition to transferring tracking information from 
the HMD to the VTV processor. Additionally certain com 
ponents of the VTV processor may be incorporated in the 
remote HMD thus reducing the data transfer requirement 
through the cybernet link. This Wireless data link can be 
implemented in a number of different Ways utiliZing either 
analog or digital video transmission (in either an un-com 
pressed or a digitally compressed format) With a secondary 
digitally encoded data stream for tracking information. 
Alternately, a purely digital unidirectional or bi-directional 
data link Which carries both of these channels could be 
incorporated. The actual medium for data transfer Would 
probably be microWave or optical. HoWever either transfer 
medium may be utiliZed as appropriate. The preferred 
embodiment of this system is one Which utiliZes on-board 
panoramic cameras ?tted to the HMD in conjunction With 
image analysis hardWare on board the HMD or possibly on 
the VTV base station to provide real-time tracking informa 
tion. To further improve system accuracy, retro?ective 
markers may also the utiliZed in the “real World environ 
ment”. In such a con?guration, sWitchable light sources 
placed near to the optical aXis of the on-board cameras 
Would be utiliZed in conjunction With these cameras to form 
a “differential image analysis” system. Such a system fea 
tures considerably higher recognition accuracy than one 
utiliZing direct video images alone. 

[0006] 1.5) Ultimately, the VTV system Will transfer 
graphic information utiliZing a “universal graphics stan 
dard”. Such a standard Will incorporate an object based 
graphics description language Which achieves a high degree 
of compression by virtue of a “common graphics knoWledge 
base” betWeen subsystems. This patent describes in basic 
terms three levels of progressive sophistication in the evo 
lution of this graphics language. 

[0007] 1.6) These three compression standards Will for the 
purpose of this patent be described as: 

[0008] a) c-com 

[0009] b) s-com 

[0010] c) v-com 

[0011] 1.7) In its most basic format the VTV system can 
be thought of as a 360 Degree panoramic display screen 
Which surrounds the vieWer. 

[0012] 1.8) This “virtual display screen” consists of a 
number of “video Pages”. Encoded in the video image is a 
“Page key code” Which instructs the VTV processor to place 
the graphic information into speci?c locations Within this 
“virtual display screen”. As a result of this ability to place 
images dynamically it is possible to achieve the effective 
equivalent to both high-resolution and high frame rates 
Without signi?cant sacri?ce to either. For eXample, only 
sections of the image Which are rapidly changing require 
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rapid image updates Whereas the majority of the image is 
generally static. Unlike conventional cinematography in 
Which key elements (Which are generally moving) are 
located in the primary scene, the majority of a panoramic 
image is generally static. 

VTV GRAPHICS STANDARD 

[0013] 2.1) In its most basic form the VTV graphics 
standard consists of a virtual 360 degree panoramic display 
screen upon Which video images can be rendered from an 
external video source such as VCR, DVD, satellite, camera 
or terrestrial television receiver such that each video frame 
contains not only the video information but also information 
that de?nes its location Within the virtual display screen. 
Such a system is remarkably versatile as it provides not only 
variable resolution images but also frame rate independent 
imagery. That is to say, the actual update rate Within a 
particular virtual image (entire virtual display screen) may 
vary Within the display screen itself This is inherently 
accomplished by virtue of each frame containing its virtual 
location information. This alloWs active regions of the 
virtual image to be updated quickly at the nominal percep 
tion cost of not updating sections on the image Which have 
little or no change. Such a system is shoWn in FIG. 4. 

[0014] 2.2) To further improve the realism of the imagery, 
the basic VTV system can be enhanced to the format shoWn 
in FIG. 5. In this con?guration the cylindrical virtual display 
screen is interpreted by the VTV processor as a truncated 
sphere. This effect can be easily generated through the use 
of a geometry translator or “Warp Engine” Within the digital 
processing hardWare component of the VTV processor. 

[0015] 2.3) Due to constant variation of absolute planes of 
reference, mobile camera applications (either HMD based or 
Pan-Cam based) require additional tracking information for 
aZimuth and elevation of the camera system to be included 
With the visual information in order that the images can be 
correctly decoded by the VTV graphics engine. In such a 
system, absolute camera aZimuth and elevation becomes 
part of the image frame information. There are several 
possible techniques for the interpretation of this absolute 
reference data. Firstly, the coordinate data could be used to 
de?ne the origins of the image planes Within the memory 
during the memory Writing process. Unfortunately this 
approach Will tend to result in remnant image fragments 
being left in memory from previous frames With different 
alignment values. A more practical solution is simply to 
Write the video information into memory With an assumed 
reference point of 0 aZimuth, 0 elevation. This video infor 
mation is then correctly displayed by correcting the display 
vieWport for the camera angular offsets. The data format for 
such a system is shoWn in FIG. 11. 

AUDIO STANDARDS 

[0016] 2.4) In addition to 360 Degree panoramic video, 
the VTV standard also supports either 4 track (quadra 
phonic) or 8 track (octaphonic) spatial audio. A virtual 
representation of the 4 track system is shoWn in FIG. 6. In 
the case of the simple 4 track audio system sound through 
the left and right speakers of the sound system (or head 
phones, in the case of an HMD based system) is scaled 
according to the aZimuth the of the vieW port (direction of 
vieW Within the VR environment). In the case of the 8 track 
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audio system sound through the left and right speakers of the 
sound system (or headphones, in the case of an HMD based 
system) is scaled according to both the aZimuth and eleva 
tion of the vieW port, as shoWn in the virtual representation 
of the system, FIG. 7. 

[0017] 2.5) In its most basic form, the VTV standard 
encodes the multi-track audio channels as part of the video 
information in a digital/analogue hybrid format as shoWn in 
FIG. 12. 

[0018] As a result, video compatibility With existing 
equipment can be achieved. As can be seen in this illustra 
tion, the audio data is stored in a compressed analogue coded 
format such that each video scan line contains 512 audio 
samples. In addition to this analogue coded audio informa 
tion, each audio scan line contains a three bit digital code 
that is used to “pre-scale” the audio information. That is to 
say that the actual audio sample value is X*S Where X is the 
pre-scale number and S is the sample value. Using this 
dual-coding scheme the dynamic range of the audio system 
can be extended from about 43 dB to over 60 dB. Secondly, 
this extending of the dynamic range is done at relatively 
“loW cost” to the audio quality because We are relatively 
insensitive to audio distortion When the overall signal level 
is high. The start bit is an important component in the 
system. It’s function is to set the maximum level for the scan 
line (i.e. the 100% or White level) This level in conjunction 
With the black level (this can be sampled just after the colour 
burst) forms the 0% and 100% range for each line. By 
dynamically adjusting the 0% and 100% marks for each line 
on a line by line basis, the system becomes much less 
sensitive to variations in black level due to AC-coupling of 
video sub modules and/or recording and play back of the 
video media in addition to improving the accuracy of the 
decoding of the digital component of the scan line. 

[0019] 2.6) In addition to this pre-scaling of the digital 
information, an audio control bit is included in each 
?eld (at line 21). This control bit sets the audio buffer 
sequence to 0 When it is set. This provides a Way to 
synchroniZe the 4 or 8 track audio information so that the 
correct track is alWays being updated from the current data 
regardless of the sequence of the video Page updates. 

[0020] 2.7) In more sophisticated multimedia data formats 
such as computer AV. ?les and digital television transmis 
sions, these additional audio tracks could be stored in other 
Ways Which may be more efficient or otherWise advanta 

geous. 

[0021] 2.8) It should be noted that, in addition to it’s use 
as an audiovisual device, this spatial audio system/standard 
could also be used in audio only mode by the combination 
of a suitable compact tracking device and a set of cordless 
headphones to realiZe a spatial-audio system for advanced 
hi-? equipment. 

ENHANCEMENTS 

[0022] 2.9) In addition to this simplistic graphics standard, 
There a are number of enhancements Which can be used 
alone or in conjunction With the basic VTV graphics stan 
dard. These three graphics standards Will be described in 
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detail in subsequent patents, however for the purpose of this 
patent, they are known as: 

[0023] a) c-com 
[0024] b) s-com 
[0025] c) v-com 

[0026] 2.10) The ?rst tWo standards relate to the de?ni 
tions of spatial graphics objects Where as the third graphics 
standard relates to a complete VR environment de?nition 
language Which utiliZes the ?rst standards as a subset and 
incorporates additional environment de?nitions and control 
algorithms. 

[0027] 2.11) The VTV graphic standard (in its basic form) 
can be thought of as a control layer above that of the 
conventional video standard (NTSC, PAL etc.). As such, it 
is not limited purely to conventional analog video transmis 
sion standards. Using basically identical techniques, the 
VTV standard can operate With the HDTV standard as Well 
as many of the computer graphic and industry audiovisual 
standards. 

VTV PROCESSOR 

[0028] 3.1) The VTV graphics processor is the heart of the 
VTV system. In its most basic form this module is respon 
sible for the real-time generation of the graphics Which is 
output to the display device (either conventional TV/HDTV 
or HMD). In addition to digitiZing raW graphics information 
input from a video media provision device such as VCR, 
DVD, satellite, camera or terrestrial television receiver. 
More sophisticated versions of this module may real-time 
render graphics from a “universal graphics language” passed 
to it via the Internet or other netWork connection. In addition 
to this digitiZing and graphics rendering task, the VTV 
processor can also perform image analysis. Early versions of 
this system Will use this image analysis function for the 
purpose of determining tracking coordinates of the HMD. 
More sophisticated versions of this module Will in addition 
to providing this tracking information, also interpret the real 
World images from the HMD as physical three-dimensional 
objects. These three-dimensional objects Will be de?ned in 
the universal graphics language Which can then be recorded 
or communicated to similar remote display devices via the 
Internet or other netWork or alternatively be replaced by 
other virtual objects of similar physical siZe thus creating a 
true augmented reality experience. 

[0029] 3.2) The VTV hardWare itself consists of a group of 
sub modules as folloWs: 

[0030] a) video digitiZing module 
[0031] b) Augmented Reality Memory (ARM) 
[0032] c) Virtual Reality Memory (VRM) 
[0033] d) Translation Memory (TM) 
[0034] e) digital processing hardWare 
[0035] f) video generation module 

[0036] 3.3) The exact con?guration of these modules is 
dependent upon other external hardWare. For example, if 
digital video sources are used then the video digitiZing 
module becomes relatively trivial and may consist of no 
more than a group of latch’s or FIFO buffer. HoWever, if 
composite or Y/C video inputs are utiliZed then additional 
hardWare is required to convert these signals into digital 
format. Additionally, if a digital HDTV signal is used as the 
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video input source then an HDTV decoder is required as the 
front end of the system (as HDTV signals cannot be pro 
cessed in compressed format). 

[0037] 3.4) In the case of a ?eld based video system such 
as analogue TV, the basic operation of the VTV graphics 
engine is as folloWs: 

[0038] a) Video information is digitiZed and placed in 
the augmented reality memory on a ?eld by ?eld basis 
assuming an absolute Page reference of 0 degree aZi 
muth, 0 degree elevation With the origin of each Page 
being determined by the state of the Page number bits 
(P3-P0). 

[0039] b) Auxiliary video information for background 
and/or ?oor/ceiling maps is loaded into the virtual 
reality memory on a ?eld by ?eld basis dependent upon 
the state of the “?eld type” bits (F3-F0) and Page 
number bits (P3-P0). 

[0040] c) The digital processing hardWare interprets this 
information held in augmented reality and virtual real 
ity memory and utiliZing a combination of a geometry 
processing engine (Warp Engine), digital subtractive 
image processing and a neW versatile form of “blue 
screening”, translates and selectively combines this 
data into an image substantially similar to that Which 
Would be seen by the vieWer if they Were standing in 
the same location as that of the panoramic camera When 
the video material Was ?lmed. The main differences 
betWeen this image and that available utiliZing conven 
tional video techniques being that it is not only 360 
degree panoramic but also has the ability to have 
elements of both virtual reality and “real World” imag 
ery melded together to form a complex immersive 
augmented reality experience. 

[0041] d) The exact Way in Which the virtual reality and 
“real World imagery” is combined depends upon the 
mode that the VTV processor is operating in and is 
discussed in more detail in later sections of this speci 
?cation. The particular VTV processor mode is deter 
mined by additional control information present in the 
source media and thus the processing and display 
modes can change dynamically While displaying a 
source of VTV media. 

[0042] e) The video generation module then generates a 
single or pair of video images for display on a conven 
tional television or HMD display device. Although the 
VTV image ?eld Will be updated at less than full frame 
rates (unless multi-spin DVD devices are used as the 
image media) graphics rendering Will still occur at full 
video frame rates, as Will the updates of the spatial 
audio. This is possible because each “Image Sphere” 
contains all of the required information for both video 
and audio for any vieWer orientation (aZimuth and 
elevation). 

[0043] 3.5) As can be seen in FIG. 9. The memory Write 
side of the VTV processor shoWs tWo separate video input 
stages (ADC’s). It should be noted that although ADC-0 
Would generally be used for live panoramic video feeds and 
ADC-2 Would generally be used for virtual reality video 
feeds from pre-rendered video material, both video input 
stages have ?ll access to both augmented reality and virtual 
reality memory (i.e. they use a memory pool). This hardWare 
con?guration alloWs for more versatility in the design and 
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allows several unusual display modes (Which Will be cov 
ered in more detail in later sections). Similarly, the video 
output stages (DAC-O and DAC-1) have total access to both 
virtual and augmented reality memory. 

[0044] 3.6) Although having tWo input and tWo output 
stages improves the versatility of the design, the memory 
pool style of design means that the system can function With 
either one or tWo input and/or output stages (although With 
reduced capabilities) and as such the presence of either one 
or tWo input or output stages in a particular implementation 
should not limit the generality of the speci?cation. 

[0045] 3.7) For ease of design, high-speed static RAM Was 
utiliZed as the video memory in the prototype device. 
HoWever, other memory technologies may be utiliZed With 
out limiting the generality of the design speci?cation. 

[0046] 3.8) In the preferred embodiment, the digital pro 
cessing hardWare Would take the form of one or more ?eld 
programmable logic arrays or custom ASIC. The advantage 
of using ?eld programmable logic arrays is that the hardWare 
can be updated at anytime. The main disadvantage of this 
technology is that it is not quite as fast as an ASIC. 
Alternatively, high-speed conventional digital processors 
may also be utiliZed to perform this image analysis and/or 
graphics generation task. 
[0047] 3.9) As previously described, certain sections of 
this hardWare may be incorporated in the HMI, possibly 
even to the point at Which the entire VTV hardWare exists 
Within the portable HMD device. In such a case the VTV 
base station hardWare Would act only as a link betWeen the 
HMD and the Internet or other netWork With all graphics 
image generation, image analysis and spatial object recog 
nition occurring Within the HMD itself 

[0048] 3.10) Note: The loW order bits of the vieWport 
address generator are run through a look up table address 
translator for the X and Y image axies Which impose barrel 
distortion on the generated images. This provides the correct 
image distortion for the current ?eld of vieW for the vieW 
port. This hardWare is not shoWn explicitly in FIG. 10 
because it Will probably be implemented Within an FPGA or 
ASIC logic and thus comprises a part of the vieWport 
address generator functional block. LikeWise roll of the ?nal 
image Will likely be implemented in a similar fashion. 

[0049] 3.11) It should be noted that only vieWport-0 is 
affected by the translation engine (Warp Engine), VieW 
port-1 is read out undistorted. This is necessary When using 
the superimpose and overlay augmented reality modes 
because VR-video material being played from storage has 
already been “?attened” (i.e. pincushion distorted) prior to 
being stored Whereas the live video from the panoramic 
cameras on the HMD require distortion correction prior to 
being displayed by the system in Augmented Reality mode. 
After this preliminary distortion, images recorded by the 
panoramic cameras in the HMD should be geometrically 
accurate and suitable for storage as neW VR material in their 
oWn right (i.e. they can become VR material). One of the 
primary roles of the Warp Engine is then to provide geom 
etry correction and trimming of the panoramic camera’s on 
the HMD. This includes the complex task of providing a 
seamless transition betWeen camera vieWs. 

EXCEPTION PROCESSING 

[0050] 3.12) As can be seen in FIGS. 4,5 a VTV image 
frame consists of either a cylinder or a truncated sphere. This 
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space subtends only a ?nite vertical angle to the vieWer 
(+/—45 degrees in the prototype). This is an intentional 
limitation designed to make the most of the available data 
bandWidth of the video storage and transmission media and 
thus maintain compatibility With existing video systems. 
HoWever, as a result of this compromise, there can exist a 
situation in Which the vieW port exceeds the scope of the 
image data. There are several different Ways in Which this 
exception can be handled. Firstly, the simplest Way to handle 
this exception is to simply make out of bounds video data 
black. This Will give the appearance of being in a room With 
a black ceiling and ?oor. HoWever, an alternative and 
preferable con?guration is to use a secondary video memory 
store to store a full 360 degree*180 degree background 
image map at reduced resolution. This memory area is 
knoWn as Virtual reality memory (VRM). The basic memory 
map for the system utiliZing both augmented reality memory 
and virtual reality memory (in addition to translation 
memory) is shoWn in FIG. 8. As can be seen in this 
illustration, The translation memory area must have suf? 
cient range to cover a full 360 degree*180 degrees and 
ideally have the same angular resolution as that of the 
augmented reality memory bank (Which covers 360 
degree*90 degree). With such a con?guration, it is possible 
to provide both ?oor and ceiling exception handling and 
variable transparency imagery such as looking through 
WindoWs in the foreground and shoWing the background 
behind them. The backgrounds can be either static or 
dynamic and can be updated in basically the same Way as 
foreground (augmented reality memory) by utiliZing a Paged 
format. 

MODES OF OPERATION 

[0051] 3.13) The VTV system has tWo basic modes of 
operation. Within these tWo modes there also exist several 
sub modes. The tWo basic modes are as folloWs: 

[0052] a) Augmented reality mode 
[0053] b) Virtual reality mode 

AUGMENTED REALITY MODE 1 

[0054] 3.14) In augmented reality mode 1, selective com 
ponents of “real World imagery” are overlaid upon a virtual 
reality background. In general, this process involves ?rst 
removing all of the background components from the “real 
World” imagery. This can be easily done by using differential 
imaging techniques. I.e. by comparing current “real World” 
imagery against a stored copy taken previously and detect 
ing differences betWeen the tWo. After the tWo images have 
been correctly aligned, the regions that differ are neW or 
foreground objects and those that remain the same are static 
background objects. This is the simplest of the augmented 
reality modes and is generally not suf?ciently interesting as 
most of the background Will be removed in the process. It 
should be noted that, When operated in mobile Pan-Cam 
(telepresense) or augmented reality mode the augmented 
reality memory Will generally be updated in sequential Page 
order (i.e. updated in Whole system frames) rather than 
random Page updates. This is because constant variations in 
the position and orientation of the panoramic camera system 
during ?lming Will probably cause mismatches in the image 
Pages if they are handled separately. 

AUGMENTED REALITY MODE 2 

[0055] 3.15) Augmented reality mode 2 differs from mode 
1 in that, in addition to automatically extracting foreground 












