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A Sports Simulation System includes a projectile tracking 
apparatus having a display Surface on which a visually 
apparent three-dimensional Sports Scene is presented. The 
projectile tracking apparatus captures images of a projectile 
tracking region disposed in front of the display Surface to 
detect a launched projectile traveling through the projectile 
tracking region towards the display Surface. At least one 
processing Stage communicates with the projectile tracking 
apparatus and is responsive to the data received from camera 
devices to determine the three-dimensional positions, Veloc 

Correspondence Address: 
BAKER & DANIELS LLP 
111 E. WAYNE STREET 
SUTE 800 
FORT WAYNE, IN 46802 (US) 

(21) Appl. No.: 11/195,017 ity, acceleration and Spin of a detected projectile traveling 
(22) Filed: Aug. 2, 2005 through the projectile tracking region. The determined three 

9 dimensional positions, Velocity, acceleration and Spin are 
Related U.S. Application Data used by the at least one processing Stage to calculate a 

trajectory of the launched projectile into the Visually appar 
(63) Continuation-in-part of application No. 10/629,945, ent three-dimensional Sports Scene. Updated image data is 

filed on Jul. 30, 2003. generated by the at least one processing Stage that includes 
a simulation of the launched projectile into the visually 

Publication Classification apparent three-dimensional Sports Scene following the cal 
culated trajectory. A projection unit coupled to the at least 

(51) Int. Cl. one processing Stage receives the image data from the at 
A63F I3/00 (2006.01) least one processing Stage and presents the Visually apparent 
A63F 9/24 (2006.01) three-dimensional Sports Scene, including the Simulation, on 

(52) U.S. Cl. ........................... 463/1, 463/2; 463/4; 463/5 the display Surface. 

  



Patent Application Publication Mar. 23, 2006 Sheet 1 of 10 US 2006/0063574 A1 

  



Patent Application Publication Mar. 23, 2006 Sheet 2 of 10 US 2006/0063574 A1 

& S. 

SNN 
\, R.N. \ \ \ \ 

: D 
O 

N 

3 N 

g 

N 

  

  

  
  



Patent Application Publication Mar. 23, 2006 Sheet 3 of 10 US 2006/0063574 A1 

s 

  



Patent Application Publication Mar. 23, 2006 Sheet 4 of 10 US 2006/0063574 A1 

: 

O 
V 
ve 

  



Patent Application Publication Mar. 23, 2006 Sheet 5 of 10 US 2006/0063574 A1 

O - CAMERA POSITION 

F-FOCAL LENGTH 
C - CENTER OF IMAGE PLANE 
X,Y,Z - CAMERA COORDINATES 

- IMAGE PLANE 

Z 

FIG. 6a 

  

  

  

  



US 2006/0063574 A1 Patent Application Publication Mar. 23, 2006 Sheet 6 of 10 

C19 "SO|- 

  



Patent Application Publication Mar. 23, 2006 Sheet 7 of 10 US 2006/0063574 A1 

  



Patent Application Publication Mar. 23, 2006 Sheet 8 of 10 US 2006/0063574 A1 

POWER 300 
ON 

(...) FIG. 8 400 
MAN 
MENU 304 408 

SELECT SOURCE INTERNAL 

SPORT SYSTEM 
MENU UTILS 

MENU 
410 

406 
SELECT PLAY 

TRAIN PRACTICE 
PLAY 450 

308 
440 442 

TRAINING PRACTICE GAME 
310 MENU MENU M MENU 

314 320 
SELECT TRAININGLESSON). SELECT PRACTICE EXERCISE SELECT GAME 

SETUPIPREFERS 452 / SETUPIPREFERS 
STATSMENU STATS MENU 322 

344 

316 CEDITSETUPIPREFERSISTATS) CEDITSETUPIPREFERSISTATS 
START START START 
LESSON PRACTICE GAME 
SCREEN SCREEN SCREEN 

START LESSON START PRACTICE START GAME 

LESSON EXERCISE COURSE 
N N N 

LESSON EXERCISE COURSE 
B B B 

LESSON EXERCISE 
A A 

312 3.18 324 
  

    

    

    

  

  



Patent Application Publication Mar. 23, 2006 Sheet 9 of 10 US 2006/0063574 A1 

500 
PROJECT 3-D 
SPORTS SCENE 

5O2 
CAPTURE BACKGROUND 

IMAGE 

504 
SCAN PROJECTILE 
TRACKING REGION 

506 
PROMPT PROJECTILE 

LAUNCH 

508 
DETECT PROJECTILE AND 

CAPTURE IMAGES 

510 
DETECT CENTER OF MASS 

AND COORDINATES 

FIG. 9 

  

  

  



Patent Application Publication Mar. 23, 2006 Sheet 10 of 10 US 2006/0063574 A1 

520 
CALCULATE POSITION OF 
CENTER OF MASS IN 3-D 

SPACE IN EACH IMAGE SET 

522 
CALCULATE VELOCITY OF 

PROJECTILE OVER 
MULTIPLE IMAGE FRAMES 

524 
DETERMINE PROJECTILE 
LAUNCHING SPEED, ANGLE 

AND SPIN 

526 

EXTRAPOLATE PROJECTLE 
TRAJECTORY 

528 
DETERMINE SPORTS 

RESULT 

530 

UPDATE DISPLAY 

FIG. 10 

  

  



US 2006/0063574 A1 

SPORTS SIMULATION SYSTEM 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 10/629,945 filed on Jul. 30, 2003 
for an invention entitled “Sports Simulation System”, the 
content of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to enter 
tainment Systems and in particular to a Sports simulation 
System. 

BACKGROUND OF THE INVENTION 

0.003 Sports simulation systems designed to simulate 
Sports experiences are well known in the art. In many 
conventional Sports Simulation Systems, a player propels a 
Sports projectile Such as a ball, puck, arrow, dart, etc. at a 
target image presented on a display Screen. The motion of 
the Sports projectile is detected and imaged and an extrapo 
lation of the trajectory of the Sports projectile is made. The 
extrapolated trajectory is then used to determine a Sports 
result. The displayed image is in turn updated to reflect the 
sports result thereby to provide the player with visual 
feedback and Simulate a Sports experience. 
0004. The goal of all sports simulation systems is to 
provide the player with a realistic Sports experience. As a 
result, many variations of sports simulation systems have 
been considered in attempts to Simulate accurately “real 
life” sports experiences. For example, U.S. Pat. No. 5,333, 
874 to Arnold et al. discloses a Sports Simulator having a 
housing and two arrays of infrared (IR) receivers and 
emitters positioned in the housing. A launch area is estab 
lished near one end of the housing. A user can launch an 
object Such as a golf ball located in the launch area and drive 
the golf ball into the housing through the planes defined by 
the arrays of IR emitters and against a Screen positioned at 
one end of the housing. A computer is connected to the IR 
receivers, which detect the passage of the object through the 
respective planes. Based upon the Signals from the IR 
receivers, the computer uses triangulation techniques to 
determine the horizontal and vertical position, as well as the 
Velocity of the golf ball. The computer can also determine 
the Spin of the golf ball and cause an image of the golf ball 
as it would have appeared traveling away from the golfer 
had it not encountered the Screen to be displayed on the 
SCCC. 

0005 U.S. Pat. No. 5,443.260 to Stewart et al. discloses 
a baseball training and amusement apparatus that detects the 
Speed and projected flight of a batted baseball. The apparatus 
includes a ball delivery device, a pair of detection planes, a 
computer and a video and Simulation monitor. The detection 
planes are parallel to one another and are spaced apart by a 
distance Such that a batted ball passing through the detection 
planes would be a fair ball in a real baseball game. Each 
detection plane includes a rigid frame that Supports a pair of 
optical Scanners and a pair of light Sources. The optical 
Scanners and light Sources are positioned at opposite top 
corners of the rigid frame and are aimed downwardly into 
the region encompassed by the frame. 
0006 During use, the ball delivery apparatus delivers a 
baseball towards a player positioned in front of the detection 
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planes. When the player strikes the baseball with a bat and 
the baseball travels through the detection planes, the optical 
Scanners capture images of the baseball. The images are 
processed to determine the coordinates of the baseball as it 
passes through each of the detection planes as well as the 
velocity of the baseball. A simulated trajectory of the base 
ball is then calculated using the determined coordinate and 
Velocity information. The Simulated trajectory information 
is used to update the graphical imageS presented on the 
monitor so that the simulated flight of the batted baseball is 
displayed to the player thereby to Simulate a batting expe 
rience. 

0007 U.S. Pat. No. 5,649,706 to Treat, Jr. et al. discloses 
a hunting simulator for in-flight detection of a launched 
missile Such as an arrow. The hunting Simulator includes a 
Screen and a projector for projecting a moving target on the 
Screen. Electromagnetic radiation emitters are positioned in 
front of the Screen adjacent its opposite top corners and 
illuminate a plane in front of the Screen. Sensors are also 
positioned adjacent the opposite top corners of the Screen 
and are responsive to the electromagnetic radiation emitters. 
Retroreflective tape extends along opposite Sides of the 
plane. 

0008. During use, when an arrow is launched at the 
Screen and passes through the plane, the Sensors detect the 
presence of the arrow and generate output. The output of the 
Sensors is used to determine the coordinates of the arrow as 
well as the velocity of the arrow. A simulated trajectory of 
the arrow is then calculated and the graphical images 
presented on the Screen are updated accordingly to reflect 
the flight of the launched arrow. In this manner, a hunting 
experience is simulated. 

0009 U.S. Pat. No. 5,768,151 to Lowy et al. discloses a 
System for determining the trajectory of an object in a Sports 
Simulator. The System includes a baseball throwing device to 
deliver a baseball towards a player area. A projector adjacent 
the player area presents images on a display Screen that is 
positioned near the ball throwing device and in front of a 
batter. Video cameras are positioned in front of and on 
opposite sides of the anticipated trajectory of a hit baseball. 

0010. During use when a baseball delivered by the ball 
throwing device is hit by the batter and passes through the 
fields of the view of the Video cameras, images of the 
baseball are captured and a streak Showing the path of the 
baseball through the fields of view is determined. The streak 
is used to simulate the flight of the baseball and to update the 
image presented on the display Screen thereby to Simulate a 
batting experience. 

0011 Although the above references show sports simu 
lation Systems that capture images of launched projectiles 
and use the image data to Simulate the flights of the launched 
projectiles, these sports simulation Systems fail to provide 
“true to life' Sports experiences as a result of the mecha 
nisms used to track the path of the launched projectiles. AS 
will be appreciated, improved Sports Simulation Systems that 
provide better and more realistic Sports experiences are 
desired. 

0012. It is therefore an object of the present invention to 
provide a novel Sports Simulation System and a novel 
projectile tracking apparatus. 
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SUMMARY OF THE INVENTION 

0013. Accordingly in one aspect there is provided a 
Sports Simulation System comprising: 
0.014) a projectile tracking apparatus including a display 
Surface on which a visually apparent three-dimensional 
Sports Scene is presented, and at least one pair of camera 
devices capturing images of a projectile tracking region 
disposed in front of Said display Surface to detect a launched 
projectile traveling through Said projectile tracking region 
towards Said display Surface, each camera device including 
processing capabilities processing captured images to detect 
the presence of a launched projectile therein; and 
0.015 at least one processing Stage receiving data from 
the camera devices relating to images in which a launched 
projectile exists and determining the three-dimensional posi 
tions, Velocity, acceleration and Spin of a detected projectile 
traveling through Said projectile tracking region, the three 
dimensional positions, Velocity, acceleration and Spin being 
used by Said at least one processing Stage to calculate a 
trajectory of Said launched projectile into Said Visually 
apparent three-dimensional Sports Scene. 
0016. In one embodiment, the at least one processing 
Stage uses the calculated trajectory to generate updated 
image data including a simulation of the launched projectile 
into the Visually apparent three-dimensional Sports Scene 
following the calculated trajectory. A projection device is 
coupled to the at least one processing stage. The projection 
device receives image data from the at least one processing 
Stage and presents the Visually apparent three-dimensional 
Sports Scene including the Simulation on the display Surface. 
The Visually apparent three-dimensional Scene may include 
at least one foreground action element overlying and move 
able over a background image. The at least one processing 
Stage updates the image data So that the at least one 
foreground action element responds to the Simulation of the 
launch projectile. 
0.017. In one embodiment, the projectile tracking appa 
ratus includes a frame and at least one pair of camera devices 
mounted on the frame adjacent opposite top corners thereof. 
The camera devices have overlapping fields of View looking 
downwardly, acroSS and in front of the display Surface and 
capture images of the projectile tracking region. Each cam 
era device examines captured images to detect pixel clusters 
resembling a projectile characteristic Signature thereby to 
detect the projectile in the captured images. The three 
dimensional Sports Scene is developed from ground level 
and overhead images of a real life sports environment. The 
overhead images include at least one of Satellite and aerial 
photographs. 
0.018. According to another aspect there is provided a 
Sports Simulation System comprising: 
0.019 a projectile tracking apparatus including a frame 
encompassing a display Surface on which a video Sequence 
portraying a visually apparent three-dimensional Sports 
Scene is presented; at least one pair of digital camera devices 
mounted on Said frame and having fields of View looking 
acroSS and in front of Said display Surface that overlap in a 
generally perpendicular fashion and encompassing a projec 
tile tracking region, each of Said digital camera devices 
including a first processor for processing image data and 
generating two-dimensional projectile coordinates when a 
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projectile travels through Said projectile tracking region and 
is captured in images acquired by Said digital camera 
devices, and an audio System to broadcast audio accompa 
nying Said Video Sequence; 

0020 a host processor communicating with said digital 
camera devices and Said audio System, Said host processor 
calculating a three-dimensional trajectory of Said projectile 
using the two-dimensional projectile coordinates received 
from each first processor and outputting image data includ 
ing Said calculated three-dimensional trajectory; and 
0021 a display unit receiving said image data and pre 
Senting Said video Sequence including a simulation of Said 
calculated trajectory on Said display Surface. 
0022. According to yet another aspect there is provided a 
Sports Simulation System comprising: 

0023 at least one pair of digital camera devices having 
overlapping fields of View looking acroSS and in front of a 
display Surface; 

0024 at least one processing Stage processing image data 
from the camera devices relating to images in which a 
launched projectile exists and determining the three-dimen 
Sional positions, Velocity, acceleration and Spin of a detected 
projectile traveling through Said overlapping fields of view, 
the three-dimensional positions, Velocity, acceleration and 
Spin being used by Said at least one processing Stage to 
calculate a trajectory of Said launched projectile into a 
Visually apparent three-dimensional Sports Scene projected 
onto Said display Surface; and 

0025 a projection unit presenting said three-dimensional 
Sport Scene on Said display Surface including a simulation of 
Said projectile following Said calculated trajectory, Said 
three-dimensional Sports Scene including image frames 
developed from a three-dimensional terrain model generated 
from images of a real life Sports environment. 

0026. The sports simulation system provides advantages 
in that Since the positions, Velocity, acceleration and Spin of 
the launched projectile are determined generally continu 
ously as the launched projectile moves through the fields of 
view of the camera devices, the flight of the launched 
projectile can be Simulated more accurately. This of course 
results in a more realistic Sports experience. The Sports 
Simulation System also provides advantages in that Virtually 
any type of projectile may be tracked avoiding the need for 
a specialized projectile. In addition, the projectile may be 
launched at the projectile tracking apparatus from a variety 
of positions providing greater flexibility and enhancing the 
Sports experience. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. An embodiment will now be described more fully 
with reference to the accompanying drawings in which: 

0028 FIG. 1 is a perspective of a sports simulation 
System in accordance with the present invention; 

0029 FIG. 2 is a side elevation view of the sports 
simulation system of FIG. 1; 

0030 FIG. 3 is a top plan view of the sports simulation 
system of FIG. 1; 
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0.031 FIG. 4 is a front elevation view of a projectile 
tracking apparatus forming part of the Sports simulation 
system of FIG. 1; 
0.032 FIG. 5 is an enlarged front elevation view, partly in 
Section, of a portion of the projectile tracking apparatus of 
FIG. 4 showing a digital camera; 

0.033 FIG. 6aa shows a camera coordinate system used 
for perspective calculation; 
0034 FIG. 6b shows a golf course coordinate system and 
equations used to map objects on the golf course to a 
two-dimensional image; 
0035 FIG. 7 is a checkerboard pattern used during 
digital camera calibration showing how Stereoscopic vision 
is established to provide accurate tracking of a projectile in 
three-dimensional Space; and 
0036 FIGS. 8 to 10 are flowcharts showing steps per 
formed during player interaction with the Sports simulation 
system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0037 Turning now to FIG. 1, a sports simulation system 
is shown and is generally identified by reference numeral 
100. As can be seen, sports simulation system 100 includes 
a projectile tracking apparatuS 102 disposed in front of a 
player area A in which a player P stands. A host computer 
104 is coupled to the projectile tracking apparatus 102 via a 
high-Speed Serial data link and to a ceiling mounted front 
Video projector 106 that is aimed at the projectile tracking 
apparatus 102. The computer 104 outputs video image data 
to the projector 106, which in turn projects a video Sequence 
on the projectile tracking apparatuS 102. The Video Sequence 
portrays a visually apparent three-dimensional Sports Scene 
including a target T at which a projectile is to be launched. 
In this embodiment, the sports simulation system 100 simu 
lates golf and thus, the three-dimensional Sports Scene is golf 
related and includes an image of a golf course hole, practice 
range etc. The projectile to be launched at the projectile 
tracking apparatus of course is a golf ball GB. 
0.038. The projectile tracking apparatus 102 outputs two 
dimensional projectile position data to the computer 104 
when the launched golf ball GB travels through a projectile 
tracking region monitored by the projectile tracking appa 
ratus. The computer 104 in turn processes the two-dimen 
Sional projectile position data to determine the three-dimen 
Sional positions, launch Velocity, acceleration and Spin of the 
golf ball so that the trajectory of the golf ball can be 
calculated. The calculated trajectory is then used to deter 
mine a Sports result and to update the image data conveyed 
to the projector 106 So that the presented Video Sequence 
shows a simulation of the golf ball travel into the visually 
apparent three-dimensional Scene as well as the determined 
Sports result. As a result, the projectile tracking apparatus 
102, the computer 104 and the projector 106 form a closed 
loop in response to a launched golf ball. Further specifics of 
the sports simulation system 100 will now be described with 
reference to FIGS. 1 to 10. 

0039 FIGS. 2 to 5 better illustrate the projectile tracking 
apparatus 102. AS can be seen, the projectile tracking 
apparatus 102 includes an upright, inverted U-shaped frame 
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110 having a pair of side posts 112 and a crossbar 114 
extending between the upper ends of the posts 112. A Screen 
122 is supported by the frame 110. In this embodiment, the 
Screen 122 has a 4:3 aspect ratio making it particularly Suited 
for displaying conventional television images. Those of Skill 
in the art will however, appreciate that other image formats 
can be used. The screen 122 is loosely fastened to the back 
of the frame 110 at spaced locations. 
0040. The screen 122 includes multiple layers and is 
designed to reduce projectile bounce as well as enhance 
protection behind the screen. The first or front layer of the 
Screen 122 is formed of highly reflective nylon having Some 
elasticity to resist permanent Stretching/pocketing and abra 
Sion. As a result, the front layer provides an excellent display 
surface 124 on which images projected by the projector 106 
are presented. The Second or intermediate layer of the Screen 
122 is formed of Soft and thick material and is designed to 
absorb projectile energy with reduced elastic effect thereby 
to inhibit Stretching and or damage to the front layer. The 
third or back layer of the screen 122 is formed of a tough 
heavy canvas to which the intermediate layer can transfer 
energy. The back layer also inhibits exceSS deformation of 
the intermediate layer when contacted by a launched pro 
jectile. As a result, if the projectile tracking apparatuS 102 is 
placed adjacent a wall Surface or the like, the back layer 
protects the Surface behind the Screen 122 from projectile 
Strike thereby to inhibit damage to the Surface and/or Sig 
nificant projectile rebound. If a Space is provided behind the 
projectile tracking apparatus 102, the back layer provides 
ample protection for the Space. 
0041 A pair of high speed digital cameras 128 is accom 
modated within the frame 110 with each camera being 
positioned adjacent a different top corner of the frame. Thus, 
the cameras 128 are positioned in front of the player and to 
the left Side and right Side of the anticipated projectile path. 
The cameras 128 are also angled to point downwardly and 
towards the player position so that the fields of view of the 
cameras are generally perpendicular and overlap in a region 
extending from the projectile launch point to the Screen 122. 
In this manner, the path of the projectile can be tracked from 
its launch point until it impacts the Screen and then as it 
rebounds from the Screen 122. 

0042. In this embodiment, each digital camera 128 has at 
least a 640 by 480 pixel array and includes built-in process 
ing capabilities comprising field programmable gate arrayS, 
a high performance 32-bit microprocessor and high Speed 
memory. The distributed processing capabilities achieved by 
using the cameras 128 and the personal computer 104 allow 
the cameras to be operated at very high frame rates thereby 
allowing multiple images of a fast moving projectile to be 
captured as it travels through the projectile tracking region 
120. This is due to the fact that the cameras 128 need only 
Send data to the personal computer 104 relating to images in 
which projectile motion has been detected allowing high 
Speed projectiles to be tracked without excessive bandwidth 
between the personal computer 104 and the cameras 128 
being needed. For example, in the case of a projectile 
travelling through the projectile tracking region 120 at a 
speed of 200 miles per hour, the frame rates of the digital 
cameras 128 are Selected Such that at least four images of the 
projectile are captured by each digital camera 128. The 
Viewing angles of the digital cameras 128 and the dimen 
sions of the frame 110 are selected to provide the digital 
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cameras 128 with a resolving accuracy of approximately 1 
mm per pixel. As a result, a Small projectile Such as a golf 
ball will activate approximately 12 pixels per image. This 
resolving accuracy enables even Small, very fast moving 
launched projectiles to be readily determined in captured 
images and as a result, reduces false projectile detection. 
0043 Infrared (IR) light emitting diode (LED) arrays (not 
shown) are also positioned within the posts 112 beside the 
digital cameras 128. The illumination axes of the IR LED 
arrays are generally coincident with the optical axes OA of 
the cameras. Each IR LED array emits IR radiation that is 
directed into the projectile tracking region 120. AS the 
cameras 128 are responsive to both visible and infrared light, 
providing the background IR illumination allows the pro 
jectile tracking apparatus 102 to work well in a variety of 
ambient lighting conditions. In Situations where a Small fast 
moving projectile is launched, the IR illumination allows for 
detection of the projectile without interfering with the visual 
quality of the displayed image presented on the Screen 122. 
0044 Audio speakers 140 are provided on the posts 112 
and are aimed forwardly toward the player area A. The audio 
speakers 140 are driven by an audio amplifier (not shown) 
accommodated within the frame 110. The audio amplifier 
receives audio input from the computer 104 during play that 
is conveyed to the audio speakers 140 for broadcast thereby 
to enhance the Sports experience. 
004.5 The projector 106 preferably has a resolution of at 
least 800x600, at least 1200 ANSI Lumens brightness, a 
Short throw lens, Vertical keystone correction, and the 
capacity to accept digital RGB computer Video signals, and 
NTSC/PAL baseband television video signals. Projectors 
having this set of features include the Epson Powerlite 820P, 
the Toshiba TDP-DI-US, the InFocus LP650 and the Sanyo 
XP30 for example. 
0046) The computer 104 is preferably an IBM compatible 
personal computer including an Intel Pentium(E) processor, at 
least 128 MB SDRAM, a high-speed hard drive, and a DVD 
player. The computer 104 also includes a display adapter 
assembly including a reconfigurable 32-bit video memory 
buffer partitioned into three separate buffers. One of the 
bufferS is used to Store primary foreground image data 
representing one or more independent foreground action 
elements if appropriate for the Sports Scene being displayed. 
A Second of the bufferS is used to Store background image 
data and the third buffer is used to Store projectile trajectory 
image data. The display adapter assembly treats the fore 
ground action, background and projectile trajectory image 
data as overlay image planes that are combined Seamlessly 
to generate the Video image data that is output to the 
projector 106. The overlay image planes are non-destructive 
So that when a foreground action element and/or projectile 
moves over an underlying image plane it is not necessary to 
redraw the underlying image plane. To reduce peak proceSS 
ing requirements, the computer 104 updates the background 
image data less frequently than the foreground image data. 
The computer 104 provides the output video image data to 
the projector 106 on a video output channel. The computer 
104 receives external video feeds on a television/satellite/ 
cable input channel, a Video game input channel and an 
Internet input channel. 
0047 The computer 104 is mounted within a protective 
enclosure (not shown) having external connectors to enable 
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the computer to be coupled to the projector 106, the audio 
amplifier and the digital cameras 130. The enclosure also 
includes external connectors to allow the computer 104 to 
receive the television/satellite/cable, external Video game 
and Internet feeds. Input controls are also provided on the 
enclosure to allow a player to interact with the computer 
104. 

0048. A high speed digital serial interface such as 
IEEE1394 is used between the computer and the cameras 
128. Using this Standard interface provides a low cost, high 
performance Solution while avoiding use of expensive ana 
log frame grabbers. The interface also simplifies wiring as 
the cameras 128 can be daisy-chained without loSS of Signal 
integrity. 

0049. The computer 104 executes sports simulation soft 
ware stored in the SDRAM. In this example, the sports 
Simulation Software includes a golf Simulation module that 
requires a player to hit the golf ball GB at the projectile 
tracking apparatus 102 in response to the Video Sequence 
displayed on the Screen 122. 
0050. To provide a realistic playing experience, a high 
resolution elevation map of the golf course terrain is used. 
The course terrain elevation map is constructed from a 
combination of two-dimensional images that include over 
head Satellite and/or aerial photographs used in conjunction 
with digital photographs taken from ground level. Using 
photogrammetry techniques, these orthogonal views are 
combined together. Using common points in the images i.e. 
edges of Sand hazards, trees etc., a three-dimensional model 
is Synthesized without requiring reference targets to be 
applied to the terrain of interest. 
0051 During mapping of the golf course to two-dimen 
Sional images a pinhole model for the digital cameras 128 is 
used, wherein a point p in the real world is mapped to point 
p' in the plane of the two-dimensional image. FIG. 6a shows 
the camera coordinate System used for perspective calcula 
tion and FIG. 6b shows the golf course coordinate system 
and the equations to map objects on the golf course into a 
two-dimensional image. This enables a visually realistic 
trajectory of a golf ball along a golf course to be presented. 
0052 The digital cameras 128 are self-calibrating using a 
checkerboard pattern as shown in FIG. 7. The checkerboard 
pattern is moved in a random pattern in the field of View of 
the camera being calibrated and then placed in the Overlap 
ping area of the two cameras. No additional camera external 
to the cameras that are being calibrated is required. The 
checkerboard pattern allows for the intrinsic and extrinsic 
parameters for the camera model to be calculated thereby to 
establish StereoVision and permit accurate tracking of the 
projectile in three-dimensional Space. The intrinsic camera 
parameters are those that Specify the camera characteristics 
including the focal length, the location of the image center 
in pixel coordinates, the effective pixel size, and the radial 
distortion coefficient of the lens. The extrinsic camera 
parameters describe the Spatial relationship between the 
camera and the projectile tracking apparatus 102 and include 
the rotation matrix and translation vector Specifying the 
transformation between the camera reference frame and the 
reference frame of the projectile tracking apparatus. 

0053. The relationship between a three-dimensional point 
M and its image projection m is given by the formula 
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m=ARtM, where A is the camera intrinsic matrix and (R,t) 
are extrinsic parameters, the rotation matrix R and transla 
tion vector t that relates the projectile tracking apparatus 
coordinate System to the camera coordinate System. 
0.054 Camera lens distortion is modeled using four dis 
tortion parameters, two of which are radial and two of which 
are tangential. These distortion parameters are represented 
in the equations below by k1 and k2 for the radial distortion 
and p1 and p2 for the tangential distortion. 
0055. In the following equations (x, y) are ideal (distor 
tion-free) and (x, y) are real (distorted) image physical 
coordinates: 

where: 

0056. After the cameras 128 have been properly cali 
brated, the intrinsic and extrinsic parameter matrices are 
known and the three-dimensional point transformation can 
be calculated by finding the intersection of the two lines that 
result from the transformation of the two-dimensional point 
found in each camera 128 into three-dimensional Space. 
0057 During execution of the golf simulation module, 
golf is simulated providing the player with a realistic Sports 
experience. Skill levels, player preferences and Statistics to 
be monitored can be set by the player prior to game play. The 
player can Select whether to play against the computer 104, 
against another player or against an on-line player over an 
Internet connection. During execution of the practice rou 
tine, practice exercises are simulated. Again, skill levels, 
player preferences and Statistics to be monitored can be Set 
by the player prior to game practice. During execution of the 
training routine, training Sessions are simulated. 
0.058. The initialization and operation of the sports simu 
lation system 100 will now be described with particular 
reference to FIGS. 8 to 10. When the sports simulation 
system 100 is powered (step 300), the computer 104 per 
forms a Series of Software diagnostics to Set the environment 
and ensure that the projector 106, the digital cameras 128 
and the audio amplifier are functioning properly (Step 302). 
A main menu 400 is then presented on the display of the 
computer 104 that allows the player to select an input video 
Source (step 304). Specifically, the main menu includes a 
television/satellite/cable option 402, an external Video game 
option 404, a sports menu option 406, an Internet option 408 
and a system utilities option 410. When one of options 402, 
404 and 408 is selected, the appropriate incoming video feed 
received by the computer 104 is used to generate the video 
image data that is output to the projector 106 for display on 
the screen 122. 

0059. The computer 104 then presents a golf menu listing 
available operation modes (step 308). The available modes 
of operation include a training mode, a practice mode and a 
play game mode. The computer 104 also downloads the 
characteristic projectile Signature to the on-board processors 
of the digital cameras 128. 
0060. When the training mode is selected, the computer 
104 executes the training routine. During execution of the 
training routine, a training menu 440 is presented to the 
player allowing the player to select a training lesson (Step 
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310). The training lessons cover various elements of golf 
and include Video clips that provide tips from professional 
golfers. Once the training lesson has been Selected, the 
training lesson is commenced (step 312). 
0061. When the practice mode is selected, the computer 
104 executes the practice routine. During execution of the 
practice routine, a practice menu 442 is presented to the 
player allowing the player to Select a practice Session (Step 
314). The practice Sessions include skills oriented practice 
exercises associated golf. Once the practice Session is 
Selected a Setup menu 444 is presented to the player that 
provides the player with the ability to set the skill level, 
preferences and the Statistics to be maintained during prac 
tice (Step 316). Once the practice Session Setup has been 
completed, the Selected practice Session is commenced (Step 
318). 
0062) When the play game mode is selected, the com 
puter 104 executes the play game routine. During execution 
of the play game routine, a game menu 450 is presented to 
the player allowing the player to Select a game Session (Step 
320). The game menu 450 presents a list of different golf 
courses that can be played. Once the game Session is 
Selected a Setup menu 452 is presented to the player that 
provides the player with the ability to set the skill level, 
preferences and the Statistics to be maintained during game 
play (Step 322). Once the game Session setup has been 
completed, the Selected game is commenced (step 324). 
0063. During training, practice or game play, the com 
puter 104 outputs video image data to the projector 106 
causing the projector 106 to project a video Sequence 
portraying a visually apparent three-dimensional Sports 
Scene on the display Surface 124 that includes a target at 
which the projectile is to be launched (step 500). The 
computer 104 also conditions the digital cameras 128 to 
capture a background image of the projectile tracking region 
120 devoid of a projectile (step 502) and then scan the 
projectile tracking region to look for the presence of a 
launched projectile at a very high frame rate in the order of 
360 Hz (step 504). The player is then prompted to launch the 
golf ball GB at the screen 122 (step 506). 
0064. At this stage, the cameras 128 continually capture 
and process images to detect existence of a projectile. When 
the player launches the projectile at the projectile tracking 
apparatus 102 and the projectile enters the projectile track 
ing region 120, the projectile appears in the images captured 
by the digital cameras 128. Thus, the digital cameras 128 
Synchronously capture a Series of images of the projectile as 
it travels through the projectile tracking region 120 (Step 
508). As the images are captured, the on-board processors of 
the digital cameras 128, which execute a motion detection 
algorithm, determine if a projectile exists in the images and 
if So, whether the projectile Satisfies Specified motion detec 
tion parameters defining a projectile characteristic Signature. 
The projectile characteristic Signature is used to ensure the 
detected projectile has characteristics matching the projec 
tile in question, in this case, a struck golf ball. The projectile 
can therefore be distinguished from other objects captured in 
the imageS Such as for example, a golf club head. In this 
example, the projectile characteristic Signature Specifies 
allowable projectile size, shape, reflectivity and Speed. 
0065. If the detected projectile satisfies the characteristic 
Signature, the images are further processed to determine the 
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center of mass of the projectile in each image and its position 
in rectangular coordinates. As a result, a Series of two 
dimensional rectangular coordinates representing the two 
dimensional positions of the projectile as it travels through 
the projectile tracking region 120 relative to each digital 
camera 128 is generated. 
0.066 The two-dimensional rectangular coordinates gen 
erated by the cameras 128 are in turn conveyed to the 
computer 104. Upon receipt of the rectangular coordinates, 
the computer 104 calculates the positions of the projectile's 
center of mass in three-dimensional Space throughout its 
travel through the projectile tracking region 120 including 
its collision and rebound with the Screen 122 using trian 
gulation techniques (step 520). With the position of the 
projectile in three-dimensional Space known during its travel 
through the projectile tracking region 120 and knowing the 
frame rates of the digital cameras 128, the computer 104 
calculates the launch Velocity of the projectile and the 
Velocity of the projectile over each image frame (step 522). 
The computer 104 then compares each calculated velocity 
with the previously calculated velocity to determine the 
acceleration of the projectile (step 524). The computer 104 
also calculates the Spin of the projectile based on its impact 
and rebound angles with and from the Screen 122. 
0067. With the three-dimensional positions, launch 
Velocity, acceleration and Spin of the projectile known, the 
computer 104 extrapolates an accurate trajectory for the 
projectile allowing a realistic Simulation of curved and/or 
arcing projectiles to be generated (step 526). The computed 
projectile trajectory is then used to determine a Sports result 
by computing the interSection of the calculated projectile 
trajectory with the displayed video image (step 528). With 
the projectile trajectory computed and the Sports result 
determined, the computer 104 updates the image data that is 
conveyed to the projector 106 so that the video sequence 
displayed on the display Surface 124 of the screen 122 shows 
the Simulated flight of the projectile and the Sports result 
(step 530). 
0068. During video sequence display, when a simulation 
of the projectile flight is shown a graphical duplicate of the 
projectile is projected onto the display Surface 124 of the 
Screen 122 that begins its flight from the impact point of the 
projectile with the Screen 122. In this manner, the projectile 
appears to continue its trajectory into the Video Scene 
thereby to achieve a realistic video effect. The three-dimen 
Sional Scene is then updated in accordance with the Sports 
result, allowing game play or practice to continue. 
0069. If desired, the computer 104 may store a sports 
rules reference library and/or a Statistics library associated 
with each of the Sports modules. In this case, the libraries are 
accessible during game play through pop-up menus pre 
sented on the display surface 124 to provide the player with 
relevant Sports related data. 
0070 Although the sports simulation system 100 has 
been described as including a ceiling mounted front projec 
tor 106 in combination with a screen 122, those of skill in 
the art will appreciate that alternative projection devices 
may be used. For exarnple, a rear Video projector may be 
used to project images onto the rear Surface of the display 
Screen 122. 

0071 Those of skill in the art will appreciate that the 
projectile tracking apparatus 102 may include additional 
cameras at different locations to View the projectile tracking 
region and detect the existence of a launched projectile. 
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Those of skill in the art will also appreciate that the number 
of processing Stages may be increased or decreased as 
desired to handle processing of the digital camera image 
data effectively in real-time and provide a realistic projectile 
Simulation. 

0072 While the projectile tracking apparatus is described 
as Simulating golf, it will be appreciated that the projectile 
tracking apparatus may be used to Simulate other Sports 
where a projectile is launched. In Such cases, the projectile 
characteristic Signatures are updated to enable launched 
projectiles to be accurately tracked. 
0073 Although a preferred embodiment of the present 
invention has been described, those of skill in the art will 
appreciate that variations and modifications may be made 
without departing from the Spirit and Scope thereof as 
defined by the appended claims. 

What is claimed is: 
1. A Sports Simulation System comprising: 
a projectile tracking apparatus including a display Surface 

on which a visually apparent three-dimensional Sports 
Scene is presented, and at least one pair of camera 
devices capturing images of a projectile tracking region 
disposed in front of Said display Surface to detect a 
launched projectile traveling through Said projectile 
tracking region towards Said display Surface, each 
camera device including processing capabilities pro 
cessing captured images to detect the presence of a 
launched projectile therein; and 

at least one processing Stage receiving data from the 
camera devices relating to images in which a launched 
projectile exists and determining the three-dimensional 
positions, Velocity, deceleration/acceleration and Spin 
of a detected projectile traveling through Said projectile 
tracking region, the three-dimensional positions, Veloc 
ity, acceleration and Spin being used by Said at least one 
processing Stage to calculate a trajectory of Said 
launched projectile into Said Visually apparent three 
dimensional Sports Scene. 

2. A Sports Simulation System according to claim 1 
wherein Said at least one processing Stage uses Said calcu 
lated trajectory to generate updated image data including a 
Simulation of Said launched projectile into Said visually 
apparent three-dimensional Sports Scene following Said cal 
culated trajectory. 

3. A Sports Simulation System according to claim 2 further 
comprising a projection device coupled to Said at least one 
processing Stage, Said projection device receiving image 
data from Said at least one processing Stage and presenting 
Said Visually apparent three-dimensional Sports Scene 
including Said Simulation on Said display Surface. 

4. A Sports Simulation System according to claim 3 
wherein Said Visually apparent three-dimensional Scene 
includes at least one foreground action element overlying 
and moveable over a background image, Said at least one 
processing Stage updating Said image data So that Said at 
least one foreground action element responds to the Simu 
lation of Said launched projectile. 

5. A Sports Simulation System according to claim 3 
wherein Said projectile tracking apparatus includes a frame 
and at least one pair of camera devices mounted on Said 
frame adjacent opposite top corners thereof, said camera 
devices having overlapping fields of View looking down 
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Wardly, acroSS and in front of Said display Surface and 
capturing images of Said projectile tracking region. 

6. A Sports Simulation System according to claim 5 
wherein Said camera devices have generally perpendicular 
fields of view looking downwardly, acroSS and in front of 
Said display Surface from adjacent opposite top corners of 
Said frame. 

7. A Sports simulation System according to claim 3 
wherein each camera device examines captured images to 
detect pixel clusters resembling a projectile characteristic 
Signature thereby to detect Said projectile in Said captured 
images. 

8. A Sports simulation System according to claim 7 
wherein Said projectile characteristic Signature defines one 
or more of projectile size, shape, reflectivity and Speed. 

9. A Sports Simulation System according to claim 3 further 
including an audio System to broadcast audio accompanying 
Said Visually apparent three-dimensional Sports Scene and 
Simulation. 

10. A Sports Simulation System according to claim 3 
wherein Said three-dimensional Sports Scene is developed 
from a combination of ground level and overhead images of 
a real life Sports environment. 

11. A Sports Simulation System according to claim 10 
wherein Said overhead images include at least one of Satel 
lite and aerial photographs. 

12. A Sports Simulation System according to claim 3 
wherein during processing, each camera device uses a 
projectile signature to distinguish a launched projectile from 
other objects in Said captured images. 

13. A Sports Simulation System according to claim 12 
wherein Said projectile characteristic Signature defines one 
or more of projectile size, shape, reflectivity and Speed. 

14. A Sports Simulation System comprising: 
a projectile tracking apparatus including a frame encom 

passing a display Surface on which a Video Sequence 
portraying a Visually apparent three-dimensional Sports 
Scene is presented; at least one pair of digital camera 
devices mounted on Said frame and having fields of 
View looking acroSS and in front of Said display Surface 
that overlap in a generally perpendicular fashion and 
encompassing a projectile tracking region, each of Said 
digital camera devices including a first processor for 
processing image data and generating two-dimensional 
projectile coordinates when a projectile travels through 
Said projectile tracking region and is captured in images 
acquired by Said digital camera devices, and an audio 
System to broadcast audio accompanying Said Video 
Sequence, 

a host processor communicating with Said digital camera 
devices and Said audio System, Said host processor 
calculating a three-dimensional trajectory of Said pro 
jectile using the two-dimensional projectile coordinates 
received from each first processor and outputting image 
data including Said calculated three-dimensional trajec 
tory, and 

a display unit receiving Said image data and presenting 
Said Video Sequence including a simulation of Said 
calculated trajectory on Said display Surface. 

15. A Sports Simulation System according to claim 14 
wherein Said visually apparent three-dimensional Scene 
includes at least one foreground action element overlying 
and moveable over a background image, Said host processor 
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updating Said image data So that Said at least one foreground 
action element responds to the calculated trajectory of Said 
projectile. 

16. A Sports Simulation System according to claim 14 
wherein Said host processor executes Sports Simulation Soft 
ware including at least two of a training mode, a practice 
mode and a game play mode, the Video Sequence being 
consistent with the Selected mode. 

17. A Sports Simulation System according to claim 14 
wherein each Said first processor examines captured images 
to detect pixel clusters resembling a projectile characteristic 
Signature thereby to detect Said projectile in Said captured 
images. 

18. A Sports Simulation System according to claim 17 
wherein Said projectile characteristic Signature defines one 
or more of projectile size, shape, reflectivity and Speed. 

19. A Sports Simulation System according to claim 17 
wherein Said frame encompasses a rectangular region and 
wherein Said digital camera devices are positioned at oppo 
Site top corners of Said frame. 

20. A Sports Simulation System according to claim 14 
wherein the background of Said Video Sequence is developed 
from a combination of ground level and overhead images of 
a real life Sports environment. 

21. A Sports Simulation System according to claim 20 
wherein Said overhead images include at least one of Satel 
lite and aerial photographs. 

22. A Sports Simulation System according to claim 14 
wherein during processing, each camera device uses a 
projectile Signature to distinguish a launched projectile from 
other objects in Said captured images. 

23. A Sports Simulation System according to claim 22 
wherein Said projectile characteristic Signature defines one 
or more of projectile size, shape, reflectivity and Speed. 

24. A Sports Simulation System comprising: 
at least one pair of digital camera devices having over 

lapping fields of View looking acroSS and in front of a 
display Surface; 

at least one processing stage processing image data from 
the camera devices relating to images in which a 
launched projectile exists and determining the three 
dimensional positions, Velocity, acceleration and Spin 
of a detected projectile traveling through Said overlap 
ping fields of View, the three-dimensional positions, 
Velocity, acceleration and Spin being used by Said at 
least one processing Stage to calculate a trajectory of 
Said launched projectile into a visually apparent three 
dimensional Sports Scene projected onto Said display 
Surface; and 

a projection unit presenting Said three-dimensional Sport 
Scene on Said display Surface including a simulation of 
Said projectile following Said calculated trajectory, Said 
three-dimensional Sports Scene including image frames 
developed from a three-dimensional terrain model gen 
erated from images of a real life sports environment. 

25. A Sports Simulation System according to claim 24 
wherein Said three-dimensional terrain model is generated 
from a combination of ground level and overhead images. 

26. A Sports Simulation System according to claim 25 
wherein Said overhead photographs include at least one of 
Satellite and aerial photographs. 


