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[0062]Image sensors 110 are mounted in such a way that each one of the image sensors 110 has a field of view 
which at least partially overlaps with the field of view of at least one other of the plurality of image sensors 110. 
These image sensors 110 are the visual tracking devices (VTDs) which monitor the position of entities 130 in the 
simulation arena 100. The image sensors 110 may be mounted in the periphery, or the interior, or both the 
periphery and interior, of a bounded volume of space to be monitored. 

[0063]FIG. 1 illustrates an exemplary embodiment only, in which only three image sensors 110 are in use. More 
or fewer image sensors 110 may be used, and the locations of the image sensors are not limited to the upper 
corners of an arena 100. 

[0064]The arena 100 is generally understood as the bounded volume of space wherein a simulation or gaming 
event may be conducted. The boundaries of the bounded volume of space may be defined by walls or other 
delimiters or markers, and substantially all or most of the bounded volume of space will be monitored by the 
plurality of image sensors 110. However, the arena 100 may also be understood to be defined topologically as the 
set of all points which are visible to two or more image sensors 110, since at least two image sensors 110 may be 
needed to identify the location of an entity 130 in the arena. 

[0066]FIG. 1 also shows how an exemplary coordinate system 105 may be imposed upon the arena 100 for the 
purpose of identifying the location of TPSs 103 and CPSs 120 (discussed further immediately below) within the 
arena. The locations of the image sensors 110 may also be identified in relation to this same coordinate system. A 
conventional Cartesian coordinate system 105 with three orthogonal coordinate axes (x, y, z) is illustrated, with its
origin at one corner of the arena; however, other coordinate systems may be used including, for example and 
without limitation, a spherical coordinate system or a cylindrical coordinate system.



[0076] FIG. 2 illustrates a system for calibrating the position of an image sensor. In an exemplary embodiment, 
the system requires: 
[0077] a defined arena coordinate system 105; 
[0078] the image sensor 110 itself, including in particular the image sensor imaging element or backplane 205; 
[0079] at least two CPSs 120 at known, fixed positions P1 and P2; 
[0080] a means 210, such as a PMD 210, for determining the angular orientation .theta. of the image sensor 205 in
relation to the arena coordinate system 105. 

[0081] By means of these elements, it is possible to determine the distances D1, D2 from image sensor 110 to the 
CPSs 120, as will be discussed further below. As also discussed further below, with D1 and D2 determined, it is 
possible to further determine the location P.sub.s(x.sub.s, y.sub.s) of image sensor 110. 

[0083] In an exemplary embodiment of the present invention, a first step in sensor position calibration entails 
determining the orientation of the image sensor. For example, the image sensor orientation may be measured 
using a positional measurement device (PMD). FIG. 2 illustrates an image sensor 110 with an associated PMD 
210. In an exemplary embodiment the PMD 210 may be comprised of a combination of accelerometers and 
gyroscopes (not shown) combined on a single platform. PMD 210 may also be composed only of one or more 
accelerometers, or one or more gyroscopes, or other means for determining the angular orientation of image 
sensor 110. 

[0084] The PMD 210 may be a separate unit, which is then attached to the image sensor 110 (for example, 
attached to the camera's base); or the PMD 210 may be integrated into image sensor 110.



[0095] (4) The angular separation .gamma. between the points P1 and P2, relative to the image sensor 110. In an 
exemplary embodiment of the present invention, an equivalent determination are the respective angles of incidence
.alpha., .beta. on a backplane 205 of image sensor 110 of rays of light D1, D2 from CPSs 120 located at respective 
points P1, P2. 

[0096] (5) The angular orientation .theta. of image sensor 110 relative to the arena coordinate system 105. This is 
determined by PMD 210 attached to image sensor 110.

{Detailed calculations are presented in the full patent application.}

[0091] In an exemplary embodiment of the present method, the location of image sensor 110 can be determined 
provided the following parameters are established or can be measured: 

[0092] (1) A coordinate system 105 for elements within the arena 100, which is hence known as the arena coordinate
system.

[0093] (2) The position of at least two known points P1 and P2 in the arena 100, with their position defined relative 
to the arena coordinate system 105, and wherein the two known points P1 and P2 are within the field of view of the 
image sensor 110. Various means for initially determining the locations of known points P1 and P2 have already 
been discussed above. 

[0094] (3) A means for the image sensor 110 to obtain an image of the two known points P1 and P2. As already 
discussed above, this may be accomplished by fixing CPSs 120 at points P1 and P2, or by other means. 



[0112] The position of the image sensor may be defined as P.sub.s(x.sub.s, y.sub.s, z.sub.s) which, in an exemplary
embodiment, may be the position of the focal point of the image sensor 110 image plane 205. Equations for the 
position of the image sensor may then be derived of the form: 

(x.sub.s-x1).sup.2+(y.sub.s-y1).sup.2+(z.sub.s-z1).sup.2=D1.sup.2
. . . 
(x.sub.s-xN).sup.2+(y.sub.s-yN).sup.2+(z.sub.s-zN).sup.2=(DN.sup.2

[0113] Each of these equations may be recognized as standard equations for spheres, wherein each sphere S1, . . . , 
SN is centered around a respective known point P1(x1, y1, z1), . . . , PN(xN, yN, zN); unknown point 
P.sub.s(x.sub.s, y.sub.s, z.sub.s), i.e., the unknown location of the image sensor 110v, is located somewhere on the 
surface of the sphere. This is illustrated in FIG. 4A, where the multiple image sensors 110v on the surface of 
sphere 405 are shown as partly transparent, indicating that they all represent "virtual" image sensors at potential 
locations of the actual image sensor. Note that all of these virtual image sensors 110v are at the same distance D1 
from CPS 120. Further note that image sensor 110v may be anywhere on the surface of sphere 405; the three 
locations illustrated are exemplary only. 

[0114]At a minimum, at least two known points P1, P2 must be in the field of view of the image sensor. In this 
case (i.e., only two known points are in the field of view), a joint solution of the two resulting sphere equations is 
an equation of a circle 410 in three-dimensional space. Image sensor 110v lies somewhere along circle 410.
{Shown in shown in FIG. 4B in the full application.}



[0115] FIG. 5 illustrates in part a method by which the exact location of the image sensor 110 may be further 
resolved. Specifically, the method entails determining the equation of a line extending from image sensor 110 to 
CPS 120. 

[0116] In an exemplary embodiment of the present invention, PMD 210 associated with image sensor 110 can 
provide the mounting angles (.theta., .psi., .xi.) of image sensor 110 in relation to arena coordinate system 105. 
Moreover, image sensor 110 provides the two-dimensional angles of incidence (.alpha.1, .alpha.2) on the 
backplane 205 of image sensor 110 of the ray of light D1 from CPS 120 at a point P1. (This angular determination 
of the angle of incidence of rays of light on backplane 205 is discussed further below.) 

[0118] Using the parameters shown in FIG. 5, the two dimensional equation for the line (i.e., the ray of light) D1' 
extending from P1 at known position (x1, y1), and consistent with the known image sensor-related angles .theta. 
and .alpha. as illustrated, is given by:    y-tan(.theta.+.alpha.)*x=y1-tan(.theta.+.alpha.)*x1 

[0119] . . . where, since y1, x1, .theta. and .alpha. are known values, the expression on the right-hand side of the 
equation (i.e., y1-tan(.theta.+.alpha.)*x1) can be calculated to yield a constant value.

[0121]As illustrated in FIG. 5 by the several exemplary "virtual" image sensors 110v (wherein the virtual image 
sensors have dotted-line boundaries), the actual image sensor 110 must lie somewhere along line D1'.



[0122]FIG. 6 as drawn is assumed to be a top-down view of an essentially two-dimensional arena space, where P1, 
P2, and image sensor 110 are assumed to be co-planar (for example, all three on the floor of arena 100, or all three on 
the ceiling of arena 100.) From this perspective, circle 410 would be orthogonal to the plane of the drawing, and is 
therefore drawn as it would actually be seen from this perspective, namely as line 410. Dotted oval 410' is presented 
as an aid to visualization of circle 410, indicating circle 410 extending into and out of the plane of the figure.

[0123]As illustrated in FIG. 6, since there are at least two such camera/known-point lines D1', D2' (corresponding 
to known points P1 and P2), it is possible to resolve the location of image sensor 110 as the intersection of lines 
D1', D2' with previously established circle 410. Put another way, solving for the intersection of 
camera/known-point lines D1', D2' and circle 410 yields the location of the camera in three-dimensional space. 



[0125]  FIG. 7A and FIG. 7B together illustrate an method for locating a CPS 120 in an image sensor 110 field of view, and 
hence for identifying an angle .alpha. or pair of angles (.alpha.1, .alpha.2), where .alpha. represents an angle of incidence of a 
ray of light D1, D2, etc., from a CPS 120 onto backplane 205 of image sensor 110.

[0126]FIG. 7A illustrates image sensor 110 observing two CPSs 120, with rays of light D1, D2 from CPSs 120 striking a lens 
or other optical element 705 of image sensor 110. The lens or other optical elements 705... focuses rays of light D1, D2 from 
CPSs 120 onto backplane 205 (i.e., the imaging element) of image sensor 110. The backplane 205 is here represented as a 
matrix of discrete pixel elements 710 (i.e., sensor cells), which may be physical pixel elements, or which may be logical pixel 
elements derived from a scanning process or similar process .... Together, discrete pixel elements 710 comprise a digitized 
field of view of CPSs 120 within the field of view of image sensor 110. Each CPS 120 light source may be perceived by image
sensor 110 as a heightened area of sensed light intensity in a bounded area 720 of the digitized field of view. 

[0127]  FIG. 7B illustrates how different pixel elements or sensor cells 710 in the bounded area of detection 720 may detect 
different degrees of light intensity. In the figure, the light intensity is exemplified by the height of a pixel element 710. (The 
"height" is representational only, corresponding to a recorded light intensity, and does not correspond to a physical, structural 
height of a pixel in a physical backplane or imaging element.) Pixel element 710 may only be considered to have detected light
from a CPS 120 if the measure of light intensity from the pixel element 710 exceeds a threshold value. 
{Fig. 7B is discussed further in the application.}














