
US 20030210329A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0210329 A1 

Aagaard et al. (43) Pub. Date: Nov. 13, 2003 

(54) VIDEO SYSTEM AND METHODS FOR (52) U.S. Cl. ............................................ 348/159; 382/154 
OPERATING AVIDEO SYSTEM 

(57) ABSTRACT 

A multiple camera Video System and methods for operating 
Such a System. The System may include a plurality of 
cameras located around a Stadium, athletic playing field or 
other location. The cameras are remotely controlled in a 
master-Slave configuration. A camera operator at a master 
pan head Selects one of the plurality of cameras as the 
current master camera and utilizes the master pan head to 
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FIGURE 10 
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Data Point Number Dimension 1 Dimension 2 Dimension 3 
1. 0.00000 0.00000 0.00000 

2 3.54900 - 49.66800 - 6.87400 

3 14.4400 -41.77300 - 16.92300 

4 25.292.00 -33.91 100 -16.988.00 

5 28.86000 -3.33600 - 17.04.00 

6 35.653.00 -48.28600 -16.9700 

7 24.78700 -56.14000 -16.90800 

8 13.897OO -63.97600 - 6.86500 

9 23.69700 -82.67100 -3.33500 
10 38.43500 -97.96300 16.83600 
1 45.22400 -114.78 100 -16.80500 

12 48.70900 - 12.20900 -16.80600 
13 59.62900 -104.34500 -16.90800 
14 70.51 000 -96.49200 - 6.97800 

15 74.06200 -93.93600 -1698600 

16 49.30300 -90.07200 -16.88600 

17 60.17300 -82.23200 -16.97500 
18 50.31 OO -63. 38900 - 13.53000 

19 102.04500 -99.03300 -15.03400 

20 38.10100 -145.24200 -14.686.00 

45 -40.582OO -43.273OO -7.67700 

46 -29.19100 -3500900 -7.69400 
47 - 18.6500 -26.99000 -7.6.300 

48 - 18.16000 -26.984.00 - 7.61 700 

49 -5.41 000 -17.87900 07.784.00 

50 7.16400 -8.68200 -7.63800 

51 7.7500 -8.67800 -7.64400 

S2 18.46900 -0.57900 -7.74700 
53 18.45200 -0.597.00 -7.76100 

54 29.82600 7.58300 -7.71 100 - 

Fig. 13 
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CAMERA PARAMETERS FILE FOR CAMERA NUMBER 1 

D number 01 
Initial pan, tilt-18.078802 26.650000 
Calibration information 
Calibrated 1 
Location -40.273 -305.95O 99.497 
;Four Corners 
O O O OOOO 0.000 0.000 O.OOOOOO 0.000000 000 000 
1 O O OOOO O.OOO 0.000 OOOOOOO 0.000000 OOO OOO 
2 O O 0.000 0.000 0,000 OOOOOOO 0.000000 000 OOO 
3 O O O.OOO 0.000 OOOO OOOOOOO 0.000000 000 OOO 
Number of GRID points 51 
;GRID Points 
O 1 1 0.000 0.000 OOOO 0.650000 24.84.0000 255 226 
1 1 1 0.000 0.000 O.OOO - 1362334 24-106688 255 226 
2 1 1 O.OOO 0.000 0.000 -3.230000 23.350000 255 226 
3 1 O.000 0.000 0.000 -3.790000 23.1491 17 255 226 
4. 1 1 O.OOO O.OOO 0.000 -6.050000 24.224957 255 226 
5 1 1 O.000 0.000 0.000 -4.270000 25.04.0001 255 226 
;Range vs. Focus Table (inverse range vs focus param) 
Number Entries 9 
OOOOOOOOOOOOO 227 
OOO3OO5353501 227 
OOO3266036045 226 
OOO3510695882 226 
O.0035402784 12 226 
0.003738491796 226 
0.00387.3184789 226 
0.0041 75557755 226 
Zoom vs. Field of View Table 
Number Entries 256 
OOO 49.740 
001 49.740 
002 49.740 
O03 49.740 
OO4 49.740 
005 49.740 

JJJJJJUU 

250 3.020 
251 3.020 
252 3.020 
253 3.020 
254 3.020 
255 3.02O 
Zoom Table Corrections 
Max Zoom Value - 230 
Min Zoom Value - 30 
Min Zoom Useable - 31 
Max Zoom Value Fov - 2.080 
Min Zoom Value Fov - 34.000 
Min Zoom Useable Fow -7.480 

Fig. 14 
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FIGURE 15 
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FIGURE 17 
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FIGURE 18 
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VIDEO SYSTEMAND METHODS FOR 
OPERATING AVIDEO SYSTEM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to video systems and 
methods of operating Such Systems, and more particularly, 
the invention relates to Video Systems employing a plurality 
of cameras to produce images of a target object from various 
Spatial perspectives. 
0.003 2. Description of the Background 
0004. In the televised broadcast of live events, it is 
frequently desirable to replay portions of the events for 
further analysis and/or to enhance the viewing experience. 
One example, the familiar instant replay feature, is used in 
televised Sporting events to review Sports playS. By replay 
ing video taken by cameras at different locations, it may be 
possible to obtain a better view of the event than was 
provided by the camera Selected for the original broadcast. 
0005 Multiple camera imaging has been the subject of 
several issued patents. For example, U.S. Pat. Nos. 5,729, 
471 and 5,745,126 disclose a multiple camera television 
System in which an object of interest (target object) can be 
Viewed from multiple Spatial perspectives using cameras 
that provide different views of a scene. 
0006. However, such multiple camera television systems 
have typically utilized fixed position cameras. In the telecast 
of live events, target objects are often in motion, and it is 
desirable to be able to move the camera to follow the 
movements of particular objects. Furthermore, when replay 
ing video clips of events Such as Sporting events, it may be 
further desirable to be able to view the events from multiple 
Spatial perspectives. 

SUMMARY OF THE INVENTION 

0007. In at least one preferred embodiment, the present 
invention provides a camera System and method of operation 
of the camera System that uses multiple cameras to produce 
Video images from multiple spatial perspectives. The System 
may also permit the replay of those images to view an event 
from different spatial objectives. 
0008. The system preferably includes a plurality of video 
or other cameras located at various spatial locations around 
a target object, Such as a Sports Stadium or athletic field. 
Each of the cameras may include a robotic mount allowing 
for the remote control of the positioning, Zoom, focus, 
and/or other aspects of the camera. One camera is Selected 
as the current master camera, and the remaining plurality of 
cameras are robotically controlled as Slaves to the master 
camera which follow the master camera's field of view from 
different Spatial perspectives. 
0009. The plurality of cameras may be controlled from a 
remote location which includes a master pan head used to 
directly control the Selected “master” camera. AS the master 
pan head is moved and adjusted as reflected in a local Video 
monitor, a master broadcaster computer Sends information 
(collectively, “telemetry) to the actual master camera by 
way of a fiber optic, tri-axial, wireleSS RF, or other com 
munications connection. The master broadcaster computer 
also uses a Software program to calculate new positional 
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coordinates and camera Settings for each of the plurality of 
“slave' cameras So that each of the plurality of cameras is 
capturing an image of the target object as defined by the 
camera operator at the remote master pan head. 
0010. The video signal captured by each of the plurality 
of cameras is preferably Stored in a plurality of digital disc 
recorders (DDRs), a file server or other storage device. The 
DDRs may be connected to a digital router capable of 
outputting the content of any of the DDRs. A slow motion 
controller connected to the DDRS and/or the router allows a 
broadcast engineer to move forward and backward at vary 
ing Speeds through the Stored content as well as to Select 
which of the plurality of cameras is to be output from the 
router. By Selecting to output the Video feed from adjacent 
cameras in quick Succession, the output image gives the 
Sensation of “spinning” or "rotating around the target 
object. The Selected Series of images from the plurality of 
cameras can then be broadcast directly to air or can be 
re-recorded for further editing or pre-production with the aid 
of an additional Slow motion controller and Storage device. 
0011. The system may also include one or more calibra 
tion Stations capable of calibrating the positioning of the 
multiple cameras used to capture the Video images. The 
calibration Station preferably includes a Software program 
running on at least one calibration computer that allows 
dynamic calibration of the positional coordinates and other 
attributes for each of the plurality of cameras. 
0012. The present invention may also include a zoom 
calibration program that allows the multiple slave cameras 
to adjust the Zoom size (field of view) based on the posi 
tional coordinates of the target object and the Zoom size of 
the master camera. This Zoom calibration allows the target 
object to appear as the Same size in the Video frames from 
each of the cameras when the Video output is rotated through 
adjacent cameras. Likewise, there may also be a focus table 
and focus calibration program. 
0013 There may also be one or more paint stations 
including computer programs capable of adjusting the iris 
level, color Settings, shutter Speed, and other attributes of 
each of the plurality of cameras. This program may include 
the functionality to Simultaneously change the attributes of 
all or a Selected group of the cameras. These results are 
preferably communicated to the cameras by way of the 
master computer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 For the present invention to be clearly understood 
and readily practiced, the present invention will be described 
in conjunction with the following figures, wherein like 
reference characters designate the same or Similar elements, 
which figures are incorporated into and constitute a part of 
the Specification, wherein: 
0015 FIG. 1 is a top level block diagram of the compo 
nents of a multiple camera Video System; 
0016 FIG. 2 is a schematic representation of an exem 
plary camera System; 
0017 FIG. 3 is a schematic representation of exemplary 
camera control attributes, 
0018 FIG. 4 is a schematic representation of a master 
camera following a target object acroSS a field of play; 
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0.019 FIG. 5 is a schematic representation of the geo 
metric relationships between a camera and a target object, 

0020 FIGS. 6 (6a-6e) shows simulated frames of video 
images that illustrate the operation of the present invention 
in a Video replay mode, 

0021 FIGS. 7 (7a-7e) shows simulated frames of video 
images that further illustrate the operation of the present 
invention; 

0022 FIG. 8 is a system diagram of the camera system 
and the camera control System; 

0023 
0024 FIG. 10 is a schematic view of one exemplary 
embodiment of the wiring inside the camera controller 
panel; 

FIG. 9 shows an exemplary robotic pan head; 

0.025 FIG. 11 is a schematic of one exemplary embodi 
ment of a camera control System; 
0.026 FIG. 12 shows a sample calibration computer 
program Screen shot; 

0027 FIG. 13 shows an exemplary data file with abso 
lute positional coordinates (raw data); 
0028 FIG. 14 shows an exemplary data file for a camera 
with calibration, Zoom, and focus tables, 

0029 FIG. 15 shows an exemplary screen capture from 
a paint Station computer program display; 

0030 FIG. 16 shows an exemplary DDR-based image 
Storage and playback System; 

0031 FIG. 17 shows a schematic view of a football field 
with a plurality of Spaced microphones, and 

0.032 FIG. 18 shows an exemplary use of “virtual cam 
eras' between actual cameras at a football game. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0033. It is to be understood that the figures and descrip 
tions of the present invention have been Simplified to 
illustrate elements that are relevant for a clear understanding 
of the invention, while eliminating, for purposes of clarity, 
other elements that may be well known. Those of ordinary 
skill in the art will recognize that other elements may be 
desirable and/or required in order to implement the present 
invention. However, because Such elements are well known 
in the art, and because they do not facilitate a better 
understanding of the present invention, a discussion of Such 
elements is not provided herein. The detailed description 
will be provided hereinbelow with reference to the attached 
drawings. 

0034. The present invention contemplates, in at least one 
preferred embodiment, a System and method for a multiple 
camera Video System. The System remotely controls a plu 
rality of cameras in a master/slave relationship to capture 
images of a target object from multiple Spatial perspectives. 
These multiple video feeds may thereafter be played back 
from a storage device and further edited to produce replayS 
with the functionality to rotate around the target object as the 
object is in motion. 
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0035) A brief overview of the system will first be given 
from a high level of abstraction. Thereafter, a more detailed 
discussion of the overall System as well as each of the 
System components will be described. Finally, examples of 
System use will be provided to more Specifically point out 
how the System components work together. 

0036 Referring to the drawings, FIG. 1 is a block 
diagram of the general System components of the present 
invention. The FIG. 1 multiple camera video system 1 
includes a robotic camera System 10 for capturing Video of 
a moving target object from a plurality of Spatial perspec 
tives, an image Storage and playback System 3 for recording 
the captured images and producing replay Video feeds, and 
a camera control System 5 for calibrating and remotely 
controlling each of the cameras of the robotic camera System 
10. The camera system 10 may be communicatively coupled 
to the other systems 3, 5 by way of a fiber optic, triaxial, RF 
wireless, or other medium 7. The camera control system 5 
and the image Storage and playback System 3 may exist at 
the same location, for example in a broadcast truck, or 
various parts of either system 3, 5 may be located remotely 
from other System components. 

0037. The cameras 10a are preferably mounted on 
robotic pan heads 10b that allow for remote control of the 
positioning (pan, tilt), Zoom and/or other camera attributes. 
Each camera 10a also has a camera controller panel 10c 
asSociated with the camera that provides power and com 
munications capabilities to the cameras 10a. Positioning 
Signals are brought up to the cameras 10a, and the captured 
Video feed is sent back down to the components of the 
camera control 5 and the image Storage and playback 
Systems 3. The following description refers generally to 
Video cameras, however, it should be understood that Such 
cameras could be Standard resolution cameras, high defini 
tion Video cameras, and/or other devices capable of captur 
ing Video image Signals. 

0038. The camera control system 5 includes the compo 
nents used for calibrating, positioning, and/or adjusting 
various attributes of the cameras 10a. The camera control 
System 5 preferably comprises both communications ele 
ments (e.g., Ethernet media and fiber optic video converters) 
and control elements. There may be a master pan head 5a 
with a mounted monitor that allows a camera operator to 
remotely control a Selected “master” camera by moving the 
master pan head 5a. There may also be a master broadcaster 
computer 5b capable of calculating the correct pan, tilt, 
Zoom, and/or other camera attributes for the master and 
Slave cameras and communicating these values up to each 
camera 10a. There may be a cam-A computer 5c that 
provides visual feedback and functionality about the master 
camera. Additionally, the camera control System 5 prefer 
ably comprises one or more calibration Stations 5d and paint 
Stations 5e to Set up and adjust the various attributes of the 
cameras 10a. 

0039 The image storage and playback system 3 includes 
the components needed to Store the captured Video from 
each of the plurality of cameras 10a as well as the func 
tionality to produce instant replays and other Video feeds 
from this captured video. An operator of the image Storage 
and playback System 3 is able to produce a Video Segment 
while controlling the Speed, camera position, and/or move 
ment (forward or backward) of the stored video. This 
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functionality may be implemented using one or more video 
storage devices 3a, 3b (e. Digital Data Recorders “DDRs”) 
and one or more slow motion controllers 3c, 3d. The 
produced Video Segment may then be broadcast to air 9 or 
re-recorded for further production. 
0040 FIG. 2 is a schematic representation of an exem 
plary camera System 10 constructed in accordance with at 
least one presently preferred embodiment of the invention as 
applied to a television broadcast of an American football 
game. The System includes a plurality of television cameras 
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68 and 70 
positioned at different locations around the field of play 72. 
These cameras may be mounted to the Stadium Structure or 
other Secure location, and are preferably raised well above 
the field level for the best vantage of the target object on the 
field. While this example shows the use of thirty cameras, it 
should be understood the invention is not limited to a 
particular number of cameras, and a greater or lesser number 
of cameras may be used within the Scope of the invention. 
The cameras are located at Spaced positions to provide video 
images of various target objects in the field of play from 
various spatial perspectives. The cameras may also include 
microphones that transmit Sound along with the captured 
video. 

0041. The multiple camera system of the present inven 
tion generally operates by Selecting and controlling one of 
the plurality of cameras, thereby making it the “master' 
camera, from a remote master pan head which may be 
located in a broadcast truck. The camera operator uses the 
master pan head to position the master camera to follow a 
target object on the field of play 72. For example, the target 
object during a football game may be the football or a 
particular player on the field 72. AS the camera operator 
utilizes the master pan head to Select and control a master 
camera to follow the target object, information signals 
representative of the master pan heads (and therefore the 
master cameras) positional movement, focus and framing 
are Sent from the pan head to the master broadcaster com 
puter. This information is then used by the master broad 
caster computer to calculate actual positioning coordinates 
and other attributes for the master camera. These values are 
also used by a geometric transform function in the master 
broadcaster computer to calculate positioning coordinates 
and other attributes for each of the remaining “slave” 
cameras (all cameras except for the current master camera) 
So that all cameras in the System will be capturing Video of 
the same target object with approximately the same size field 
of View. The camera that is designated as the master camera 
at any one time is preferably Selectable from any of the 
System cameras. 

0042. In order to achieve coordinated operation of all of 
the cameras, the camera control System 5 must be provided 
with information about each camera, Such as its location 
with respect to the field of play (or collected calibration 
points on the field of play), Vertical and horizontal orienta 
tion, field of View, focus distance, and/or other characteris 
tics. FIG. 3 is a Schematic representation of an exemplary 
camera 42 for use in a System constructed in accordance 
with the present invention. FIG. 3 shows the various camera 
parameters that preferably are known, Such as the location of 
the camera in 3D space (shown as coordinates X,Y,Z) and 
parameters that can be controlled by the associated camera 
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control system 5 (such as the pan direction 102, the tilt 
direction 104, and/or the rotational angle 106). The pan, tilt 
and rotational angles of the individual cameras can be 
controlled by mounting the cameras on a robotic pan head or 
mount with the position of the platform being controlled 
automatically by various arrangements of Servo motors and 
mechanical couplings. The focus and Zoom functions can 
also be controlled remotely as described below. 

0043. The location of each of the cameras with respect to 
the Scene to be imaged (e.g., the field of play) or with respect 
to each other may be determined using known techniques, 
Such as by using a Surveying theodolite, a global positioning 
System (GPS) device, a triangulation method or Some other 
device/method to determine the location of the cameras with 
respect to predetermined landmarks in the Scene, Such as the 
corners of a football field. For accuracy in the camera 
control System 5, each camera should be calibrated based on 
a Series of captured calibration points on a computer-created 
texture map of the field of play. Such a calibration texture 
map may account for local irregularities in the field of play, 
Such as the pitcher's mound on a baseball diamond. 

0044. Once the locations of all of the cameras are known, 
this information can be combined with other calibration 
information to create a geometric transform function used by 
the master broadcaster computer to repeatedly calculate 
Settings for each Slave camera based on information 
retrieved from the master pan head (or directly from the 
master camera). These setting are preferably calculated 
approximately 120 times per second. These settings (e.g., 
pan, tilt, Zoom, focus, etc.) will be communicated by the 
master broadcaster computer to the individual camera con 
troller panels to position and focus the Slave cameras and to 
adjust the framing So that the object of interest is Substan 
tially the Same size in each of the Video imageS produced by 
the cameras. These transform functions are based on rudi 
mentary geometric relationships between the cameras and 
between each camera and the field of play. 

0045. In at least one preferred embodiment, the master 
camera is remotely controlled by a master pan head used to 
follow a target object on or around the field of play. The 
target object should be positioned within a portion of the 
camera's field of view referred to as the “sweet spot.” The 
Sweet Spot would typically be near the center of a camera's 
field of View, but through the use of appropriate Signal 
processing, other parts of the field of View could be used. 
The framing of an object at the Sweet Spot may change in 
relation to the action being shot. For example, at the begin 
ning of a football play, the shot might be wider to include 
most of the players, but as the focus is narrowed to one or 
two players, So would the framing of the master camera, and 
thus the slave cameras. 

0046. As the master camera tracks the target object, the 
Slave cameras are automatically controlled to track the target 
object in a manner that permits Subsequent viewing of the 
various images recorded by the cameras. That is, the auto 
matically controlled Slave cameras should focus on the 
target object and adjust the field of view So that the target 
object is Substantially the same size in the images recorded 
by the various cameras. In the preferred embodiment, the 
captured images would be Stored in a digital disc recorder or 
file Server for further production and editing, as in an instant 
replay. 
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0047 The operation of the invention can be further 
described by referring to FIG. 4. In FIG. 4, assume that 
camera 12 is the currently Selected master camera and is 
initially focused on a target object, Such as a football player 
at location 108. By using known locations of the slave 
cameras 14-70, the distance D1 from camera 12 to location 
108 and the framing size (or Zoom) information for camera 
12, the master broadcaster computer can calculate the infor 
mation needed to direct all of the additional (slave) cameras 
14-70 to focus on the target object 108 and to adjust the 
frame Size So that the target object appears to be Substan 
tially the same size in the Video imageS produced by each of 
the cameras 12, 14-70. This calculated information is then 
Sent to the camera control panels associated with each of the 
additional cameras, and the camera control panels move the 
cameras to the correct position. 

0.048 If the target object moves in a straight line from 
location 108 to location 110, the tilt angle of the master 
camera 12 will change to follow the object. If the field of 
View is not changed at the master camera 12, the target 
object will appear Smaller due to the increased distance D2 
between the master camera 12 and the target object 110. 
Slave camera 42, which is located directly across the field 
from the master camera 12 will be directed to change its tilt 
angle to follow the target object and will also have to 
increase its field of view (Zoom out) So that the target object 
is Substantially the same size in the image produced by 
camera 42 as it is in the image produced by the master 
camera 12. All of the other cameras 14-40, 44-70 will be 
directed to change their tilt angle, pan angle and/or Zoom to 
image the target object 110 from their respective Spatial 
perspectives and to ensure that the target object is Substan 
tially the same Size in their respective imageS as in the image 
produced by the master camera 12. 
0049. If the target object 110 subsequently moves along 
line 112 toward point 114, the distance D2 between the 
object of interest and camera 12 does not change, and 
assuming the that the framing Size remains constant, the size 
of the object in the image produced by camera 12 will 
remain the same. However, Since the distance between the 
target object 114 and all of the other cameras 14-70 has 
changed, all of the other cameras will have to adjust their 
Zoom to keep the size of the target object in their images 
Substantially the same as in the image produced by the 
master camera 12. 

0050. An example of a general method for determining 
the geometric relationships between the cameras and the 
field, and for determining the position of a target object 
based on a camera's positioning and a height intercept will 
now be described. These relationships can be used by a 
computer program in the master computer (or elsewhere) to 
calculate positioning, Zoom, and other camera attributes of 
both the master camera and the various Slave cameras. These 
relationships form the basis of the master broadcaster com 
puter's transform functions. Although a stepwise process is 
detailed below, these relationships are shown for exemplary 
purposes only, and the actual transform function utilized by 
the master broadcaster computer should not be limited to 
any particular methodology. 

0051 FIG. 5 is a schematic representation of the rela 
tionships between a camera 12 and a target 116 on the 
playing field. First the target's location with respect to a 
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master camera can be determined. The master camera tilt 
angle (CT) can be used to calculate the line of sight distance, 
or focal distance (FD), and ground distance (GD) from the 
master camera, using the following formulas where Z is the 
height of the master camera above the X, Y plane (the field 
as determined by the calibration program). 

0052 Once the focal distance FD and ground distance 
GD are known, the camera pan information (CP) can be used 
to calculate the X and Y coordinates of the target. This is 
determined by finding the difference in the X position 
between the master camera location and the target location 
(DX) and the difference in the Yposition between the master 
camera location and the target location (DY) using the 
following equations. 

0053) Then the camera's position in the world (CX,CY) 
can be added to (DX,DY) to obtain the real world target 
coordinates of (TX,TY). The opposite transform function 
(i.e., determining the camera tilt CT and camera pan CP 
angles from the position of a target on the field and the 
location of the camera 12) could be calculated by perform 
ing the reverse of the above equations. This may be useful 
in calculating the telemetry Settings for the plurality of Slave 
cameras once the location of the target object is known (see, 
below). 
0054 Additionally, the target object 116 may be at some 
height above the playing field (as determined by the cali 
bration program). For example, to focus on a player's waist, 
the camera 12 will be pointing at an interSection point with 
the playing field that is beyond the player. By using height 
offsets, the above calculations could still be used to perform 
the transform functions. 

0055 Zoom information for the master camera 12 can be 
arrived at in two ways. Either by the master broadcaster 
computer telling the camera Zoom what field of View is 
desired or the computer getting the information from the 
camera Zoom. In this example we will have the master 
broadcaster computer control Zoom based on field of View 
(FV). The focal angle (FA) of the lens can be found using the 
formula: 

0056. The above steps provide all of the information 
needed from the master camera 12. This information can 
now be used to control the “slave” cameras by reversing the 
calculations. First, the robotic slave camera positioning 
system must be told where to point. The position of the slave 
camera in the world coordinates is (CX.CY,Z). 
0057 The difference between the slave camera position 
and the target position (DX,DY) in the X,Y plane can be 
determined using the following formulas: 

TY-CYDY 

0058. The difference in positions in the Z direction is 
found by Subtracting the Z coordinate of the target (the 
vertical intercept) from the Z coordinate of the camera. Then 
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the ground distance (GD) between the slave camera and the 
target can be found using the formula: 

0059) The Camera Tilt (CT) angle can be found using the 
formula: 

0060. The Camera Pan (CP) angle can be found using the 
formula: 

0061 The Camera Focal Distance (FD) can be found 
using the formula: 

0062) The Focal Angle (FA) can be found using the 
formula: 

0063) The CT, CP, FD, and FA are then sent to the slave 
camera robotic positioning System, which will cause the 
Slave camera to track the target and match the framing of the 
master camera. All of these calculations are preferably made 
using computer Software, for example running in the master 
broadcaster computer. The above geometry-based discus 
Sion is used as the basis of the program, but any number of 
Specific programs could be written to perform these func 
tions. There are various ways in which this program could be 
written by one skilled in the art. 
0064. The multiple camera video system of the present 
invention may be particularly Suitable for providing 
improved Video replay images during a Sports broadcast. 
The video images of an event of interest from the plurality 
of cameras will be stored in a Suitable Storage medium, Such 
as a digital data file, digital disc recorders, or tape. To 
produce a replay of an event, one of the Video images will 
be played until a particular video frame of the event of 
interest is depicted in the video. At that time, the video will 
be frozen to display the particular video frame. The display 
may then Switch among frames in the Video images that were 
produced by the other cameras. The frames of the video 
images that were produced by the other cameras may be 
frames that correspond in time to the originally Selected 
frame, or they may be other frames, Such as those recorded 
at Successive or previous instants in time. Since the Video 
images have been recorded from different Spatial locations, 
that in the preferred embodiment encompass views Sur 
rounding the Scene, this will effectively rotate or Spin the 
object being displayed. 

0065. The cut between video sources can be done in a 
number of well-known ways, for example using a routing 
switcher such as the Grass Valley SMS 7000 or the Pesa 
Jaguar. Once a desired degree of rotation has been achieved, 
the Video images from the camera positioned at the location 
Viewing the desired angle of View can be played to continue 
full motion video or may be further edited. As an alternative 
to rotation of a frozen image, for Some applications, Such as 
where a single target object, or a Small number of objects are 
located near the Sweet Spot, moving Video can be displayed 
by Switching among the Video images from the various 
CCS. 

0.066 FIGS. 6a, 6b, 6c, 6d and 6e are simulated frames 
of Video images that illustrate the operation of the present 
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invention in a Video replay mode. ASSume that Video images 
produced by camera 26 in FIG.2 are displayed on a monitor. 
The viewer wishes to see if player 118 has stepped on 
Sideline 120. AS the player approaches the Sideline, a par 
ticular frame of the Video produced by camera 26 is Selected 
and shown in FIG. 6a. In the frame of FIG. 6a, the viewer 
cannot see if the player's left foot has hit sideline 120. To 
achieve a better view, the corresponding frame produced by 
camera 34 is shown in FIG. 6b. In this frame it is apparent 
that the player's foot has touched the line 120. FIGS. 6c, 6d 
and 6e shows the corresponding frame from the Video 
recorded by cameras 42, 48 and 56 respectively. It should be 
apparent that by Switching among corresponding frames of 
imageS recorded by the various cameras, the image of the 
player is effectively rotated or “spun on the display. Once 
a particular frame has been Selected from the available 
frames, the full motion video can be resumed by running the 
Video recorded from the camera that recorded the Selected 
frame. 

0067 FIGS. 7a, 7b, 7c, 7d and 7e are simulated frames 
of Video images that further illustrate the operation of the 
present invention. In these frames, the viewer desires to 
determine if the player 122 has crossed line 124 at the time 
that he crossed the sideline 126. FIG. 7a is a frame from the 
image recorded by camera 26. From the Spatial perspective 
of camera 26, the viewer cannot tell if the player has crossed 
line 124. FIG. 7b is a frame recorded from camera 32. Here 
again, the viewer cannot tell if the player has crossed line 
124. By Switching to the frame recorded by camera 36, as 
shown in FIG. 7c, the viewer can clearly see that the play 
is to the left of line 124. FIGS. 7d and 7e show correspond 
ing frames recorded from cameras 48 and 58, respectively. 
FIGS. 7a, 7b, 7c, 7d and 7e again illustrate how the 
invention uses a frozen image to effectively rotate the image 
on the display to provide information that might not be 
obtained from a fixed camera position. 
0068. With additional signal processing, synthesized 
(“virtual') Video images can be created by interpolating 
information in images taken by different cameras to produce 
Views from Spatial perspectives where cameras do not 
actually exist. Such Synthesis can result in Smoother transi 
tions between imageS when the object of interest is rotated 
in the display. For example, interpolation Software available 
from RealViz Corporation could be used to perform the 
necessary image interpolation. 

0069. This invention can be used as part of a live broad 
cast or as a replay device, giving a 360 view of an object 
or objects. To use the invention in connection with a Sporting 
event, cameras can be installed either at field level or at Some 
point above the field level such as the mezzanine level of a 
Stadium. The Video imageS provided by the camera System 
of this invention are similar to a virtual camera that can 
revolve around an object, as the object remains frozen or is 
in motion. The image produced by the master camera can be 
framed wide or tight, and the imageS produced by the 
additional cameras will automatically track the image pro 
duced by the master camera. 
0070 This invention further encompasses the detection, 
recording and playback of point Specific audio. By placing 
microphones at Some or all of the camera locations Such that 
the microphones receive Sound from the direction of the 
field of view of the cameras, audio signals can be produced 
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and fed to the computer for processing. Since the computer 
will have information concerning the position of the micro 
phones, the audio Signals produced by these microphones 
can be processed to produce an audio output signal repre 
Sentative of Sound being produced at a particular location in 
the area occupied by the event being recorded. 
0071 For example, since the distance from the camera to 
the object of interest can be calculated as shown above, if a 
microphone is mounted at the camera location, the time 
required for Sound produced in the vicinity of the target 
object to reach the microphone location can be calculated. 
Since the microphones are located at various distances with 
respect to the object of interest, the Sound produced in the 
vicinity of the target object will reach the microphones at 
different times. By adding a time delay to the Signals 
produced by the microphones to account for the differences 
in distance from the microphones to the vicinity of the target 
object, and Subsequently combining the signals (for example 
by adding the Signals using a digital mixer), the Sound 
produced in the vicinity of the target object can be recov 
ered. This will produce an audio signal having a higher 
Signal to noise ration than an audio Signal produced by any 
of the individual microphones. 
0.072 The above description provided a general overview 
of a multiple camera Video system according to the present 
invention and methods associated therewith. To aid in the 
understanding of the invention, and to point out additional 
features and components, the following description provides 
a more detailed explanation of at least one presently pre 
ferred embodiment. This discussion is intended to work in 
conjunction with the above description. 
0.073 FIG. 8 details a system diagram for one exemplary 
embodiment of the camera system 10 with connection to the 
camera control system 5 of the present invention. FIG. 11 
shows how the camera System 10 is connected to the camera 
control system 5, and FIG. 17 shows how this system is 
connected to the image Storage and playback System3. FIG. 
8 includes System elements that are mounted around the 
target event (e.g., the cameras and communications devices) 
as well as exemplary communications connections to ele 
ments that may exist in a production truck or other site (e.g., 
master pan head and master broadcast computer). These two 
sides of the system are denoted “stadium side” and “truck 
side” in FIGS. 1 and 8, however, most components may 
exist at almost any location given the proper communica 
tions connections. The camera system 10 shown in FIG. 8 
is preferably replicated at 30 locations around the Stadium. 

0.074 The cameras 150, mounted around the stadium or 
arena, may be conventional Video cameras, high definition 
Video cameras, or any other imaging device. The cameras 
150 are preferably mounted on a robotic pan head 152 or 
other mounting devices that remotely control the movement 
of the cameras. FIG. 8 shows a pan and tilt head 152 
operatively coupled to the camera 150. A pan and tilt head 
152 typically includes at least two axes of motion (one pan, 
one tilt) that allow control of the camera 150 over these 
multiple axes of motion. A third axis of movement, rotation, 
may also be included. 
0075 FIG. 9 shows one exemplary embodiment of a 
robotic pan head 152 for use with the present invention. As 
seen in FIG. 9, the panning axis (horizontal plane) is shown 
directly vertical from the center of the camera 150 (the lens 
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focal point). This is a preferred orientation because the 
camera lens will always be the same distance from this axis 
throughout its entire range of motion and no offset compen 
sation is necessary as the camera 150 pans. The FIG. 9 pan 
head 152 shows a tilt axis (vertical plane) that is not in line 
with the center of the camera lens. Therefore, as the camera 
150 tilts through its entire range of motion, the lens will be 
at varying lengths from the target object, which may slightly 
affect the ability of the captured image to align with the 
images of the other cameras. It is preferred to either com 
pensate for this tilt length offset in a computer program that 
processes the image or to utilize a pan head 152 where both 
the tilt and pan axes interSect the center of the focal point of 
the camera 150. 

0076 Each camera 150 has a camera control panel 162 
asSociated therewith which provides power to each camera 
and two-way communications between the camera and the 
control 5 and storage 3 systems (collectively hereafter the 
“truck side” of the system). In the camera control panel 162 
mounted near each camera 150, there is also preferably a pan 
head computer 154 that controls the pan and tilt of the pan 
head 152. This computer 154 preferably takes commands for 
remotely controlling the pan head 152 and translates them 
into instructions upon which the pan head can operate. The 
computer 154 may also translate current pan head position 
ing into a form that the truck Side of the System 1 can 
analyze. 
0077. The video or other imaging signal that is captured 
by the camera 150 is converted by a video converter such as 
the fiber optic video converter 156 shown in FIG. 8. This 
video converter 156 accepts the video feed in a format 
dependent on the camera 150 and converts it to a signal that 
may be carried by a fiber optic cable. Such converters 156 
are well known in the art. 

0078. The video converter 156 may also receive infor 
mation from the truck side of the system 1 through a fiber 
optic cable and convert this information into a format that 
the camera 150 can understand. For example, Zoom, focus, 
and paint information may be provided from the truck to 
each camera 150 to adjust for various objects to be targeted 
and environmental changes (e.g., cloud cover). Additionally, 
a genlock signal (described below) may be provided to each 
camera 150 so that the resulting stored video will be 
Synchronized acroSS all of the camera Video feeds during 
playback. In this way, the fiber optic video converter 156 
translates the information transmitted over a distance from 
the truck to each camera 150 into a format the local camera 
can understand (and Vice versa). 
007.9 The camera 150, robotic pan head 152, computer 
154, fiber optic video converter 156 and any other electronic 
components found locally near the camera typically need 
electric power to operate. FIG. 8 shows a power connector 
166 through which power 160 may be supplied to the camera 
control panel 162. 
0080 FIG. 10 details a schematic view of one exemplary 
embodiment of the wiring inside the camera controller panel 
162. FIG. 10 shows a 220VAC power source 190 being fed 
into a 12V linear power supply 192, a 24 V power supply 
194 and a series of three 48 V power supplies 196 connected 
in series. FIG. 10 also shows the power connector for the 
computer CPU 198, the fiber optic video converter (shown 
as a Fiber Option Media Converter) 200 and a fiber optic 
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Ethernet media converter (shown as a Black Box media 
converter) 202. There is also an 8 pin connector 204 for the 
robotic camera mount and a camera power cable 206 (shown 
as a Sony Hirose Cable Connector for use with a Sony video 
camera). 
0.081 Looking again at FIG. 8, there is shown a fiber 
optic Ethernet media converter 158. This media converter 
158 takes the wired 182 Ethernet-based signal from the pan 
head computer 154 in the camera control panel 162 (which 
is connected 180 to the robotic pan head 152) and converts 
it into a fiber optic-based Ethernet signal 186 for transmis 
sion to the truck side of the system 1. This converter 158 can 
also convert fiber optic Ethernet Signals received from the 
truck Side of the System 1 and to regular wired Ethernet 
Signals that may be used by the computer 154 in the camera 
control panel 162. The pan head computer 154 is commu 
nicatively connected to the pan head 152 for the transmis 
Sion of pan head Settings to the pan head and for the 
reception of actual pan and tilt values from the pan head. 

0082 For ease of installation and re-installation, the 
camera controller panel 162 preferably includes a fiber optic 
connector 164 and power connector 166 for which to 
provide a power cable (in this example a 220VAC power 
cable) and fiber optic cable 168 to the truck or editing end 
of the system 1. In this example, three or four strands of fiber 
optic cable 168 may be run together (one 184 for the camera 
150, two 186 for the robotic mount 152, and one spare fiber 
176). FIG. 8 shows up to a 1500 ft. run of fiber optic cable 
168 between each camera control box 162 and the truck side 
of the System. This maximum length is exemplary and is 
determined by the Specific components and communications 
Schemes used. The fiber 168 used for the bi-directional video 
feed is preferably multi-mode fiber. This fiber is used to send 
the genlock signal and other commands up to the cameras 
150 and to receive the video feedback from the camera. 

0.083. It should be noted here that the fiber optic system 
shown in FIG. 8 could be replaced by a variety of other 
cabling Systems. Fiber optics are shown as a preferred 
embodiment because of the distance in which the data can 
travel, but a fiber optic System is also more expensive, more 
fragile and more difficult to install/uninstall than other types 
of cable. 

0084. Alternative communications mediums could 
include a triaxial or wireless RF scheme. Many sports 
Stadiums already have triaxial cable run throughout much of 
the Stadium to accommodate past television technologies. 
Installation of the triax may therefore be streamlined. A 
wireless RF scheme may also be used but could be limited 
by bandwidth considerations created by FCC guidelines. 
The usable bandwidth of triax or glass fiber is much greater 
than that of the available RF spectrum. 

0085 Triaxial cable generally includes an innershield, an 
outer Shield, and a Semiconductor. In one embodiment of the 
present invention, the outer Shield can be used as a ground, 
the inner Shield can be used to Supply power Supply low, and 
the Semiconductor can be at DC potential. To Send Signals 
over this medium, the Signals are AC coupled to the Semi 
conductor to be sent up to the cameras. A triax adapter can 
be used with an RF modulator to send video, audio, and 
telemetry. For example, the video feed could be modulated 
on a 50 MHz carrier, the audio could be modulated at 25 
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MHz and the telemetry could be modulated at 30 MHz. As 
is common with triaxial cable, this Scheme replicates a wired 
RF communications Scheme. 

0086. In much the same way, a wireless RF communi 
cations Scheme could be used to transmit Signals to and from 
the cameras. A similar transmission System to the triaxial 
System may be created, however FCC and any local gov 
ernmental regulations must be followed for operation. 
Because the usable wireleSS spectrum is generally Smaller 
than the wired (triaxial or fiber optic) counterpart, the 
wireleSS RF system may have to be based an a poorer quality 
Signal (lower resolution) in order to accommodate all of the 
cameras on the reduced bandwidth. A modulation Scheme in 
which one camera after another transmits Video information, 
or in which only the Selected master camera transmits 
information may also be utilized. However, to store infor 
mation from each camera at all times (to completely archive 
the event), may necessitate a lower quality image being 
captured and Sent to the truck Side of the System. 
0087. The above camera system 10 (cameras 150, robotic 
pan heads 152, camera controller panels 162, and the 
communications Scheme) is preferably repeated throughout 
a plurality of camera Stations around the Stadium as 
described above. The example in FIGS. 2 and 8 show 30 
such camera configurations (denoted by “x30” in FIG. 8). It 
should be noted that any number of cameras may be used. 
AS more cameras are used, the amount of "Skip' between 
imageS when rotating from one camera to the next decreases. 
Therefore, a high number of cameras is preferred, but any 
number of cameras is contemplated within the Scope of the 
present invention. 
0088 At the “truck side” (FIG. 1) of the present inven 
tion, there is preferably all of the components necessary to 
Store and edit the Video information captured by each of the 
plurality of cameras as well as the ability to create and 
communicate appropriate commands to instruct each of the 
cameras (and pan heads) as to positioning and camera 
attributes Such as Zoom, focus, various paint parameters and 
any other functionality that the user wishes to communicate 
to each of the cameras. These latter camera control System 
5 components are now described with reference to FIG. 11. 
0089. Initially at the truck side of the system 1, there is 
a communications device capable of converting the Signals 
transmitted to and from the camera into a usable format. In 
FIGS. 8 and 11, because a fiber optic communications 
System is depicted, there is a plurality of fiber optic Ethernet 
media converters 174 (connected to the fiber optic cable 168 
through a cable connector 170) to convert the fiber-based 
Signal into a conventional wired signal. There may also be 
a fiber optic video converter 172 for the video signal that is 
not shown in FIG. 11 (described below with respect to the 
Storage and playback System 3). The plurality of wired 
Ethernet cables 111 are then routed through one or more 
hubs 210 (such as the Bay Networks 16 Port Hub shown in 
FIG. 11). Depending upon the number of cameras 150 used 
(and therefore the number of fiber optic cables 168 routed to 
the truck) a greater or lesser number of hubs 210 are needed. 
FIG. 11 shows two such hubs 210. In general, the truck-side 
communications devices (fiber optic video 172 and Ethernet 
media 174 converters) match similar elements (156, 158) 
found on the camera Side of the System. 
0090 These various hubs 210 are preferably connected 
together (212) So that any one of the camera video signals 
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may be sent as an output from these hubs 210 to one of the 
various truck Side computers or components. In the same 
way, the Ethernet connection may also be used to transmit 
commands, coordinates or other information to the cameras 
150 and robotic controller panels 162 at the camera side of 
the System. 

0.091 The master broadcaster computer 215 is one of the 
main computer Systems at the truck Side of the System 1. The 
master broadcaster 215 is connected to each camera 150 
through an Ethernet connection 217 to the daisy-chained 
hubs 210 and is connected to a master pan head 220 or 
camera mount that may be used to control the positioning of 
the various cameras 150. 

0092. The master pan head 220 is preferably a traditional 
camera mount that can be physically panned and tilted to 
position an attached camera in a conventional (Studio-based) 
Video camera System. In a preferred embodiment of the 
present invention, the master pan head 220 has a Video 
monitor 222 (rather than a video camera) mounted on the 
pan head 220. A camera operator at the master pan head 220 
can move the pan head 220 in various directions (pan and 
tilt) to remotely control a master camera which can be 
selected from any of the cameras 150 mounted around the 
Stadium, arena or other location. The use of the master pan 
head 220 provides tactile feedback to the camera operator. 

0.093 For example, the master pan head 220 may have a 
keyboard 224 and mouse 226 attached thereto which provide 
additional functionality to the master pan head 220. The 
camera operator may select a "master camera' from the 30 
cameras 150 mounted on the stadium. This camera will then 
be remotely controlled by the camera operator and all of the 
other 29 “slave” cameras will be remotely controlled to 
follow that master camera (controlled by the master pan 
head). Typically, the camera operator will Select a master 
camera using the keyboard 224 (for example by typing in the 
camera number or a pressing a hot key associated with the 
camera). The monitor 224 mounted on top of the master pan 
head 220 will then display the video feed from the selected 
master camera. ASSuming that camera 1 is Selected as the 
current master camera, the camera 1 video feed 178 will be 
converted by the fiber optic video converter 156 in the 
camera control panel 162, will be sent across the fiber optic 
cable 168 to the truck side fiber optic video converters 172, 
will be converted to a traditional wired signal, will pass 
through the cam-A computer 228 to the master pan head 
monitor 222. 

0094. The camera operator will therefore see an image on 
the monitor 222 mounted on the master pan head 220 (which 
is actually the video output of the cam-A computer 228) 
which is the image that camera 1 is capturing. AS the camera 
operator moves the master pan head 220 (pan and tilt), the 
position data of the master pan head 220 is sent serially 230 
to the master broadcaster computer 215 which then com 
municates this position data back up to the camera 1 robotic 
pan head 152 (via fiber optic cable 168 through the Ethernet 
converters 174, 158). The robotic pan head 152 will then 
move camera 1150 in accordance with the movement of the 
master pan head 220 by the camera operator. The image 
captured by camera 1 will then be transmitted through the 
cam-A computer 228 to the monitor 222 on the master pan 
head 220, and the camera operator will See the movement as 
if he or She was Standing right behind camera 1. In this way, 
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the camera operator at the master pan head 220 can 
“directly move a master camera by remote means. 
0095. As the camera operator moves the master camera 
with the master pan head 220, the master broadcaster 
computer 215 calculates pan and tilt coordinates to move 
each of the other 29 “slave' cameras in unison with the 
master camera (i.e., camera1). Therefore, the master camera 
is directly remotely controlled by the camera operator and 
the Slave cameras are indirectly controlled by the camera 
operator. The calculations in the master broadcaster 215 use 
a geometric transform between each of the Slave cameras 
and a predefined mesh or calibration table (described 
below). Although this transform could be coded in a number 
of different ways, the calculation basically translates the 
master pan head Settings and vertical intercept entered by the 
camera operator into a point in Space 3-dimensional that is 
defined as the target object. The Settings required for each of 
the Slave cameras is then calculated using the camera 
Specific transform to convert this actual point in Space to the 
appropriate camera Settings (e.g., pan, tilt) as per the cali 
bration table and transform. 

0096. In addition to the video signal from the cam-A 
computer 228 being sent to the monitor 222 above the 
master pan head 220 and the pan and tilt position data being 
sent from the master pan head 220 to the master broadcaster 
computer 215 (to be sent to the various robotic camera pan 
heads 152 after transformation), the master pan head 220 
may also include a Zoom controller that allows the camera 
operator to also control the field of view or Zoom of the 
master camera. For example, a conventional pan head Zoom 
control may be a rotatable Stick that can be turned clockwise 
or counterclockwise to Zoom in and out. AS the camera 
operator turns the Stick to Zoom in and out, the master pan 
head 220 sends this Zoom information 232 (typically as a 
data point representing a value between “no Zoom’ and “full 
Zoom”) to the master broadcaster computer 215. The master 
broadcaster computer 215 will then send this Zoom infor 
mation to the actual master camera (camera 1) So that this 
camera will appropriately Zoom according to the camera 
operator's control. The master broadcaster will also calcu 
late the appropriate Zoom Setting for all of the Slave cameras 
mounted around the Stadium. This Zoom correction is impor 
tant for a "spinning video output from one camera to the 
next (described in more detail below). Without this updated 
Zoom, the image would be enlarged and reduced randomly 
as the output is "spun' through the various cameras. This 
Zoom Setting calculation may be based on a Zoom calibration 
table described below. 

0097. The master pan head 220 may also include a mouse 
226 with a wheel used to adjust the intersection height above 
ground of the target image captured by the master camera. 
AS described above with respect to general camera geom 
etry, the image that a camera captures is along a Straight ray 
(FD in FIG. 5) from the camera lens to the point on the 
ground at which the camera focal line FD intersects. How 
ever, the camera operator may be attempting to show a 
football player carrying a football. Therefore, the actual 
target image is approximately 4 feet off of the ground (the 
ball or the player's waist), but the focal ray FD of the camera 
will interSect the ground at a point on the ground past the ball 
carrier. In order to appropriately adjust the focus of the 
master camera and to determine the actual target object 
position in 3D space at which the Slave cameras will point, 
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the camera operator may spin the wheel on the mouse 226 
to adjust the vertical height that is the interSection of this 
master camera focal ray FD with a vertical line from the 
ground. In the ball carrier example, a 4 foot interSection 
height may be appropriate. Depending on the angle of the 
camera focal ray with the ground, the interSection point can 
be calculated to find a true distance from the camera lens to 
the target image (the football). The focus on this camera can 
then be adjusted to this actual distance to the target object, 
rather than the distance to the interSection point with the 
ground. This focus adjustment preferably occurs based on a 
focus calibration table described below. 

0098. This height information may also be sent to the 
master broadcaster 215 So that the master broadcaster can 
determine the “actual' position in three dimensional Space 
of the target object, So that the appropriate telemetry Settings 
may be calculated for each of the Slave cameras. This 
includes the appropriate focus and Zoom information which 
must be calculated and Sent to each of the Slave cameras So 
that the target image is in focus from each of the cameras. 
0099] The cam-A computer 228 basically shows the 
Video image output from the currently Selected master 
camera. This video feed is sent to the monitor 222 at the 
master pan head 220 to help guide the camera operator and 
may further be sent to the broadcast truck to be sent to air 
or digital Video Storage. The cam-A computer 228 is pref 
erably connected to the output of the Ethernet hubs 210 so 
that it may communicate with any of the cameras 150. The 
cam-A computer 228 preferably also includes a keyboard 
224, mouse 226, or other input device (which may be used 
locally at the master pan head 220). There may also be a 
local monitor connected to the cam-A computer 228, and a 
Second monitor 222 may be connected to the cam-A com 
puter 228 and reside at the master pan head 220 (see above). 
0100. The cam-A computer 228 may also provide a 
heads-up display (HUD) for the camera operator at the 
master pan head 220. For example, when the cam-A com 
puter 228 sends the currently selected video feed to the 
monitor 222 on the master pan head 220, the cam-A com 
puter 228 may overlay crosshairs in the center of the video 
image to help guide the camera positioning. The HUD may 
also include the currently Selected interSection height above 
ground for the target object. 
0101 The HUD may also include a list of positional 
function keys that are available to be Selected by the camera 
operator at the master pan head 220. These positional 
function keys may be preset locations on the field of play, for 
example the pitcher's mound and each base of a baseball 
diamond. Each preset location may be set by aiming a 
camera at the Selected location and using ESC-F1 or Some 
other key Stroke to Save the location as positional hotkey F1. 
At any point during the broadcast, the camera operator may 
then hit the F1 key on his keyboard to position the master 
camera (and hence all of the cameras) to the Selected 
predefined position. 
0102) The cam-A computer 228 may be used to select the 
output of the plurality of video feeds from the various 
cameras to determine which Signal will be output to the 
broadcast truck or for the air. This broadcast Signal is 
represented as “video in”234 in FIG. 11. 
0103) The master broadcaster 215 is the central comput 
ing facility in the multiple camera Video System 1 of the 
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present invention. The master broadcaster computer 215 
preferably includes a keyboard 236, computer mouse 238, 
and/or any other computer input device. The master broad 
caster computer 215 is the central communications device 
for calculating and determining the positioning and other 
characteristics of the various master and Slave computers 
and for performing various other functionalities. 
0104. The general function of the master broadcaster 215 
is to position each of the cameras. AS described above, a 
camera operator can Select one of the plurality of cameras 
150 to be the (current) master camera, thereby making the 
other 29 cameras slaves. AS the camera operator moves the 
master pan head 220, the pan, tilt, and/or other positioning 
coordinates are sent by the master broadcaster 215 to the 
Selected master camera (with or without conversion depend 
ing on whether the information Sent by the master pan head 
220 matches the format expected by the robotic pan heads 
152). At the same time, the master broadcaster 215 must 
calculate at what point in Space (on the calibration texture 
map) the master camera is pointing, and calculate appropri 
ate pan, tilt, and/or other positioning coordinates for each of 
the Slave cameras. This calculation occurs because of a 
predefined data file that maps pan and tilt values for each 
camera to a texture map of the field, Stadium, or other target 
surface. In this way, the master broadcaster 215 is the 
“brains” of the system. More on this will be discussed below 
after the calibration program is introduced. 
0105 FIG. 11 also includes one or more calibration 
computerS 240 shown as calibration computer 1 and cali 
bration computer 2. These calibration computers 240 may be 
used to calibrate the X,Y,Z axes of the cameras 150 so that 
the master broadcaster can remotely control these cameras 
through the fiber optic network. 
0106 Each calibration computer 240 preferably includes 
a CPU, a monitor, and a keyboard 242, mouse 244 and/or 
other input device. The calibration computer 240 preferably 
includes an Ethernet card or other communication device 
through which the computer 240 can exchange data with the 
master broadcaster computer 215. In the FIG. 11 example, 
the calibration computerS 240 are connected to the master 
broadcaster 215 through a calibration hub 246 (e.g., Bay 
Networks 16 port hub). 
0107 The basic function of the calibration computers 240 
is to calibrate the positioning of each of the remote cameras 
150 enabling the master broadcaster 215 to remotely calcu 
late and control the Slave cameras in response to a movement 
in the master camera. Although this calibration is necessary 
before each event to be filmed (because the camera position 
will change), the calibration may be repeatedly checked and 
updated during the event to ensure Smooth frame transition 
from one camera to the next camera. Because the cameras 
150 are typically heavy, the pan head positioning can 
become incorrectly calibrated after continual motion of the 
camera during the event. 
0108. The calibration of each camera preferably includes 
relating the pan, tilt, and/or other pan head position Settings 
to actual locations on the playing field or other target Surface 
(actual X,Y positioning). This calibration is aided by a 
computer program running on the one or more calibration 
computers 240. Preferably, there is at least one calibration 
computer 240 for every five cameras to be calibrated. If a 
calibration engineer (running a calibration computer 240) 
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has to calibrate more than five cameras, the updating may 
not be quick enough for real-time calibration during the 
filming of the event. 

0109) A sample calibration computer program screen 
shot is shown in FIG. 12. FIG. 12 includes a window 250 
for showing the view from a Selected camera to be cali 
brated, a view 252 of the stadium, field or other target 
surface, and a plurality of control buttons 254 for the 
calibration engineer to calibrate and Set options for each 
camera. An exemplary calibration methodology utilizing a 
program with the FIG. 12 screen will now be described in 
detail. 

0110. The calibration program preferably creates a tex 
ture map of the playing Surface which is associated with 
actual pan and tilt positioning coordinates for each camera 
(through the use of a transform function). Because each 
camera is at a different location around the field, each 
camera must be individually calibrated So that the master 
broadcaster 215 can point each camera in the appropriate 
location when the camera operator or other entity Selects a 
certain location for viewing. 

0111. The first step in calibrating the cameras is to 
generate and Store a set of data points for various locations 
around the playing Surface of the target field. These data 
points should be real-world 3-dimensional coordinates that 
define the field of play. For example, an X,Y grid System in 
a horizontal plane could be used in conjunction with an 
azimuth or Z axis in the Vertical direction. For generally flat 
playing Surfaces (Such as a tennis court), the Z axis may be 
estimated as flat, but this vertical axis may be important for 
crowned playing Surfaces Such as a football field or for 
uneven playing Surfaces Such as the pitchers mound of a 
baseball field. By capturing these real world coordinates in 
a texture map, and then correlating pan and tilt Settings for 
the robotic pan head of each camera to these coordinates, a 
transform function can be written using basic geometric 
relationships to take any point in three dimensional Space 
and calculate pan and tilt Settings to aim a particular camera 
at that point. 

0112 The initial playing field mapping is carried out by 
Selecting a plurality of points around the field and determin 
ing the actual coordinates in Space. At each of a plurality of 
points, a theodolite, GPS global positioning device, or Some 
other positioning device may be used to generate the abso 
lute positioning coordinates. For example, an electronic 
theodolite may be moved from one point to the next and the 
absolute X,Y,Z coordinates may be automatically stored for 
later downloading into the calibration computer 240. Alter 
natively, a global positioning device may be placed at the 
Series of points and the absolute positioning may be Stored. 
A sample text file for the absolute (raw) data points is shown 
in FIG. 13 for a texture map made from 54 calibration 
points. 

0113. The number and placing of these calibration points 
may vary, but the texture map will be more accurate as the 
number of calibration points increases. Additionally, Select 
ing easily identifiable (i.e., repeatable) points (such as the 
various corners and intersections of lines on a tennis court) 
make the calibration of each camera 150 easier. If each of the 
cameras 150 can not be directed at exactly the same cali 
bration points, there may be Some discrepancies between 
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where each of the cameras 150 is pointed when the trans 
form functions are employed. Therefore, accurate calibra 
tion may be important. 
0114 With reference to FIG. 12, a schematic picture of 
the field of play 252 (in this case a tennis court in a tennis 
Stadium) may be downloaded to the calibration program and 
utilized as a quick reference for the acquired calibration 
points. Each of the acquired calibration points from the 
theodolite, GPS device, or other device are then mapped 
onto this schematic of the field of play 252 and represented 
as Some Symbol (Such as a Square). This bit map picture will 
not be used by the calibration computer, but may be useful 
to the calibration engineer for a quick reference of which 
point he is calibrating. The actual pan and tilt Settings of 
each camera 150 must then be mapped to these absolute 
position coordinates for each of these calibration points. So 
that a mathematical transform between each of the cameras 
and the absolute positional coordinates of the coordination 
points can be created for each camera. 
0.115. After these absolute date points are captured, each 
of the plurality of cameras must be aimed at the location of 
each of the points, and the pan and tilt Settings must be 
captured. These pan and tilt Settings can then be used to 
generate the transform. 
0116. The calibration engineer initially selects a first 
camera (e.g., camera 1) for calibration. The calibration 
engineer may select this camera by a drop-down menu. 256 
on the calibration program or by Some other means. Pref 
erably, the view from the selected camera will then be 
displayed in the camera display window 250 on the top of 
the calibration program display. Utilizing the keyboard 242, 
mouse 244 or other input device, the calibration engineer 
preferably is capable of panning, tilting, Zooming and/or 
focusing the Selected camera to calibrate the camera. 
0117 The calibration engineer moves the camera to the 

first point captured by the theodolite, GPS device or other 
device. Preferably, the camera is Zoomed to the maximum 
extent possible to make the point capturing as accurate as 
possible. As seen in FIG. 12, there may be crosshairs 258 on 
the camera display window in order to guide the calibration 
engineer in “aiming” the camera. Once the crosshairs 258 
are aligned with the first calibration point, the actual pan and 
tilt coordinates of the robotic pan head 252 of the selected 
camera are preferably Sent to a text file or other data file. 
Also, the vertical or Z coordinate may be read from the 
theodolite or absolute coordinate already captured. This data 
capturing may be implemented, for example, by Selecting 
the “save” button 260 on the calibration software display. 
Saving this value inserts the pan, tilt and/or other Settings 
into a text or data file Such as that shown in FIG. 14 for 
camera 1. There is preferably a camera data file Such as this 
for each of the cameras, and this data file is used to generate 
the geometric transform function used by the master broad 
caster computer 215 to remotely control each of the cameras. 
The data files may also include a Zoom table and focus table 
(described below), as well as any other pertinent informa 
tion. 

0118. The pan, tilt, height (Z axis), focus and Zoom may 
also preferably be directly entered by the calibration engi 
neer by using the Slider bars 262 or directly entering the data 
values 264 from the keyboard into the software. After the 
data values for the first calibration point are captured into the 
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camera 1 data file, the calibration engineer moves the 
Selected camera to the Second calibration point. Again, the 
camera is preferably Zoomed to its maximum extent to 
generate the most accurate values for the pan and tilt. Once 
the point is centered in the crosshairs 258 of the calibration 
display window 250, the point is written to the camera 1 data 
file as the pan and tilt Settings for calibration point number 
2. 

0119) All 54 (or any defined number) of the calibration 
points are preferably entered into the camera 1 data file this 
Same way. The program is capable of creating the appropri 
ate transform with less than all 54 points captured, but the 
more points entered, the better the resulting texture map 
transform function will be. 

0120. Once a sufficient number of points have been 
Stored for the Selected camera, the calibration engineer 
creates the texture map by Selecting the “geometric calibra 
tion'266 or other button on the calibration software display. 
This button 266 preferably initiates a program which cal 
culates a geometric transform based on the various geomet 
ric relationships between each camera and the calibration 
points and the captured pan and tilt values. These geometric 
relationships are described in more detail above, but basi 
cally enable the master broadcaster 215 to use the transform 
values to calculate a pan and tilt Setting for a camera based 
on a point in three dimensional Space, and Vice versa, if 
neceSSary. 

0121 There may also be a “mesh' functionality 268 that 
provides either a localized or field-wide texture mesh of the 
playing Surface. The meshing function 268 draws a com 
puter mesh between Selected points to provide greater reso 
lution at all points in the field for the transform functions. 
These local or field-wide meshes take into account height 
variations at different parts of the field or stadium (rather 
than assuming a flat Surface). These meshes may be useful 
on a field-wide basis for uneven playing Surfaces Such as the 
crowned Surface of a football field. The mesh can also be 
used for localized areas of an otherwise flat field Such as the 
pitcher's mound of a baseball Stadium. 
0122) To initiate a mesh calculation, the calibration engi 
neer preferably Selects a plurality of calibration points using 
the computer mouse 244 or keyboard 242 and then selects to 
“apply mesh' from a button 268 or other selection device on 
the display of the calibration program. This Selection ini 
tiates the mesh program and the computer mesh is created by 
Software which the master broadcaster 215 uses to calculate 
camera pan and tilt values (from the transform) when the 
master pan head 220 is moved during filming. Using a 
field-wide mesh is preferred because of the higher resolution 
calibration Settings, but may be used only locally if the 
computing power is not Sufficient to perform Such detailed 
calculations continuously during taping. 
0123 There may also be an “initialize camera” button 
270 to reboot the camera in case of a failure or other 
problem. When the system is first turned on, each of the 
cameras goes through a boot Sequence to prepare it for use. 
If one camera functions improperly during taping, it may be 
remotely rebooted from the calibration Station using this 
feature. This may reduce the necessity of having an engineer 
go out to the camera to initiate a reboot. 
0.124. Once this first selected camera has been calibrated 
geometrically, by the mesh method or by a combination of 
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both methods, the camera can be released (e.g., by Selecting 
the “release camera” button 272) which puts the camera 
back “on-line' as a Slave camera in the System. ASSuming 
the master pan head 220 is pointing at a different spot in the 
Stadium than the camera that is being calibrated is pointing, 
this released camera will reposition itself to that spot and 
continue normal operation. 
0.125. A second camera is then selected by the drop-down 
menu. 256, keyboard 242 or some other device, and this 
Second camera is taken off-line and calibrated in the same 
way as the first camera. Preferably, the same 54 calibration 
points are Selected and entered into a data file, and a 
geometric and/or mesh calibration map is created. The only 
difference will be that a different data file (now for camera 
2) will be created. All other aspects are preferably the same 
as those described above. 

0.126 Each of the cameras needs to be initially calibrated 
upon installation at a specific location. Additionally, 
throughout the program, the camera calibration must be 
updated as the robotic pan heads 152 lose their calibration 
(“drift’) and other environmental aspects affect camera 
positioning. Because cameras can be taken "off-line' one at 
a time, re-calibrated, and then released to the System, the 
re-calibration may continue throughout filming. It has been 
found experimentally that limiting the number of cameras 
per calibration computer 240 to no more than five is pre 
ferred. Additional calibration computers can be used for 
additional cameras. 

0127. Either during the initial calibration of each camera 
or at any other time, the calibration engineer may also Setup 
and calibrate a Zoom table and focus table for each camera. 
As seen in FIG. 14, the Zoom and focus tables preferably 
reside in the same data file as the pan and tilt values Stored 
in the data file for calibration. In additional embodiments, 
the Zoom and focus tables may reside in Separate data files. 
0128. A conventional video camera has a Zoom control 
that can be taken from Some minimum value to Some 
maximum value. For robotic control or Sensing of the Zoom 
position in the camera, the various amounts of Zoom are 
asSociated with a data number, Such as a number between 0 
and 255. Therefore, the minimum Zoom may be at Zoom=0 
and the maximum Zoom may be at Zoom=255. Because the 
Size of the target object should always be consistent in all of 
the cameras (which will all be at different actual lengths 
from the target object), the System preferably keeps track of 
the appropriate Zoom by utilizing the Zoom table. 
0129. When the camera operator utilizes the master pan 
head 220 to point the Selected master camera at a target 
object, the camera operator can also Zoom in or out on the 
object utilizing the Zoom controller described above. If the 
captured image is viewed on a television monitor, the target 
object will be of a certain size, depending upon the amount 
of Zoom Selected. Using the multi-camera System 1 of the 
present invention, the ability to rotate from one camera to 
the next is desired. However, in addition to having all of the 
plurality of cameras 150 pointing at the same object, each of 
the cameras 150 must also have an appropriate amount of 
Zoom So that the target object appears at a near equivalent 
size. Without this constraint, the target object would appear 
to reduce and enlarge in size as the image is rotated 
throughout the various cameras 150. However, because each 
of the cameras 150 is at a different actual distance from the 
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target image (because the cameras 150 are mounted at 
different places around the outside of the Stadium), the Zoom 
table is used to adjust for the appropriate Zoom length for 
each of the cameras. 

0130. The Zoom table is created by associating a specific 
Zoom value (e.g., 0 to 255) with the field of view (camera 
image width) shown in the camera 150 for that particular 
Zoom value. The Zoom value can be read from the robotic 
pan heads 152 (or sent to the pan heads) as an 8 bit word 
over the fiber optic Ethernet. To “calibrate” a Zoom point, 
the camera is pointed as level as possible and a specific 
Zoom value is Selected. The camera is then panned left and 
right and the encoders are read off of the pan head 152 to 
determine the width of the field of view. The tilt can then be 
used to determine the height of the field of view in the same 
way, if desired. 
0131 FIG. 14 shows a field of view value associated 
with each of the 255 camera Zoom values, but not every 
point needs to be actually measured. Instead, a limited 
number of Sample Zoom value/field of view measurements 
can be taken, and a Software program can be used to 
interpolate the values of the other Zoom values by plotting 
the known (experimentally found) values and plotting them 
on a curve against the Zoom Settings. In this way, a table Such 
as the Zoom table shown in FIG. 14 can be set up for each 
of the plurality of cameras 150. 
0.132. In actual use, the Zoom table is used to adjust the 
field of view of each of the cameras 150 in the system 1. If 
the camera operator uses the master pan head 220 to point 
at a target image with a Specific Zoom, these positional 
coordinate values and Zoom value will be sent to the master 
broadcaster computer 215 (as well as to the master camera 
So that the robotic pan head can position the camera). The 
master broadcaster 215 then calculates (described above) the 
actual distance from the master camera to the target image 
as well as the field of view value at that distance and the 
Selected Zoom value. The master broadcaster can then use 
the Zoom table associated with the other cameras to “reverse 
calculate” an appropriate Zoom value for each of the plu 
rality of Slave cameras. AS described above, the distance 
from the first Slave camera to the target image can be 
calculated using the Vertical intercept method. The Zoom 
table for that Slave camera can then be used to Select an 
appropriate Zoom value so that the field of view for the slave 
camera matches the field of view for the selected master 
camera. If these Zoom values match, the target image will be 
of approximately similar Size when images from the two 
cameras are viewed in Succession. This same Zoom calcu 
lation is preferably implemented for each of the slave 
cameras when their location is calculated by the master 
computer. 

0133. There may also be a focal table associated with 
each of the cameras. As shown in FIG. 14, the “range vs. 
focus table” works in a way similar to the Zoom table. For 
ease of use with conventional video cameras, it may be 
preferred to create this table as an inverse of the range verSuS 
the focus parameter of each camera. To Set up the focus 
table, an object is brought into focus at various distances 
(ranges) from the camera and the inverse range and focus 
parameters are charted in the focal table. AS more points are 
gathered, the resolution of the focal table will increase. This 
focal data table may exist as part of the camera data table (as 
in FIG. 14), or it may exist as a separate data table. 
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0.134. As the camera operator utilizes the master pan head 
220 to move the Selected master camera to follow a target 
object, the master broadcast computer 215 uses the trans 
form function to calculate the pan and tilt Settings for the 
plurality of Slave computers. AS described above, the actual 
distance from the target object to each of the plurality of 
Slave cameras can be calculated with Software. Once this 
actual value is calculated, the focal table can be used to 
look-up an appropriate value for the focal parameter for each 
of the video cameras. 

0.135 Although not shown in FIG. 8, the multi-camera 
Video System of the present invention may also include one 
or more paint Stations that allow a paint Station operator to 
manipulate certain other features of the plurality of Video 
cameras, Such as the iris level, Shutter, and/or color Settings. 
Each paint Station is preferably connected to the master 
broadcaster computer 215 Such that the images captured 
from each of the cameras 150 can be selectively viewed on 
the paint Station computer, and the paint Station computer 
can Send paint, iris and other commands to each of the 
cameras 150. The paint station preferably includes a paint 
computer with monitor, a keyboard and a mouse or other 
input device. 
0.136 FIG. 15 details one exemplary embodiment of a 
paint Station computer program display 300 for implement 
ing the functionality of the paint Station. The paint Station 
program preferably includes the ability to Select one or all of 
the plurality of cameras, the ability to control the iris, 
Shutter, exposure, or color of each of the cameras, as well as 
other functionality in the cameras. 
0.137 To select a camera for adjusting, the paint station 
operator may type the camera number into a dialog box 302 
or press a hotkey on the keyboard. Once Selected, the camera 
can be controlled by the paint Station program. Unlike with 
the calibration program, the paint Station program preferably 
does not necessitate the movement of the camera, So the 
camera does not need to be taken off-line to adjust it. 
Instead, the camera can be adjusted “on the fly” while still 
recording images and being controlled (for positional pur 
poses) by the multi-camera Video system computers. 
0.138. Once the camera is selected, the paint station 
operator can manipulate the camera. For example, moving 
the slider or entering a parameter value in the “manual iris' 
Section 304, the operator can remotely open or close the iris 
on a camera to let in more or leSS light. This may be useful 
when a part of the Stadium loses Some of its light for Some 
reason. If only one camera Seems to be too dark, the paint 
Station operator can flip back and forth between the two 
cameras and adjust the iris on the darker camera until the 
two cameras have a near equivalent brightness. This ease of 
Selecting different cameras may be preferred. 
0.139. In much the same way, the shutter value 306 can be 
changed. For example, if a Slow motion replay is anticipated, 
the shutter Speed can be increased to get a better resolution 
of images at a slower playback speed. The color section 308 
preferably allows the paint Station operator to manually 
adjust the red, green, and blue color Settings of each camera. 
This section 308 could be adjusted to work with any other 
type of color input used by various video or non-video 
cameras. Again, the images from two different cameras 
could be rotated back and forth between each other until the 
proper color adjustments are made. 
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0140. There may also be additional controls such as Zoom 
310, focus 312, master pedestal 314, detail 316, gain 318, 
exposure 320 and others that can be updated form the paint 
Station. These various feature adjustments preferably work 
in a manner Similar to those described above. Also, these 
adjustments are Sent to the cameras 150 in real-time, through 
the master broadcaster 215 and the fiber optic network. 
Because the cameras 150 may still be “on-line,” it is 
preferred to adjust those cameras that are not currently 
outputting an image signal directly to air (broadcast) or the 
image may appear Strange as it is changed. 
0.141. In addition to the “single camera' changes just 
described, there may also be the ability for the paint station 
operator to update an attribute of each of the plurality of 
cameras at the same time. For example, if a large cloud flies 
over a tennis Stadium during the filming of a match, the 
amount of light picked up by every camera will be reduced. 
Rather than adjusting each of the cameras Separately (which 
may take an extended period of time), the paint Station 
operator can utilize the “all” selection button 322 to adjust 
every camera at once. The paint Station operator can then 
open the iris of whatever camera he or she is currently 
viewing by moving the slider bar for manual iris 304. The 
paint Station computer can then calculate the percentage of 
change that was made to the iris (e.g., opened by 10%) and 
then make the same change to the iris Values of all of the 
other cameras. Although an absolute amount of change 
could be made to all of the cameras, the percentage change 
is preferred because the different cameras will have different 
iris Settings when viewing the same object because the 
cameras exist at different location with varying amounts of 
ambient light. 
0142. This “all” camera adjustment 322 may also be used 
for those featured described above Such as shutter 306, color 
308, exposure 320, Zoom 310 and focus 312. There may also 
be a Selection mechanism whereby a Selected Subset of 
cameras could be manipulated in unison. This may be useful 
as the Sun Sets below the edge of the Stadium, whereby only 
those cameras on one side of the Stadium need to be adjusted 
as the other cameras are still in the light. 
0143 Because of the time needed to adjust these features, 

it is preferable to have no more than five cameras assigned 
to any one paint Station computer. If more than five cameras 
are utilized in the System 1, there is preferably an additional 
paint Station. Also, as the temperature in the Stadium and 
other environmental conditions change throughout the 
game, the paint Station-controlled parameters should be 
updated throughout the filming process. The ability to adjust 
these parameters while the System is running aids in this 
proceSS. 

0144. The above description details how to position and 
remotely control various features of a plurality cameras 150 
mounted around a target image. Because the Zoom, focus 
and other features are controlled, various image Storage and 
replay Systems may be used to create effects that can be 
broadcast over conventional television or other mediums. 
Some exemplary embodiments of these Storage and replay 
systems, which were introduced above, will now be 
described. 

0145 The fiber optic video converters 172 at the truck 
side of the system (shown in FIGS. 8 and 11) preferably 
include analog outputs. AS described above, this analog 
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output may be sent to various components of the robotic 
control System 5 (e.g., cam-A 228, calibration computers 
240) to provide visual feedback of the “aim” of each camera 
150. As described below, these outputs are also sent to a 
plurality of digital disc recorders (DDRs) or other storage 
devices to be archived and used to “produce” multiple 
camera Video feeds to be broadcast over the air. This Storage 
Scheme will now be described. 

0146 FIG. 16 generally shows a DDR-based image 
Storage and playback System 3 to be used in the multiple 
camera video system 1 of the present invention. FIG. 16 
includes the plurality of fiber optic video converters 172 
(from FIGS. 8 and 11) connected to the video feed of each 
of the plurality of cameras 150. In this embodiment, the 
Video converters 172 are connected to a Single Strand of 
glass fiber 188 (see, FIG. 8). The genlock signal 342 that 
was previously described as being Sent to each of the 
cameras 150 is also fed into each of the fiber optic video 
converters 172 to make Sure that each field of each frame of 
Stored video from each camera are Synchronized in each of 
the DDRs. This genlock signal 342"slaves' all of the DDRs 
346 together by virtue of the time code. In the present 
example, there are 30 fiber optic converters 172 shown. 
0147 More specifically, the genlock signal 342 is used to 
make Sure all of the cameras 150 and DDRS 346 work 
together to capture and Store images from each of the 
plurality of cameras 150 at the exact same instant in time. 
The genlock signal 342 uses a time code that breaks down 
each television frame into its constituent fields So that each 
camera 150 and DDR 346 is exactly synchronized. A tradi 
tional frame Synchronizer, on the other hand, only Synchro 
nizes by frame, not by constituent field. Therefore, using 
Such a frame Synchronizer only assures that each camera and 
DDR are in the same television frame, not the same field 
within each frame. Allowing the cameras 150 to record in 
different fields may cause the resulting image to "flutter' 
when the image is rotated from one camera to the next. Each 
TV frame typically includes 4 fields, and not synchronizing 
by field can cause a noticeable flutter, especially when the 
Slow-motion controller is used to Spin through multiple 
camera Video feeds. 

0148 There is also a plurality (in this case 30) of analog 
distribution amplifiers 340 connected to the output of each 
of the fiber optic video converters 172. These amplifiers 340 
take the analog output of the video feed from the fiber optic 
video converter 172 and strengthen the signal while provid 
ing additional analog outputs for further distribution. The 
outputs of these amplifiers can then be fed to the DDRs 346 
or other Storage devices, the cam-A computer 228, the paint 
stations 360, the calibration computers 240, any monitoring 
stations 362, and/or other elements of the system. 
0149 One storage element for use with the present multi 
camera Video system is a digital disc recorder 346, Such as 
the DoReMi DDR with 2:1, 4:1, or 8:1 compression. The 
DDR 346 typically includes both analog and digital inputs as 
well as an analog to digital converter built into the analog 
input So that analog input data can be Stored in a digital 
format. 

0150. The output of each of the analog distribution ampli 
fiers 340 may be brought either directly or indirectly into the 
DDRs 346. Because the video feed is analog at this time, it 
can be connected directly to the analog input of the DDR 
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346 and the internal analog-to-digital converter (typically an 
8 bit converter) can be used to digitize the information So 
that it can be digitally stored in the DDR 346. Alternatively, 
each of the 30 (or any number) analog signals from the 
distribution amplifiers 340 could be run through an analog 
to-digital converter 348, such as the 10 bit converter shown 
in FIG. 16. The output of each of these analog-to-digital 
converters 348 can then be brought into the digital input of 
each of the DDRs 346. These 10-bit analog-to-digital con 
verters may provide a higher resolution digital Signal to the 
DDR 346, but it also adds an additional cost to the system 
when compared to using the analog input on the DDRs 346. 
Also, the higher resolution signal will use up more DDR 
Storage Space per unit of recording time than a lower quality 
version of the same information. Therefore, there is a 
tradeoff between image quality and the amount of time for 
which the Signal can be recorded. 
0151. Additionally, the DDRs 346 may include an inter 
nal compression algorithm that allows compression of the 
digital data. For example, the DDRs 346 shown in FIG. 16 
include a 2:1, 4:1 and 8:1 compression. Again, the tradeoff 
is between recording a longer amount of time and the quality 
of the recorded image. For a broadcast Signal, the compres 
Sion should preferably not exceed 2:1. 

0152 The output of each of the plurality of DDRs 346 is 
then preferably connected to the input of a digital router 350 
that is controlled by a slow motion controller 354. The 
digital router includes enough inputs So that a digital feed 
from each of the DDRs 346 (e.g., 30) may be connected 
thereto, and at least one output which is preferably con 
nected to an additional DDR 352 or other storage device. 
The slow motion controller 354 is preferably a modified tape 
controller that acts as a router controller for controlling 
which of the DDR feeds is passed out of the router 350 for 
storage in the additional DDR 352. The output of the 
additional DDR 352 is then available to be sent to air or 
Stored for further production. Although it appears that the 
controller 354 is only controlling this additional DDR 352, 
it is actually controlling each of the plurality of Video Storage 
DDR 346 outputs simultaneously. The genlock signal 342, 
described above, allows each of the DDRS 346 to be 
completely Synchronized. 

0153. The slow motion controller 354 preferably includes 
the ability to move forward and backwards through the 
recorded video content of the DDRS 346 and to "rotate' 
through the different cameras 159. If the action is frozen in 
a video picture frame and the router output 350 is rotated 
from one camera to the next camera and then to the next 
camera, the images output from the digital router 350 will 
appear to rotate around the target object (as generally 
described above). These motion and camera Selectors may 
be slider bars, joysticks, knobs or other Selectors. They may 
exist in one controller, or there may be a separate camera 
Selection controller (with rotating knob) connected to the 
slow motion controller 354 for moving forward and back 
wards through the video feed. 

0154) This additional DDR 352 output may be sent 
directly to a broadcast truck or other entity to be broadcast 
to a live television audience or it may be recorded to yet 
another DDR 356, tape, or other storage device. If an 
additional Storage device 356 is used, a Second tape con 
troller (slow motion controller) 358 can be used to further 
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edit or produce the Stored Segment of Video. For example, 
the first slow-motion controller may select the view of a 
quarterback as he drops back and hands off to a running back 
and then rotate around the running back as the ball carrier 
fumbles the football. The segment may continue from a 
Second camera's point of view as the teams Scramble for the 
loose ball, and a third camera may be used to show the 
defensive back pick up the fumble and run in for the 
touchdown. While one network may choose to show this 
pre-produced video segment (saved on the first DDR352) to 
their audience (for example, on the nightly news), the 
network that is currently broadcasting the game may choose 
to record the segment to an additional DDR 356 and then 
further analyze the play. By using a Second Slow-motion 
controller 358, the point of fumble can be rewound and 
replayed multiple times, at varying Speeds. The output of 
this additional DDR 356 could then be fed to a broadcast 
truck or additional Storage. This Second slow-motion con 
troller 358 provides additional production flexibility. 
O155 Looking at FIG. 16, the output of the analog 
distribution amplifiers 340 preferably also go to an analog 
router 344 that distributes the analog video feeds to a 
plurality of elements on the robotic side 5 of the system 1. 
For example, the analog router 344 preferably includes a 
plurality of outputs, as shown in FIG. 16. Each of the analog 
outputs may be controlled from a different Source by a 
rotatingly selectable switch, such as a BUF controller. By 
rotating the Switch at the remote location, the different 
camera video feeds may be selected. As shown in FIG. 16, 
the analog outputs of the router 344 may be fed to the 
monitor on the master pan head from cam-A228, each of the 
calibration stations 240, each of the paint stations 360, any 
monitoring Station 362, and/or any other element that ulti 
lizes selectable control of the video feeds. This demonstrates 
the intermixing of the components between the camera 
control System 5 and the image Storage and playback System 
3. 

0156. In another embodiment of the present invention, 
the multiple digital disc recorders 346 could be replaced by 
a file Server or Some other mass Storage apparatus. AS 
described above, the DDRs 346 have a single output, and 
therefore can only be used by a single user at a time. The 
advantage of a file Server or other mass Storage device is that 
multiple entities can be streamed the content Simultaneously, 
thereby allowing for multiple feeds of the same content. For 
example, multiple networks could receive a feed for an 
interesting play at a football game and each generate their 
own broadcast effects based on the recorded information. 
Additionally, the information on the file Server can be easily 
copied to multiple output Sources thereby aiding in the 
archiving and distribution of the feed. 
O157 For certain effects that may be difficult to produce 
directly from a file Server, for example a reverse motion 
play), the file server contents could be recorded to a tape. 
This tape could then be used like the DDRs or other 
conventional devices to create reverse motion or other 
effects. 

0158. In an extension of this concept, the images (server 
contents) could be streamed to an end user over the Internet 
through a device Such as an Internet-enabled Video game 
machine, a home computer, or other Internet device. The 
home user could then control the “editing” of the instant 
replay or other image according to their own desires. 
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0159. The multiple camera system of the present inven 
tion may also include a plurality of microphones to record 
sound as it travels throughout the field. For example, FIG. 
17 shows a schematic view of a football field 400 with a 
plurality of Spaced microphones 402. Typically, the micro 
phones used at a televised Sporting event are omni-direc 
tional to pick up a maximum amount of Sound. In a preferred 
embodiment of the present invention, these microphones are 
directional microphoneS 402 that pick up Sound from a 
Smaller Sound field than traditional microphones. 
0160 The microphones 402 may be stationary and pick 
up Sound only at one part of the field, or the microphones 
402 may also be mounted to the robotic pan heads 152 or 
other device that allows the microphones 402 to “follow” the 
target object and pick up Sound near that object. 
0.161 Because sound travels much slower than light, the 
microphones 402 that are farther away from the target object 
will receive Sound emanating from that object later than 
microphones 402 that are closer to the action. Although this 
phenomenon also exists in relation to the images captured by 
the cameras 150, the result is negligible in the camera case 
because of the extremely high velocity of light. However, 
with the microphones 402, Some correction is preferred. 
0162 To correct for the propagation of sound waves, the 
outputs from each of the plurality of microphones 402 are 
preferably fed into a digital mixer 404 capable of delaying 
the Sound on a per-channel basis. AS described above, the 
multi-camera System 1 already computes the position of the 
target object on the field in order to remotely control the 
master and Slave cameras 150. This positioning calculation 
can also be used to calculate the distance from each direc 
tional microphone 402 to the target object. The digital mixer 
404 then can delay the input from each microphone 402 an 
amount of time that compensates for the propagation of 
Sound. To be even more accurate, the System preferably 
calculates the appropriate Speed of Sound based on the 
current relative humidity at the Stadium. During a Sporting 
contest or other event, this relative humidity will change and 
therefore should be compensated for. Additionally, the alti 
tude of the event should be taken into account. By delaying 
the “quicker' microphones, the Sound from each of the 
microphones 402 will be in phase and the sound will be 
added from all of the microphones. This calculation may be 
carried out on a microphone computer 406 connected to the 
digital mixer. 
0163 The multiple camera video system 1 of the present 
invention could also be enhanced with the use of “virtual' 
cameras inserted between the plurality of actual cameras 
150. If less than a desired number of camera positions are 
available, or if a greater resolution of image rotation is 
desired, additional “virtual” cameras could be implemented 
using a Software program to interpolate camera images in 
between two existing cameras. For example, FIG. 18 shows 
one corner of a football stadium 410 with three cameras 150 
mounted on robotic pan heads 152 according to the present 
invention. FIG. 18 also shows the location of a virtual 
camera 912 that is mounted between each two “real” cam 
eras 150. This virtual camera 412 does not physically exist, 
but the image from such a camera 412 could be fabricated 
with Software. 

0164. For example, as images are captured by the two 
real cameras 150 and sent to the broadcast side of the system 
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(e.g., the master broadcaster 215), a computer may use 
Software to compare the pixels of each frame from one 
camera with the corresponding pixels in the adjacent cam 
era. To create a “virtual” camera 412 between these two real 
cameras 150, the software preferably interpolates the color 
of each pixel to be a transition color between the colors of 
the two actual pixels. If the two cameras 150 have pixels of 
the same color, the Virtual image will have that same color. 
If the two cameras 150 have different colors, these colors are 
analyzed and a transition color is used. This transition color 
may be determined based on the values for red, green, and 
blue in the color Spectrum, or by Some other means. 
0.165. The resulting virtual image does not necessarily 
represent any real-world image that could be taken. Instead, 
the virtual image provides a Smoother transition between 
imageS when the image is rotated from the first real camera 
to the Second real camera. Therefore, when Spinning through 
the cameras 150, 412, the resolution is increased. 
0166 Although this feature has been described with the 
production of a singe virtual image 412 between two adja 
cent real cameras 150, there could also be two or more 
Virtual imageS 412 interpolated in this gap. The color 
transition may be Scaled to utilize any number of Virtual 
images, and the present invention is not limited to any 
particular number of Virtual images. 
0167. It should be noted that the master camera position 
ing device has been described above as being a conventional 
manual pan head that provides tactile feedback to a camera 
operator while he or she remotely controls a master camera. 
In actuality, any device that generates location information 
that can be translated or transformed into camera and robotic 
pan head Settings (i.e., pan, tilt, etc.) may be used. For 
example, a joy Stick or any other input device may be 
manipulated to move the master camera. 
0.168. In one embodiment of the present invention, there 
is not even a need to directly control the master camera 
through manual means. For example, an RF tracking System 
could be used. In this System, each of the players, the ball, 
or any other object could include a small RF transmitter or 
transceiver that outputs positional coordinates as the player 
or ball moves around the field. These positional coordinates 
may then be received by a receiver connected to the master 
broadcaster computer. This master broadcaster computer can 
translate the positioning coordinates into actual pan and tilt 
Settings for each of the master and Slave robotic pan heads. 
The positional coordinates of each player (from each trans 
mitter) may be sent over a different carrier frequency, So that 
one Specific target transmitter could be chosen. For example, 
the camera operator may Select the target transmitter by 
using preset function keys tied to each transmitter in the 
Same way that preset function keys were used above to Select 
different areas of the field (pitchers mound, etc.). This RF 
Scheme requires even leSS manual control than other Some 
other embodiments described above. 

0169. With this invention, a director of a televised sport 
ing event can produce replays of the events that permit an 
in-depth analysis of the action by combining information 
contained in Video images taken from different Spatial 
perspectives. The invention also provides the ability to 
change Video framing during recording of an event. 
0170 In addition to the use of the present invention in 
broadcasts of football games as shown in the preferred 
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embodiment, this invention has many other practical appli 
cations Such as, golf Swing analysis and telecasts of basket 
ball, gymnastics, track and field, boxing and entertainment 
events. The invention could also used in the movie industry. 
0171 For example, rather than filming a movie scene 
numerous times from various different angles, a multiple 
camera System could be used to follow a target object in the 
movie Scene using a remote master pan head and other 
System components. Such a System may Save Studio time in 
the production of movies and may further enable a Smoother 
transition from one camera angle to the next. 
0172. Additionally, by using high definition video cam 
eras in place of traditional film cameras to record a Scene 
from a multiple of perspectives, a more complete record of 
the Scene can be obtained, providing for more options in 
editing of the Video for incorporation into a final video 
Sequence. For example, a 16:9 aspect ratio high definition 
camera with a wide angle lens could be used to capture the 
target image from a plurality of locations. Then, each of the 
wide angle imageS could be broken up into two, three or 
more images that reside next to each other in real Space. This 
utility can be accomplished by Segmenting the Video frame 
into different Sectors. A "spinning” output could then be 
produced using a reduced number of cameras than described 
above. 

0173 Nothing in the above description is meant to limit 
the present invention to any Specific materials, geometry, or 
orientation of elements. Many part?orientation Substitutions 
are contemplated within the Scope of the present invention 
and will be apparent to those skilled in the art. The embodi 
ments described herein were presented by way of example 
only and should not be used to limit the scope of the 
invention. 

0.174 Although the invention has been described in terms 
of particular embodiments in an application, one of ordinary 
skill in the art, in light of the teachings herein, can generate 
additional embodiments and modifications without depart 
ing from the Spirit of, or exceeding the Scope of, the claimed 
invention. Accordingly, it is understood that the drawings 
and the descriptions herein are proffered only to facilitate 
comprehension of the invention and should not be construed 
to limit the Scope thereof. 

What is claimed is: 
1. A multiple camera Video System, comprising: 
a plurality of cameras, 
a master pan head for positioning a Selected master 

camera from Said plurality of cameras, and 
a master broadcaster computer for calculating telemetry 

for at least one slave camera from Said plurality of 
CCS. 

2. The System of claim 1, wherein Said master pan head 
is remote from Said plurality of cameras. 

3. The System of claim 1, wherein Said master pan head 
includes a monitor mounted thereon. 

4. The System of claim 1, wherein Said master pan head 
includes a Zoom adjustment. 

5. The System of claim 1, wherein Said master pan head 
includes a height interSect adjustment. 

6. The system of claim 5, wherein said height intersect is 
Selected using the wheel on a computer mouse. 
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7. The system of claim 1, further comprising: 
a plurality of robotic pan heads upon which each of Said 

plurality of cameras is mounted for remotely control 
ling Said plurality of cameras. 

8. The system of claim 7, wherein said robotic pan heads 
include a pan and tilt function. 

9. The system of claim 8, wherein the pan and tilt axes of 
the robotic pan heads interSect at a point within the body of 
Said plurality of cameras. 

10. The system of claim 1, further comprising: 
at least one paint Station connected to Said master broad 

caster computer. 
11. The system of claim 10, wherein each of said at least 

one paint Stations comprises: 
a monitor; 

an input device, and 
a paint Station computer running paint Station Software. 
12. The System of claim 11, wherein Said paint Station is 

capable of adjusting an attribute of at least one of Said 
plurality of cameras. 

13. The system of claim 12, wherein said attribute is 
Selected from the group consisting of red paint, green paint, 
blue paint, Shutter, iris, Zoom, and focus. 

14. The System of claim 12, wherein the paint Station can 
adjust Said attribute on more than one of Said plurality of 
cameras Simultaneously. 

15. The system of claim 12, wherein said camera attribute 
can be adjusted while the camera telemetry is being auto 
matically controlled by the master broadcaster computer. 

16. The system of claim 12, wherein the number of said 
at least one paint Stations is at least one-fifth the number of 
CCS. 

17. The system of claim 1, further comprising: 
at least one calibration Station. 
18. The system of claim 17, wherein said at least one 

calibration Station is capable of creating a point calibration 
table for each of Said plurality of cameras. 

19. The system of claim 17, wherein said at least one 
calibration Station is capable of creating a Zoom calibration 
table for each of Said plurality of cameras. 

20. The system of claim 17, wherein said at least one 
calibration Station is capable of creating a focal calibration 
table for each of Said plurality of cameras. 

21. The system of claim 17, wherein the number of said 
at least one calibration Station is at least one-fifth the number 
of cameras. 

22. The System of claim 1, further comprising: 
at least one Video Storage device. 
23. The system of claim 22, wherein said at least one 

Video Storage device is a plurality of digital disc recorders. 
24. The system of claim 22, wherein said at least one 

Video Storage device is a file Server. 
25. The system of claim 23, further comprising: 
a digital router connecting the outputs of each of Said 

plurality of digital disc recorders, and 
a first slow motion controller. 
26. The system of claim 25, wherein said slow motion 

controller is capable of Selecting a router output from the 
plurality of digital disc recorders. 
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27. The system of claim 25, wherein said slow motion 
controller is capable of controlling each of the plurality of 
digital disc recorders Simultaneously. 

28. The system of claim 27, wherein said slow motion 
controller is capable of controlling the forward and back 
ward motion of the output of each of Said plurality of digital 
disc recorders. 

29. The system of claim 25, further comprising: 
an additional digital disc recorder connected to the output 

of Said digital router. 
30. The system of claim 29, further comprising: 
a Second slow motion controller for controlling the output 

of Said additional digital disc recorder. 
31. The system of claim 1, further comprising: 
a communications medium coupling the plurality of cam 

eras to the master broadcaster computer. 
32. The system of claim 31, wherein said communications 

medium is fiber optic cable. 
33. The system of claim 32, wherein said fiber optic cable 

is multi-mode fiber optic cable. 
34. The system of claim 31, wherein said communications 

medium is triaxial cable. 
35. The system of claim 34, wherein a semiconductor in 

Said triaxial cable is used to modulate camera telemetry 
information and captured image data. 

36. The system of claim 31, wherein said communications 
medium is a wireleSS RF connection. 

37. The system of claim 1, further comprising: 
a cam-A computer. 
38. The system of claim 1, further comprising: 
a plurality of microphones, and 
a microphone computer for combining the outputs of Said 

plurality of microphones. 
39. The system of claim 38, wherein said microphones are 

directional microphones. 
40. The system of claim 38, wherein said microphones are 

Spaced around a target object that is being recorded. 
41. The system of claim 38, wherein said computer is 

capable of overlaying the output from each of Said plurality 
of microphones in the same moment of time based on the 
Speed of Sound and the distance from each of Said micro 
phones to a target object. 

42. The system of claim 41, wherein the calculated speed 
of Sound includes an adjustment for the altitude of the 
microphone and the relative humidity at the site of the 
microphone. 

43. The system of claim 41, wherein the output of each of 
Said microphones is connected to a digital mixer which is 
controlled by Said microphone computer. 

44. A multiple camera Video method, comprising the Steps 
of: 

using a master pan head to position a master camera; 
calculating telemetry Settings for a plurality of Slave 

cameras based on the master camera telemetry and a 
geometric transform in a computer remote from Said 
plurality of Slave cameras, and 

communicating the calculated telemetry Settings to Said 
plurality of Slave cameras. 

45. The method of claim 44, wherein said master pan head 
positions Said master camera from a remote location. 
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46. The method of claim 45, wherein said master pan head 
and Said master camera communicate via an Ethernet con 
nection. 

47. The method of claim 45, wherein said master pan head 
includes a monitor that displays the Video feed captured by 
the master camera. 

48. The method of claim 44, wherein said master camera 
and Said plurality of slave cameras each include a robotic 
pan head for positioning the cameras. 

49. The method of claim 45, further comprising the step 
of: 

Storing the Video feed from Said master camera and Said 
plurality of Slave cameras in a Storage device. 

50. The method of claim 49, wherein said storage device 
is a plurality of digital disc recorders. 

51. The method of claim 49, wherein said storage device 
is a file Server. 

52. The method of claim 49, further comprising the steps 
of: 

capturing Sound from a plurality of locations around a 
target object; and 

adjusting the timing of the captured Sound from each of 
the plurality of locations to compensate for the effect of 
the local relative humidity on the speed of Sound so that 
a target Sound is in phase from each location. 

53. The method of claim 52, wherein the compensation 
for the effect of the local relative humidity also includes a 
compensation for the altitude of each of the plurality of 
locations. 

54. The method of claim 49, further comprising the step 
of: 

producing a replay Video feed based on the Stored Video 
feeds from Said master camera and plurality of Slave 
CCS. 

55. The method of claim 54, wherein said production step 
includes the Steps of: 

using a slow motion controller to Select from the Video 
feeds captured by the master camera and the plurality 
of Slave cameras as a current output Source; and 

using Said slow motion controller to move forward or 
back ward through the current output Source. 

56. The method of claim 55, further comprising the step 
of: 

using the Slow motion controller to Select a Second feed 
captured by the master camera and the plurality of slave 
cameras as a Second output Source after Said current 
output Source. 

57. The method of claim 54, wherein said produced video 
feed is recorded to a digital disc recorder. 

58. The method of claim 57, wherein the produced video 
feed recorded on Said digital disc recorder is further 
recorded on a Second digital disc recorder attached to a 
Second Slow motion controller. 

59. A method for calibrating a multiple camera video 
System, comprising the Steps of 

capturing a plurality of calibration point values as abso 
lute coordinates in three dimensional Space; 

Storing Said plurality of absolute coordinates in a data file; 
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capturing pan and tilt Settings for a plurality of cameras 
when said camera is aimed at each of Said calibration 
points, and 

creating a Software geometric transform relating the three 
dimensional absolute coordinates to pan and tilt Set 
tings for each of Said plurality of cameras. 

60. The method of claim 59, wherein said calibration 
point absolute coordinates are captured using a Surveying 
theodolite. 

61. The method of claim 59, wherein said calibration 
point absolute coordinates are captured using a global posi 
tioning device. 

62. The method of claim 60, wherein said theodolite is 
adapted to automatically download Said absolute coordi 
nates to a data file in a computer. 

63. The method of claim 59, wherein said pan and tilt 
Settings are read from a master pan head that is remotely 
controlling Said cameras. 

64. The method of claim 59, wherein said captured pan 
and tilt Settings are downloaded into a Second data file. 

65. The method of claim 64, further comprising the step 
of: 

generating a Zoom calibration table by associating a field 
of View with a plurality of predefined Zoom Settings for 
each of Said plurality of cameras. 

66. The method of claim 65, wherein said Zoom calibra 
tion table is in the Second data file. 

67. The method of claim 65, further comprising the step 
of: 

generating a focal calibration table by associating a cam 
era focus Setting with each of a plurality of Selected 
focal distances for each of Said plurality of cameras. 

68. The method of claim 67, wherein said focal calibration 
table is in the Second data file. 

69. A multiple camera Video system, comprising: 
a plurality of cameras, 
a master pan head for positioning a Selected master 

camera from Said plurality of cameras, 
a master broadcaster computer for calculating telemetry 

for at least one slave camera from Said plurality of 
cameras, and 

at least one paint Station connected to Said master broad 
caster computer. 
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70. A multiple camera Video system, comprising: 
a plurality of cameras, 
a master pan head for positioning a Selected master 

camera from Said plurality of cameras, 
a master broadcaster computer for calculating telemetry 

for at least one slave camera from Said plurality of 
cameras, and 

at least one calibration Station. 
71. The system of claim 70, wherein said master pan head 

and Said calibration Station are remote from Said plurality of 
CCS. 

72. The system of claim 70, further comprising: 
a plurality of calibration Stations. 
73. The system of claim 70, further comprising: 
at least one paint Station. 
74. A multiple camera Video system, comprising: 
a plurality of cameras, 
a master pan head for positioning a Selected master 

camera from Said plurality of cameras, 
a master broadcaster computer for calculating telemetry 

for at least one slave camera from Said plurality of 
cameras, and 

at least one video storage device is a plurality of digital 
disc recorders. 

75. The system of claim 74, further comprising: 
at least one calibration Station. 
76. The system of claim 75, further comprising: 
at least one paint Station. 
77. A multiple camera Video system, comprising: 
a plurality of cameras, 
a master positioning device for positioning a Selected 

master camera from Said plurality of cameras, and 
a master broadcaster computer for calculating telemetry 

for at least one slave camera from Said plurality of 
CCS. 

78. The system of claim 77, wherein said master posi 
tioning device is located remote from Said plurality of 
CCS. 


