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(57) ABSTRACT 

A mobile studio for producing video and audio content, the 
mobile studio comprising: a vehicle comprising a body 
mounted on a chassis, said body having a studio chamber 
enclosure formed by a floor, a ceiling, spaced opposite outer 
side walls and spaced outer front and rear walls, wherein the 
floor of the studio chamber comprises a stage area; at least one 
LED lighting assembly located in the studio chamber suitable 
for providing Sufficient illumination for image capture Such 
that the captured image is suitable for projection as a Pepper's 
Ghost image; at least one camera to capture the image of a 
Subject on the stage area; and a communications device to 
transmit the captured image. 
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MOBILE STUDIO 

FIELD OF THE INVENTION 

0001. The present invention relates to an apparatus and 
method for producing, transmitting and receiving informa 
tion from a mobile unit. In particular, real time communica 
tion of high definition video and sound from a mobile broad 
cast studio. 

BACKGROUND OF THE INVENTION 

0002. In recent times, videos and motion pictures have 
been made outside of a motion picture or photography studio 
at an on site location where the products are made or used. In 
these instances, the video or motion picture recording appa 
ratus or devices have been brought to the site. However, in a 
number of instances, it is not possible to move a video or 
motion picture studio and this presents a problem in the 
finishing process of the video or motion picture works. 
0003. In order to produce television or video contribu 

tions, a plurality of picture signal sources are generally avail 
able simultaneously. To select given picture signal sources 
from the multitude of Such sources and process picture sig 
nals in accordance with artistic viewpoints, several devices 
for processing the picture signals are provided in a television 
studio. The picture signal Sources which are available are, for 
example, cameras, magnetic tape recorders, external inputs or 
other sources. The picture signals processed by the picture 
signal-processing devices are applied via outputs to, for 
example, transmission lines, monitors or other components. 
The specific requirements being different for various types of 
broadcasts. 
0004 Dependent on the desired purpose and use, certain 
cameras, processing and transmission devices, lighting 
requirements, and stage layouts are required. For example, 
the projection of an image upon a partially reflective Screen 
such that is observable by a viewer positioned in front of the 
screen is known, the so-called “Peppers ghost’ arrangement 
that is known from fairground shows. This technology has 
been applied to publicity and promotional displays where a 
presenter resides behind an inclined, partially reflective 
screen, typically a tensioned foil, onto which an image of for 
example, a motor vehicle is projected, via at least one reflec 
tive surface. The location of the presenter behind the pro 
jected image has a number of inherent advantages over sys 
tems where the presenter stands in front of a screen, not least 
of which is that the presenter does not obscure the projected 
image when walking across the projected image. Addition 
ally, the use of an inclined screen results in a viewer of the 
image perceiving the image as having depth rather than 
merely being a two dimensional image, for example where a 
motor vehicle is seen to rotate upon a turntable. 
0005. In order to provide such a system is to a large degree 
dependent upon a suitable communications link and lighting 
equipment capable of facilitating the desired level of interac 
tion. Previously, in order to provide Such a system a customer 
would have to travel to a studio in order to produce the 
projection of an image upon a partially reflective screen (ie 
Peppers Ghost image). 
0006. A suitable communications link is required which 
can provide a dedicated line capable of guaranteeing the 
necessary minimum m/bits transmission speed consistently. 
For this, a network provider is required and you must pay a 
financial premium to have a high bandwidth network 
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installed. The network provider typically charges fees in 
respect of installation, ongoing network management or pro 
vision (management of the network line capacity to ensuring 
the network line is continually providing the data transfer rate 
speeds required) and bandwidth consumption. 
0007 Installation of such a high speed network service 
represents a significant investment in time, equipment infra 
structure and thus expense. Rather like conventional broad 
band Internet, which in itself is not available to every location 
in every part of a country, the availability of high speed 
network connections Suitable for carrying broadcast quality 
streaming video vary from place to place and are currently 
more limited and a good deal more expensive than conven 
tional broadband Internet. 
0008. The reasons for this are many. Key factors are that 
high speed network vendors are fewer than Internet vendors 
serving consumer markets. The cable infrastructure (typically 
glass fibre optic) required for high speed network services is 
not as far reaching or ubiquitous as regular copper wire. The 
costs of adding a fibre optic network to the existing cable 
infrastructure is high not least because of the need to dig up 
roads to lay new cabling. The challenge of delivering and 
regulating high speedbandwidth requires more Sophisticated 
equipment than consumer Internet demands. 
0009. There is currently a need for capturing and broad 
casting an image for use in a “Peppers ghost’ arrangement 
from a remote site. In other words there is a need for a system 
which is mobile in that the system travels to the customer 
rather than Vice versa. 
0010. There is also currently a need for a mobile studio 
which can broadcast or receive signals in 1080i 50Hz-120Hz 
format Such that the image formed at the receiving end is a 
virtual image, wherein the image is perceived as having depth 
rather than merely being a two dimensional image of the 
Subject being transmitted at the broadcast point. There is also 
currently a need for a system that is capable of simultaneously 
transmitting both a full size walking talking human and 
streaming graphics or pictures such that, to the viewing audi 
ence, the person appears as a life like virtual image of the 
Subject and the graphics or pictures appear alongside that 
person as one complete seamless image on a live stage. There 
is also currently a need for a mobile studio system that can 
offer all of the above features to customers in remote locations 
needing such features whereby those services could be pro 
vided to those customers, even if thousands of miles apart, 
with just a few hours notice rather than weeks of waiting 
before and communications link is even established. 
0011. Also, as the illusion of a Peppers ghost image relies 
on the reflected image formed by light contrasting with its 
immediate Surroundings and background there is also a 
requirement for specific lighting. The stronger the reflected 
image, the more Solid that reflected image looks, the more 
vibrant the colours will be, and the more visible the reflected 
image is to an audience. In circumstances where the presenter 
may be unable to control high levels of ambient light forward 
of the foil, e.g. from an auditorium at a trade show, the high 
level of ambient light results in significant levels of reflection 
of the ambient light from the screen detracting from the 
strength of the reflected image over the background. 
0012. The lighting used in studios are typically tungsten 
lights designed specifically for film or photography which 
produces light of a colour around 3200-3400 deg K. Tungsten 
lights are rather bulky in there design and as Such take up a 
considerable amount of room in a studio. Therefore do not 
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lend themselves to be used in a mobile studio environment 
were space is at a premium. Tungsten lights also produce a 
large amount of heat, which once again means that they are 
not suitable for a mobile studio, as they require environmental 
control systems. Tungsten lights produce far more heat than 
light and are both intimidating and very uncomfortable for the 
Subject being recorded. 
0013 Because of the amount of heat that tungsten lights 
produce it is difficult and expensive to fit them with modifiers 
Such as Softboxes, they can melt lighting gels, polarising gels 
will be ruined by the heat and the lamps are liable to blow if 
they are moved or adjusted when they are switched on or still 
hot. Also, because of the amount of heat that tungsten lights 
produce they present a very real risk of fire. Although tung 
Sten lights appear to be very bright, tungsten lights produce a 
very low level of actual light and so they are less than ideal if 
short shutter speeds are needed, or if a small aperture is 
needed for depth of field. 
0014. Accordingly, it is desirable to develop a movable or 
transportable video studio capable of a real time communi 
cation enabling the two-way interaction between two or more 
persons located remotely of one another. 
0015. Any discussion of documents, acts or knowledge in 

this specification is included to explain the context of the 
invention. It should not be taken as an admission that any of 
the material forms part of the prior art base or the common 
general knowledge in the relevant art. 

SUMMARY OF THE INVENTION 

0016. According to a first aspect, the present invention 
provides a mobile studio for producing video and audio con 
tent, the mobile studio comprising: a vehicle comprising a 
body mounted on a chassis, said body having a studio cham 
ber enclosure formed by a floor, a ceiling, spaced opposite 
outer side walls and spaced outerfront and rear walls, wherein 
the floor of the studio chamber comprises a stage area; at least 
one LED lighting assembly located in the studio chamber 
Suitable for providing Sufficient illumination for image cap 
ture such that the captured image is suitable for projection as 
a Pepper's Ghost image; at least one camera to capture the 
image of a subject on the stage area; and a communications 
device to transmit the captured image. 
0017. The camera used to capture the image may be a high 
definition (HD) camera. The at least one LED lighting assem 
bly may comprise a light emitting diode (LED) assembly 
having a low profile allowing them to be unobtrusively 
mounted to the ceiling and/or the side walls and/or the outer 
front and rear walls of the studio chamber. The mobile studio 
may further comprise at least one device for compressing 
and/or encoding the captured image which may comprise a 
codec connected to the output of the at least one camera. The 
communications device may comprise a high speed network 
connection Suitable for carrying broadcast quality streaming 
Video signals. The communications device may comprise a 
microwave radio wave transmitter, or preferably or optionally 
a satellite transmitter. The microwave radio transmitter may 
be adapted to transmit the radio signal to and from a micro 
wave base station using a unidirectional or omni-directional 
antenna. The microwave radio wave transmitter may have a 
signal latency of less than 200 ms, or preferably or optionally 
a signal latency of less than 100 ms. At least one video 
monitor may display an image and at least one audio record 
ing device to record and broadcast Voice and sound. The at 
least one video monitor may comprise a greater than 20 inch 
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HD monitor. The studio chamber may further comprise a 
non-reflecting light absorbing material Suitable for a back 
ground, the material located on an inside Surface of the outer 
rear wall. The studio chamber may comprise a Sound dead 
ening material applied to the walls of the studio chamber to 
provide a high acoustic performance. The apparatus may 
further comprise determining the camera shooting height of 
the at least one camera in order to be inline with the eyeline 
height of the Subject on the stage. 
0018. According to a further aspect, the present invention 
provides a method of producing video and audio content from 
a mobile studio, the method comprising the steps of provid 
ing a vehicle comprising a body mounted on a chassis, said 
body having a studio chamber enclosure formed by a floor, a 
ceiling, spaced opposite outer side walls and spaced outer 
front and rear walls, wherein the floor of the studio chamber 
comprises a stage area; forming a virtual image: lighting the 
studio chamber with at least one LED lighting assembly to 
provide Sufficient illumination for image capture Such that the 
captured image is suitable for projection as a Pepper's Ghost 
image; capturing the image of a subject on the stage area; and 
transmitting the captured image using a communications net 
work. 
0019 Capturing the image may be performed by at least 
one high definition (HD) camera. Lighting the studio cham 
ber with at least one LED lighting assembly may comprise 
providing a light emitting diode (LED) assembly having a 
low profile allowing them to be unobtrusively mounted to the 
ceiling and/or the side walls and/or the outer front and rear 
walls of the studio chamber. The method may further com 
prise compressing and/or encoding the captured image which 
may comprise providing a codec connected to the output of 
the at least one camera. Transmitting the captured image may 
comprise providing a high speed network connection Suitable 
for carrying broadcast quality streaming video signals. The 
method may further comprise providing at least one video 
monitor to display an image and at least one audio recording 
device to record and broadcast voice and sound. The method 
may further comprise providing a non-reflecting light absorb 
ing material Suitable for a background, the material located on 
an inside surface of the outer rear wall. The method may 
further comprise providing a sound deadening material 
applied to the walls of the studio chamber to provide a high 
acoustic performance. The method may further comprise 
determining the camera shooting height of the at least one 
camera in order to be inline with the eyeline height of the 
Subject on the stage. 
0020. According to a still further aspect, the present inven 
tion provides a mobile studio for producing a Pepper's Ghost 
image, the mobile studio comprising: an image projection 
apparatus comprising a projector, a frame, a light Source and 
an at least partially transparent Screen, wherein the screen is 
inclined at an angle with respect to a plane of emission of light 
from the projector, and the light source is arranged to illumi 
nate at least part of the apparatus, the screen having a front 
Surface arranged such that light emitted from the projector is 
reflected therefrom; and the projector being arranged to 
project an image such that light forming the image impinges 
upon the screen such that a virtual image is created from light 
reflected from the screen, the virtual image appearing to be 
located behind the screen. 
0021. According to a still further aspect, the present inven 
tion provides a mobile studio for producing video and audio 
content, the mobile studio comprising: a vehicle comprising a 
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body mounted on a chassis, said body having a studio cham 
ber enclosure formed by a floor, a ceiling, spaced opposite 
outer side walls and spaced outerfront and rear walls, wherein 
the floor of the studio chamber comprises a stage area; an 
image projection apparatus comprising a projector, a frame, a 
light source and an at least partially transparent screen, 
wherein the screen is inclined at an angle with respect to a 
plane of emission of light from the projector, and the light 
Source is arranged to illuminate at least part of the apparatus, 
the screen having a front Surface arranged such that light 
emitted from the projector is reflected therefrom; and the 
projector being arranged to project an image Such that light 
forming the image impinges upon the screen Such that a 
virtual image is created from light reflected from the screen, 
the virtual image appearing to be located behind the screen; at 
least one LED lighting assembly located in the studio cham 
ber suitable for providing sufficient illumination for image 
capture such that the captured image is suitable for projection 
as a Pepper's Ghost image; at least one camera to capture the 
image of a Subject on the stage area; a device for compressing 
and/or encoding the captured image; a communications 
device to transmit the captured image; and wherein the 
mobile studio allows a real time communication of a two-way 
interaction between two or more subjects located remotely of 
one another. 

0022. An advantage of the present invention is that it pro 
vides a system of real time communication enabling two or 
more people located remotely of one another to exchange a 
dialogue based on the principals of telephony enhanced by the 
immersive experience of lowest time latency for a high qual 
ity life size head and shoulders motion imagery of partici 
pants by way of using a typically high definition video display 
monitors while maintaining eye to eye contact between par 
ticipants during conversation and complimented by intelli 
gently lip synched audio. 
0023. By providing a mobile broadcast truck trailer 
capable of sending and receiving audio/visual signals provid 
ing an experience for use in larger and/or more public envi 
ronments. This includes a means of communicating a signal 
from the truck to meeting rooms with one or more participants 
for live stage environs (theatre, conference halls, classrooms, 
museums, trade shows), in store and window front retail 
displays and presentations appearing to live audiences within 
the truck including streamed audiovisual signals broadcast 
from a remote location. 

0024. The various features of novelty which characterize 
the present invention are pointed out with particularity in the 
claims annexed to and forming part of this disclosure. For a 
better understanding of the present invention, its operation, 
advantages and specific objects attained by its use, reference 
should be had to the accompanying drawings and descriptive 
matter in which preferred embodiments of the invention are 
illustrated and described. 

BREIF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a schematic of a mobile studio according to 
an embodiment of the present invention; 
0026 FIG. 2 is a schematic of a studio chamber of the 
mobile studio of FIG. 1 according to an embodiment of the 
present invention; and 
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0027 FIG. 3 is a flow diagram of a method of producing 
video and audio content from the mobile studio of FIG. 1. 

DESCRIPTION OF PREFERRED EMBODIMENT 

0028. The present invention will be discussed hereinafter 
in detail in terms of the preferred embodiment of a mobile 
studio for real time communication of high definition video 
and sound. In the following description, numerous specific 
details are set forth in order to provide a thorough understand 
ing of the present invention. It will be obvious, however, to 
those skilled in the art that the present invention may be 
practiced without these specific details. 
(0029. The applicant previous application WO 2005/ 
096095 for “Projection Apparatus and Method for Pepper's 
Ghost Illusion' which is incorporated by reference describes 
a virtual image created from light reflected from a screen, 
where the virtual image appears to be located behind the 
SCC. 

0030 FIG. 1 shows a mobile studio 10 which comprises a 
stand-alone studio system according to one embodiment of 
the present invention and includes an enclosure or studio 
chamber 40 adapted to be moved from a first location to a 
second location, and temporarily, semi-permanently, or per 
manently set up at the second location for the purpose of 
recording video and/or audio aspects of an event performed 
inside the studio chamber 40. The mobile studio 10 is housed 
in a custom built body 30 on a rigid chassis 21, the overall size 
of the mobile studio 10 is dependent upon the size, number of 
performers, and other factors which determine can vary the 
actual size of the mobile studio 10 required. The mobile 
studio is moved by a prime mover/vehicle 20, for example, a 
lorry being 9.75x3.96x2.44 m (32'x13'x8) and with the stu 
dio chamber 40 comprise a mobile broadcast truck or truck 
and trailer. 
0031. The vehicle 20 comprises a body 30 mounted on a 
chassis 21, the body 30 having a studio chamber 40 enclosure 
on top of the body 30. The studio chamber 40 is formed by a 
floor 41, a ceiling 42, side walls 43, 44 and front 45 and rear 
46 walls. The enclosure and walls can be constructed from 
aluminium, timber or any Suitable material for forming the 
outer frame of the mobile studio 10. 

0032. As most shoots will involve the recording of sound, 
a properly sound insulated and acoustically treated Studio 
chamber 40 is preferable. For professional sound high quality 
microphones are located in the side or ceiling 46 panelling 
around the stage riser 47 or a personal radio lapel microphone 
can be attached to the subject as appropriate. The interior of 
the studio chamber 40 is finished in a sound deadening mate 
rial applied to the walls of the studio chamber 40 to provide a 
high acoustic performance. For example wall soundproofing 
insulation products for walls and cavities designed to reduce 
Sound transfer and Sound absorbing products Such as panels 
designed specifically to reduce reverberation time in echo 
prone environments. 
0033. The interior walls of the studio chamber 40 also 
have a non-reflecting light absorbing material Suitable for a 
background attached or painted on the interior walls of the 
studio chamber 40. Preferably the non-reflecting light 
absorbing material is at least located on an inside Surface of 
the outer rear wall 46. For example, black drapes or other 
Suitable light and broadcast signal absorbing material should 
extend along the entirety of the studio side panel walls 43,44 
down stage of the riser 47. Semi-matt (e.g. Harlequin dance 
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floor) or high gloss Surface should be applied to the stage riser 
47 surface to accentuate reflection of the filmed subject's 
shoes. 

0034) To create a holographic or floating effect of the 
images to the viewing audience 81 a good black background 
is essential. Thus directly behind the stage riser 47 of the 
filming subject 80 is a non-reflecting, preferably light absorb 
ing material or configuration. A black Velvet curtain has been 
proven in the photographic industry to be used for Such pur 
poses. This curtain should extend across the entire back panel 
rear wall 46 of the studio chamber 40. Alternatively a lou 
Vered blind arrangement where in light is able to pass through 
a louvered blindcovered in black light absorbing velvet mate 
rial is further absorbed by a space behind the louvered blind 
which itself is faced off in non-light reflecting material. For 
film shots taken at night where there is no other light inter 
ference the louvered partition could be opened to the black 
outside environment. 

0035. The floor 41 of the studio chamber 40 comprises a 
stage area or platform 47 or a riser forming a stage platform 
on which the subjects 80 or performers are placed for greater 
visibility. For example a stage platform (riser) 47 approxi 
mately 1' high extends across the width of the studio chamber 
40 (generally 9" if arranged at one end of the trailer, or 20ft-30 
feet wide if arranged lengthways across the trailer). Prefer 
ably steel deck stage or similar material gives the subject 80 
a spatial boundary to work within and should match the 
dimensions of the show or theatre stage 100 or the camera 70 
lens frame area, whichever is smaller. The camera 70 lens 
frame limits should be explained to the filmed subject and 
markers set for him to see, though not visible to the camera 70 
lens. Although the height of the studio stage platform 47 need 
not be the same as the show stage 100, the difference is an 
essential figure in calculating the height of the camera 70. The 
stage platform 47 also avoids having to set the camera 70 on 
the studio floor to achieve the correct height. 
0036. The studio chamber 40 is used to produce video and 
audio performances wherein the mobile studio 10 allows a 
real time communication of a two-way interaction between 
two or more subjects 80 located remotely of one another. 
Pepper's ghost is an illusionary technique used in theater and 
in Some magic tricks. Typically using a plate glass and special 
lighting techniques, it can make objects seem to appear or 
disappear, or make one object seem to “morph” into another. 
0037. In order for the illusion to work, the viewer must be 
able to see into the main room ortheatre 100, but not into the 
hidden mirror room or mobile studio 10. The edge of the glass 
may be hidden by a cleverly designed pattern in the floor. In 
this case the two rooms are located remotely from one 
another. The mobile studio 10 is located remotely from the 
theatre or stage 100. Both rooms may be identical mirror 
images; this approach is useful in making objects seem to 
appear or disappear, however it is not required that both 
rooms are identical if the room or mobile studio 10 in which 
the subject 80 is completely black inside so as to not include 
anything other than the subject 80 in the captured image. This 
effect can also be used to make an actor reflected in the mirror 
appear to turn into an actor behind the mirror (or vice versa). 
This is the principle behind the Girl-to-Gorilla trick found in 
many haunted houses. The mirror room may instead be 
painted black (as in this case with the mobile studio 10), with 
only light-coloured objects in it. When light is cast on the 

Oct. 6, 2011 

objects, they reflect strongly in the glass, making them appear 
as ghostly images Superimposed in the visible room ortheatre 
1OO. 
0038. The mobile studio 10 is setup as the mirror room and 

is painted black or has some other method of producing the 
black interior, for example the black velvet as described 
above. The mirror effect is created by an image projection 
apparatus 50 comprising a projector, a frame, a light source 
and an at least partially transparent Screen. The screen is 
inclined at an angle with respect to a plane of emission of light 
from the projector, and the light source is arranged to illumi 
nate at least part of the apparatus. The screen has a front 
Surface arranged such that light emitted from the projector is 
reflected therefrom; and the projector being arranged to 
project an image such that light forming the image impinges 
upon the screen such that a virtual image is created from light 
reflected from the screen. Therefore, the virtual image 
appears to be located behind the screen, 
0039. The lighting of the filming subject 80 may be of any 
type suitable for providing sufficient illumination for a high 
definition (HD) image capture. A number of lighting assem 
blies 60 are located in the studio chamber 40 suitable for 
presenting an environment of immersive ambience to the 
audience 81 in a viewing venue or theatre 100 thus producing 
a compelling mixture of colour and contrast on stage and 
correctly illuminated live talent on stage and audiences for 
sharp, realistic signal feeds and audience signal feeds. 
0040 Conventional lighting is able to satisfactorily illu 
minate seated live participants or subjects 80 for the camera 
70 lenses to relay sharp HD images upon HD monitor screens. 
To light the live performer or subject 80 in the mobile studio 
10, a more considered approach must be taken. In particular, 
the lighting required to produce a realistic Pepper's ghost 
image requires that the lighting behind the subject 80 (rear 
lighting) is brighter than the lighting in front of the subject 80 
(front lighting). This is the opposite to what would normally 
be provided when lighting a studio to simply capture a 2D 
image. 
0041. The human figure or subject 80 for the purpose of 
lighting is essentially divided into two main parts (head to 
waist, waist to feet) but adds left and right control for the back 
of the head, face (shadow fill) and hair fill as separate ele 
ments. Lighting a human figure or Subject 80 for a holo 
graphic effect needs to fulfil the following criteria. 
0042. The lighting must be bright enough to capture sub 
ject detail in a uniform manner without dark spots (otherwise 
image becomes invisible or disappears) or overly bright spots 
(image burning or bleaching). The lighting should pick out 
differing textures as well as cast shadow across the Subject 
accentuating form and the passage of light movement across 
the subject. Back light should form a rim around the subject 
outline for maximum image sharpness. 
0043. The colour temperature of the lighting upon per 
former or subject 80 should when appearing as the virtual 
performer on the audience viewing stage 100 yield a skin tone 
that is natural and matches as close as possible the hue and 
colour temperature of the skin tones of similar skin types 
performing as live talent upon the same live audience stage 
1OO. 
0044 Preferably the lighting assemblies 60 may be LED 
based. These low profile instruments are highly efficient and 
offer a number of advantages over conventional tungsten 
lighting making them Suitable to use in Small areas such as the 
mobile studio 10. The lighting assemblies 60 are also slim in 
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profile allowing them to be light and unobtrusive to mount to 
the wall/ceiling 42, 43, 44, 45, 46 panels forming an ideal 
cube of illumination in the studio chamber 40. These lights 
thus fulfil the requirement to work well in a small space with 
minimum power consumption, minimal heat emission and 
most natural daylight looking skin temperature when focused 
on the film subject 80. 
0045 An option for a replacement of the tungsten light is 
the light emitting diode (LED). These types of lights and 
lighting assemblies are known from, for example applications 
such as US 2008259600 “Lighting Apparatus with Adjustable 
Lenses or Filters' and US 2006181862 “Versatile Lighting 
Apparatus and Associated Kit' where a lighting apparatus 
comprises a light panel, a panel frame and a plurality of 
LEDs. FIG. 2 shows a typical lighting plan for a studio cham 
ber 40 of a mobile studio 10 using lighting assemblies 60. 
According to this lighting plan, lighting assembly 60 at 1A is 
lighting primarily the upper part of the body and subject's 80 
face with a general flood of light, the intensity and brightness 
of the lighting assembly 60 at 1A is set to provide this suffi 
cient illumination to highlight the film subject 80 whilst mini 
mising light bleed or spill along the back wall 46. 
0046 Lighting assembly 60 at 2A and 2B are used for 
focused illumination of the subject's 80 darker features such 
as eye sockets, facial hair and darker clothing/shoes where 
necessary. 2A and 2B have a semi-opaque diffusion panel 
immediately in front of the LED array to slightly soften the 
more brittle beam of the spotlight. 
0047 Lighting assembly 60 at 3A and 3B will maintain 
the light intensity balance of the lower part of the subjects 80 
body (trousers, shoes and stage riser 47) allowing the film 
subject 80 to move left and right while maintaining the correct 
intensity of light. 
0048 Lighting assembly 60 at 4A and 4B illuminate from 
behind the filmed subject 80 to create a general area up to the 
subject's 80 shoulders creating a rim light effect to sharpen 
the outline of the subject's 80 body. 
0049 Lighting assembly 60 at 5A and 5B offer similar 
lighting effects of 4A and 4B but for the upper part of the body 
and the head/hair of the filmed subject 80. 
0050. The general impact of 4A, 4B, 5A and 5B add the 
illusion of luminosity from behind that audience 81 typically 
view when watching subjects 80 perform on a live stage 100, 
Such as found in a theatre or conference centre. 
0051. The lighting assembly 60 at 6A provides rim light to 
add further sharpness and definition to the filming subjects 80 
head. It should be noted that this light assembly 60 may only 
be used where the height of the studio chamber 40 is sufficient 
to allow the placement of this light outside the frame of the 
camera 70 (typically when the ceiling 42 height is greater than 
3 meters). For a mobile studio 10 filming system the rear part 
of the mobile studio 10 may include a modified ceiling 42 
adjustable to accommodate this lighting assembly 60. 
0052 According to FIG. 2 the lighting plan may further 
include, lighting assembly 60 at 7A and 7B to provide over 
head lighting to illuminate film subjects 80 of darker skin 
complexion or dark hair. In some scenarios it may be advan 
tageous to add some overhead or top light to fill the horizontal 
areas of the subject. This can also lower the contrast a bit 
when it is desirous to place the subject realistically in'day 
light” or more natural, less theatrical looking environment, as 
if introducing "ambient skylight'. Given that the distance 
from the subject 80 when standing to the over head light is 
only a few feet (approx 10') it is advantageous to use a shallow 
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profile cool light that has good'spread’. Again the ceiling 42 
of the mobile studio 10 would benefit from being raised to at 
least lm above the height of the filmed subject 80 to minimise 
image bleaching at the points the lights hit the hair and to 
ensure the lights are not caught within the camera frame. 
0053 Alternatively lighting panels 60 which angle the 
individual LED lamps on the lighting panel 60 may be used. 
This allows the lighting panels 60 to be mounted in a more flat 
or parallel fashion to the studio's walls and ceilings. This 
could be particularly useful in a booth constructed so that the 
illumination devices are flush fastened to the walls or built in 
to the structure. 
0054) To capture the image of the subject 80 in the studio 
chamber 40 at least one camera 70 is used to capture the 
virtual image of a subject 80 on the stage area 47. The camera 
70 should have a /60th second shutter. This shutter is used to 
reduce motion blur without shutter artefacts becoming too 
noticeable. Standard lenses (e.g. Canon HJ21 or 22) are 
favoured over wide angle Zooms. Prime lenses can also be 
used as long as the camera/stage distance is not compromised 
by their fixed focal length. The effects of too wide a lens angle 
include: enlarged hands when gesturing; enlarged head or 
legs, depending on camera 70 height; the appearance of grow 
ing or shrinking with movements towards or away from cam 
era 70; bowed floor line. At 10 m, a lens of 22-25 mm over a 
4 m width substantially reduces distortion and is considered 
ideal if space allows. 
0055. A high quality Polarising camera filter is used to 
control specula reflections from either the floor or subject 
(orientation by experiment). A full set of tripod legs (tall, 
baby and HiHat) should be available as the camera 70 height 
may be very low depending on studio stage riser 47 height and 
audience eyeline 81. As the shot is a lock-off, the head of the 
subject 80 needs to have effective pan and tilt locks. 
0056. The focal plane of the camera 70 to the subject 80 is 
more often approximately 18-25 feet (4-6 m). The distance 
between the camera 70 and the subject 80 is determined by the 
lens focal length and the subject 80. In this instance in order 
to capture a full sized standing person 80 that has the ability 
to extend their arms freely in the frame without falling out of 
the frame a 40 mm (35 mm format) lens is used. Lenses in this 
range fall within the “normal range of a subjective point of 
view. Assuming the stage riser 47 of 1 foot high is being used 
to film the subject 80 placing the lens approximately 2 off the 
ground would allow the point of view of the viewer 81 to be 
within the normal viewing range for the reflected image to 
appear natural on a regular raised stage 100 of 3 ft. 
0057. In order to produce high performance full size HD 
motion video image capture and transmission to a live space 
100 a HD camera 70 is required. HD video capture consists of 
an HD camera 70, lighting 60, audio and stage set within 
which the filming subject 80 performs. 
0058 Common standard HD cameras 70 are the Sony 
models HDW X750, HDW 790, F90OR, all of which are 
single link HD SDI processing 10 bit 422 colour streams at 
1.485 Gigabits/per second and F23 which is both a single and 
dual link HD SDI processing 12 bit 444 colour streams at 2.2 
Gigabits/per second. These cameras 70 yield finest picture 
results using the HD SDI signal at 50/60 frames interlaced per 
second. 
0059 Alternatively progressive cameras 70 may be used 
and include the Panasonic AJ-HDC27HE 720P Varicam and 
Red Camera—capable of 4K resolution. However because of 
progressive signals higher data capacity demands per frame 
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Versus interlaced, it is common for these cameras to film at 
just 25 frames or in USA, 29.97 frames progressive per sec 
ond. Progressive signals offer sharpness, particularly for 
static images when compared with interlaced video, which 
tends to have softer, less crisp edges. 
0060. Therefore a camera 70 utilising a light sensitive high 
quality wide angle Zoom lens with adjustable shutter speed, 
frame rates adjustable between 25-120 frames per second 
(fps) interlaced, capable of shooting at up to 60 fps progres 
sive, would address the key range of performance require 
ments for most kinds of video imagery, from static texts and 
graphics to streaming images of virtual presenters 80 and 
even movement artists. 
0061. Once the image has been captured by the camera 70, 
in order to transmit the captured video signal the image must 
be compressed and/or encoded. For this purpose a codec 
enabling the Sound and vision to be packaged up' (encrypted 
and compressed) in a format optimised for point to point 
transmission between at least two remote locations is used. 
An example of such a technique is JPEG which is a com 
monly used method of compression for photographic images. 
The degree of compression can be adjusted, allowing a select 
able trade-off between storage size and image quality. JPEG 
typically achieves 10:1 compression with little perceptible 
loss in image quality. 
0062 Preferably the codec includes software for encryp 
tion and compression (together Encoding) of video and Sound 
into a data packet which can then be transmitted over the 
Internet, satellite or radio waves. The codec is often incorpo 
rated into a box chassis, much like the casing of a typical 
Small network computer chassis. The codec chassis can have 
a variable number of inputs and outputs allowing the process 
ing of multiple data streams or SF, inwards (downloading) 
and outwards (uploading). 
0063. The codec is designed and configured to process 
particular kinds of audio and video streams. This embodiment 
of the present invention relates in the main to the most com 
mon video streams of Broadcast Pal or NTSC (BP NTSC), 
High Definition signals of 720 horizontal lines progressive 
(720P), 1920 vertical linesx1080 horizontal lines progressive 
(1080P) and 1920 vertical linesx1080 horizontal lines inter 
laced (1080i). Other video standards such as 2K and 4K 
resolutions could also be used. 
0064. The image of the filmed subject 80 upon the studio 
stage riser 47 captured by the camera 70 lens is compressed or 
encoded by a codec box connected to the video output of the 
camera. There may be one or more images captured by using 
more than one camera 70. Typically, there will be a camera 70 
facing the filmed subject 80 which provides the signal to the 
remote live stage 100 for the viewing audience 81. There 
may be an additional camera 70 located in one of the side 
panels of the mobile studio 10 to provide a reference signal of 
the filmed subject 80 to the live talent performing on the 
audience stage 100. There may be further cameras 70 
deployed for specific tasks—such as closeup views of objects 
the filmed subject 80 is presenting. Each and every camera 70 
signal needs to be compressed by the codec so that the signal 
is transmittable along its communications path by the com 
munication device 90. 
0065. The codec box will require sufficient capacity to 
process each individual camera 70 signal as well as any audio 
and graphics that the presentation requires. The codec box 
will have integral to its design or be augmented with a sound 
echo cancelling delay device. The function of this device is 
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twofold; to allow manual adjustment of the Sound signal 
(such as the speaking voice of the filmed subject 80) to be 
synchronised with the lip movements of the broadcast video 
signal appearing on the audience viewing stage 100 and to 
cancel out echo of the audio signal being broadcast at the 
audience venue 100 (including the voice of the filmed sub 
ject) as it is fed back as a return audio signal to the filming 
studio. 
0066. The encoded signal is then fed directly to a commu 
nications connection 90 that the mobile studio 10 interfaces 
with. Such a connection 90 may be via a fibre optic cable 
connected to a high speed managed network. The connection 
point maybe a network exchange box located in a building, in 
a purpose built box located at a roadside or other outdoor 
location. This exchange would then eventually feed the signal 
through its cable network to the points of broadcast the 
venue 100 at which the audience 81 viewing stage is located. 
0067. In some cases it may not be possible for a cable 
connection to be made to the network box—either from the 
mobile studio 10 broadcast signal truck or indeed from a 
managed cable network to the venue 100 at which the audi 
ence 81 viewing stage is located. In this circumstance the 
mobile studio 10 signal truck could deploy other solutions to 
transmit or receive the signal. Firstly, the mobile studio 10 
could be equipped with a satellite transmitter and receiver. 
Common broadcast standards based on the “V-Sat' system 
would provide sufficient bandwidth for a two way signal. 
0068 Preferably the mobile studio 10 is equipped with a 
microwave radio wave transmitter and receiver 90. In this 
instance the transmitters’ purpose is to transmit the broadcast 
signal to a Suitable microwave radio base station 91 using the 
5.4 GHz-5.8 GHz Wi-MAX wireless signal frequency. This 
method of communication uses radio wave transmitters— 
unidirectional or 360 degree panoramic omni-directional 
antenna devices currently capable of transmitting bi-direc 
tional signals of around 9 mb—sufficient for two HD video 
signals with audio to the nearest network exchange box. The 
signal when carried with a direct line of sight between 
antennas currently has a range of between 5-7 kilometres (3-5 
miles). The signals will even transmit successfully even when 
there is no direct line of sight between the two antennas, in 
which case the effective range is reduced to a few hundred 
meters. The signal latency is not unduly compromised (as it 
might be if the signal's entire journey were reliant on satellite 
or radio) with a recorded latency of just 5 or 6 milliseconds. 
0069. The antennas or transmitting means are part of a 
communications base station 91 which in turn communicate 
to other base stations 91 directly or via a series of antennas 
configured in what is known as meshing of point to point 
radio signals to form a honeycomb network of multi direc 
tional microwave radio communications. 

0070 The antennas may be installed in any suitable loca 
tion to optimise line of sight communication. Such locations 
may include rooftops of buildings, lamp posts or other build 
ing structures of Sufficient height or with Sufficient open area 
space Surrounding to receive a line of sight signal. The anten 
nas may act as client relay devices simply carrying a signal 
from one base station 91 to the other or be part of a commu 
nications base station 91. 
(0071. The base station transmitters and receivers are in 
turn configured to communicate with transmitters and receiv 
ers connected to a network exchange box managed by a 
provider of high speed cable networks. There may be a num 
ber of network exchange boxes in any one town or city, each 
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adapted to carry the video signals to and from these mobile 
studio 10 devices. The principle described here is similar to 
that used in creating and developing a 3G or Wireless mobile 
communications network. 
0072 The mobile studio 10 users are the performers— 
filmed subjects 80 and presenters for the viewing audience 
stage 100. The communications devices 90 are the mobile 
studio trucks 10. The signal carriers are the managed network 
providers configuring their networks to include provision for 
carrying a combination of either satellite, radio or cable based 
HD video signals. 
0073. The above transmission system required involves 
the broadcast transmission of full life size humans/subjects 
80 as a streaming high definition video signal, and the trans 
mission of such an audio/video signals which have an excep 
tionally minimal latency over great distances. For example 
the latency of the transmission signal is preferably less than 
200 ms or less than 100 ms from signal broadcast point to 
signal receiving point. Therefore the signal to be transmitted 
must be able to broadcast or receive signals in 1080i 50 
HZ-120 Hz format such that the image formed at the receiving 
end is a virtual 3D image of the subject 80 being transmitted 
at the broadcast point. 
0074 FIG. 3 shows the method of producing video and 
audio content from a mobile studio 10. The method comprises 
providing a vehicle 20 comprising a body 30 mounted on a 
chassis 21, the body 30 having a studio chamber 40. The 
studio chamber 40 formed by a floor 41, a ceiling 42, spaced 
opposite side walls 43.44 and spaced outer front 45 and rear 
46 walls. Forming a virtual image 200 created from light 
reflected from a screen located in the studio chamber 40 such 
that the virtual image 200 appears to be located behind the 
screen. Lighting 300 the mobile studio 10 to provide suffi 
cient illumination for image capture. Capturing the virtual 
image 400 of a subject 80 on the stage area 47. Compressing 
500 and/or encoding the captured image and transmitting 600 
the captured image using a communications network. 
0075. The present invention provides a system that is 
capable of simultaneously transmitting both a full size walk 
ing talking human and streaming graphics or pictures Such 
that, to the viewing audience, the person appears as a life like 
virtual 3D image of the subject 80 and the graphics or pictures 
appear alongside that person as one complete seamless image 
on a live stage 100. The mobile studio 10 provides a studio 
system that can offer all of the above features to customers in 
remote locations needing Such features whereby those ser 
vices could be provided to those customers, even if thousands 
of miles apart, with just a few hours notice rather than weeks 
of waiting before and communications link is even estab 
lished. 
0076 Although the present invention has been illustrated 
and described with respect to exemplary embodiment thereof, 
it should be understood by those skilled in the art that the 
foregoing and various other changes, omission and additions 
may be made therein and thereto, without departing from the 
scope of the invention. Therefore the present invention should 
not be understood as limited to the specific embodiment set 
out above but to include all possible embodiments which can 
be embodied within a scope encompassed and equivalent 
thereof with respect to the features set out in the appended 
claims. 

1. A mobile studio for producing video and audio content, 
comprising: 

Oct. 6, 2011 

a vehicle comprising a body mounted on a chassis, said 
body having a studio chamber enclosure formed by a 
floor, a ceiling, spaced opposite outer side walls and 
spaced outer front and rear walls, said floor comprising 
a Stage area; 

at least one light emitting diode (LED) lighting assembly 
located in the studio chamber enclosure suitable for 
providing Sufficient illumination for image capture Such 
that a captured image is Suitable for projection as a 
Pepper's Ghost image: 

at least one camera to capture an image of a Subject on the 
stage area and generate the captured image; and 

a communications device to transmit the captured image. 
2. The mobile studio of claim 1, wherein the at least one 

camera is a high definition (HD) camera. 
3. The mobile studio of claim 1, wherein the at least one 

LED lighting assembly comprises an LED assembly having a 
low profile that allows the LED assembly to be unobtrusively 
mounted to the ceiling and/or the spaced opposite outer side 
walls and/or the spaced outerfront and rear walls of the studio 
chamber enclosure. 

4. The mobile studio of claim 1, further comprising at least 
one device for compressing and/or encoding the captured 
image which comprises a codec connected to an output of the 
at least one camera. 

5. The mobile studio of claim 1, wherein the communica 
tions device comprises a high speed network connection Suit 
able for carrying broadcast quality streaming video signals. 

6. The mobile studio of claim 5, wherein the communica 
tions device comprises a microwave radio wave transmitter or 
a satellite transmitter. 

7. The mobile studio of claim 6, wherein the microwave 
radio transmitter is adapted to transmit a radio signal to a 
microwave base station using a unidirectional or omni-direc 
tional antenna. 

8. The mobile studio of claim 6, wherein the microwave 
radio wave transmitter has a signal latency of less than 200ms 
or less than 100 ms. 

9. The mobile studio of claim 1, further comprising at least 
one video monitor to display an image and at least one audio 
recording device to record and broadcast Voice and Sound. 

10. The mobile studio of claim 9, wherein the at least one 
video monitor comprises a greater than 20 inch HD monitor. 

11. The mobile studio of claim 1, wherein the studio cham 
ber enclosure further comprises a non-reflecting light absorb 
ing material Suitable for a background, the non-reflecting 
light absorbing material located on an inside Surface of the 
outer rear wall. 

12. The mobile studio of claim 1, wherein the studio cham 
ber enclosure comprises a sound deadening material applied 
to the spaced opposite outer side walls and spaced outerfront 
and rear walls of the studio chamber enclosure to provide a 
high acoustic performance. 

13. The mobile studio of claim 1, wherein the at least one 
camera has a camera shooting height that is inline with an 
eyeline height of the Subject on the stage area. 

14. A method of producing video and audio content from a 
mobile studio, the method comprising the steps of: 

providing a vehicle comprising a body mounted on a chas 
sis, said body having a studio chamber enclosure formed 
by a floor, a ceiling, spaced opposite outer side walls and 
spaced outer front and rear walls, said floor of the studio 
chamber enclosure comprising a stage area; 

forming an image: 
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lighting the studio chamber enclosure with at least one 
light emitting diode (LED) lighting assembly to provide 
Sufficient illumination for image capture Such that a 
captured image is Suitable for projection as a Pepper's 
Ghost image: 

capturing an image of a subject on the stage area to gener 
ate the captured image; and 

transmitting the captured image using a communications 
network. 

15. The method of claim 14, wherein the step of capturing 
the image of the Subject on the stage area is performed by at 
least one high definition (HD) camera. 

16. The method of claim 14, wherein the step of lighting the 
studio chamber enclosure with at least one LED lighting 
assembly comprises lighting the studio chamber enclosure 
with a LED assembly having a low profile allowing that 
allows the LED assembly to be unobtrusively mounted to the 
ceiling and/or the spaced opposite side walls and/or the 
spaced outerfront and rear walls of the studio chamber enclo 
SUC. 

17. The method of claim 14, further comprising the step of 
compressing and/or encoding the captured image using a 
codec connected to an output of the at least one camera. 

18. The method of claim 14, wherein the step of transmit 
ting the captured image comprises transmitting the captured 
image using a high speed network connection Suitable for 
carrying broadcast quality streaming video signals. 

19. The method of claim 14, further comprising the steps of 
displaying an image using at least one video monitor and 
recording and broadcasting voice and Sound using at least one 
audio recording device. 

20. The method of claim 14, further comprising the step of 
providing a non-reflecting light absorbing material Suitable 
for a background, the non-reflecting light absorbing material 
located on an inside surface of the outer rear wall. 

21. The method of claim 14, further comprising the step of 
applying a sound deadening material to the spaced opposite 
outer side walls and spaced outer front and rear walls of the 
studio chamber enclosure to provide a high acoustic perfor 
aCC. 

22. The method of claim 14, further comprising the step of 
positioning the at least one camera so that a camera shooting 
height of the at least one camera is inline with an eyeline 
height of the Subject on the stage area. 

23. A mobile studio for producing a Pepper's Ghost image, 
comprising: 

an image projection apparatus comprising a projector, a 
frame, a light source and an at least partially transparent 
Screen, wherein the at least partially transparent screenis 

Oct. 6, 2011 

inclined at an angle with respect to a plane of emission of 
light from the projector, and the light source is arranged 
to illuminate at least part of the image projection appa 
ratus, the at least partially transparent Screen having a 
front Surface arranged such that light emitted from the 
projector is reflected therefrom; and the projector being 
arranged to project an image such that light forming the 
image impinges upon the at least partially transparent 
Screen such that a virtual image is created from light 
reflected from the at least partially transparent screen, 
the virtual image appearing to be located behind the at 
least partially transparent screen. 

24. A mobile studio for producing video and audio content, 
comprising: 

a vehicle comprising a body mounted on a chassis, said 
body having a studio chamber enclosure formed by a 
floor, a ceiling spaced opposite outer side walls and 
spaced outer front and rear walls, said floor of the studio 
chamber enclosure comprising a stage area; 

an image projection apparatus comprising a projector, a 
frame, a light source and an at least partially transparent 
Screen, wherein the at least partially transparent screenis 
inclined at an angle with respect to a plane of emission of 
light from the projector, and the light source is arranged 
to illuminate at least part of the image projection appa 
ratus, the at least partially transparent Screen having a 
front Surface arranged such that light emitted from the 
projector is reflected therefrom; and the projector being 
arranged to project an image such that light forming the 
image impinges upon the at least partially transparent 
Screen such that a virtual image is created from light 
reflected from the at least partially transparent screen, 
the virtual image appearing to be located behind the at 
least partially transparent screen; 

at least one LED lighting assembly located in the studio 
chamber enclosure suitable for providing sufficient illu 
mination for image capture such that a captured image is 
Suitable for projection as a Pepper's Ghost image; 

at least one camera to capture an image of a Subject on the 
stage area and generate the captured image: 

a device for compressing and/or encoding the captured 
image; 

a communications device to transmit the captured image: 
and 

wherein the mobile studio allows a real time communica 
tion of a two-way interaction between two or more sub 
jects located remotely of one another. 
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