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Abstract
This extract briefly describes some of the software modules as used to predict the
winning numbers at live roulette tables. Prediction Model 3 is based on a remote
video camera monitoring live table gaming action. The camera tracks both the wheel
and the ball, predicts the pocket where the ball will be likely to land and ‘reads’ the
actual winning number. For convenience, both predicted and actual numbers are
graphically displayed on the screen. Prediction Model 4 is based on the ‘2-clicks’
method where the observer ‘clicks’ once when the wheel has completed one
revolution and once again for the bal; the proximity between predicted and actual
numbers has been used to ‘rate’ the predictability of a particular roulette wheel.
Keywords: Roulette, Roulette prediction, Prediction software, Prediction algorithms

Extracts from an 866-page research report

Introduction
A brief reference to Prediction Models 3 and 4 by reference of the programming
languages used to code the software applications.
Epsilon Model 3
The software application consists of two executable modules – Epsilon, Friction
Graph and a helper module – Roulette Video (RouletteVideo.ocx).

1. Video recognition
Choice of programming languages
For best performance in real-time, video playback and recognition has been
implemented in C++ (Microsoft Visual C++ 7.1) as an ActiveX control. This control
is used by both Epsilon and Friction Graph modules. Most of the user interface has
been implemented in VB (Microsoft Visual Basic 6.0 / VB.NET 2008); the interface
events are passed between the VB and C++ modules via ‘methods’ and ‘call-backs’.
The ActiveX control uses MFC (Microsoft Foundation Classes) to interact with
Windows API. This is the default template of ActiveX control in MS Visual Studio.

1.1 Video file/camera source support
Microsoft DirectShow API is used to load and display the video. Video handling is
based on DirectShow PlayCap sample project.
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CVideoPlayback class is responsible for handling the video. It has the following
constructor:
CVideoPlayback(LPCTSTR szFile, HWND hWnd, CRouletteVideoCtrl
*pMyCtrl);

szFile is the file name or empty string to use video camera.
When new video frame is available, it is passed to CRouletteVideoCtrl object via
NewFrame method. The following video capture graph is used, as shown in
GraphEdit DirectX utility:

Graph construction is done in CVideoPlayback::CvideoPlayback method. When
recording is on, Null Renderer is replaced with encoder, Avi Muxer and File Writer
nodes. Sound stream (appearing as Stream 01 in AVI Splitter) is ignored.

The picture with overlaid ellipses and markers is displayed using images obtained by
Sample Grabber node; the same images are used by video recognition.

1.2 Application framework
CRouletteVideoCtrl class handles application states and implements the interfaces
accessible from VB.
The following figure displays the diagram for the application:

Manual calibration:
Initial – video not loaded. After loading the video, ellipse editing interface is
automatically invoked.
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Editing of Ellipses – in this state the user can click ‘points’ on the video display to
specify wheel/ball ellipses, while the video is playing or paused. Ellipses are switched
from VB application. When the video tracker is called by the user, the Calibration
state is activated.
Calibration – in this state the ball tracker is calibrated (if called from Epsilon app.);
this state is also left for future use by some additional detector calibration steps that
may be required. Depending on the application (Epsilon of Friction Graph) the next
state is activated when the calibration is done.
Real-time Processing / Friction Graph states process each frame in a loop, returning
the detected ball and wheel / wheel only positions to CRouletteVideoCtrl object.
Backward transition is possible from each state, for example when the video is closed,
Initial State is activated; it is also possible to recalibrate from processing state, or
return to ellipse editing state. Forward transitions are possible only as shown in the
diagram.

1.3

Wheel ring / ball trajectory model

The wheel ring and the ball trajectory are of circular shape. When projected onto
camera CCD, perspective distortion is introduced. It can be proved that circle shapes
transform into ellipses. However, perspective transform introduces some angular
distortion along the ellipse circumference, which is rather small for nearly-‘top’ or
perpendicular views.
Both wheel and ball ellipses are constructed from 5 or more user-specified points
using the linear least squares method.
Ellipse equation: Ax2 + Bxy + Cy2 + Dx + Ey = 1, is linear for A, B, C, D and E
coefficients. The coefficients found by solving a system of linear equations. CMatrix
class contains a solver based on the Gaussian elimination method. Since the system of
equations is rather small (5 rows by 5 columns) this method is fairly effective. Matrix
construction code is as follows:
CMatrix M1(s, 5);
for (int i = 0; i < s; i++)
{
double x = pt[i].x - mean_x;
double y = pt[i].y - mean_y;
M1[i][0]
M1[i][1]
M1[i][2]
M1[i][3]
M1[i][4]

=
=
=
=
=

double(x * x);
double(x * y);
double(y * y);
double(x);
double(y);

}

which constructs s-by-5 matrix (s here is number of points). Matrix is then multiplied
by its transpose to construct 5-by-5 matrix as required by the linear least squares
method. This challenge is clearly linear since A, B, C, D and E (unknown
coefficients) are all in the first power.
Points clicked by the user pass to OnLButtonDown method in RouletteVideoCtrl.cpp,
then to AddPoint method of CEllipse class. After required number of points is clicked
(5 or more) ellipse is fitted as described above – parameters A, B, C, D and E are
calculated.
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To work with the ellipses this parameterization is not useful hence it is converted.
New parameterization consists of ellipse centre (m_x, m_y in code), two radii (m_ra,
m_rb) and orientation (m_phi). The two radii are perpendicular to each other and are
tilted from vertical axis by given orientation angle.
The code also checks that given points actually form a non-singular ellipse (). Return
statements are executed in case of bad ellipse. This takes place because the equation
Ax2 + Bxy + Cy2 + Dx + Ey = 1 also defines a parabola and hyperbola for which
centre-radii-orientation parameterization is impossible. EPSILON here is precision
constant declared as
const double EPSILON = 1e-30;

Also note that sine and cosine values are not calculated in every occurrence, but
cached in m_sin_phi and m_cos_phi variables. This is done in several places of code
to improve real-time performance.
In Friction Graph application only the wheel ellipse is used. In Epsilon application the
two ellipses are then aligned together, so they a have common 12-o’clock direction.
Only ellipse-orientations are altered and not the centres. Example:

This is intended to compensate small imprecision in the ellipse placement. It can be
shown that when circles are projected in parallel planes equate to equally-aligned
ellipses on the screen plane.
This alignment is easily done in our parameterization, we just have to replace
orientation angle of both ellipses with their average:
double phi = (e1.m_phi + e2.m_phi) / 2.0;
e1.m_phi = e2.m_phi = phi;

1.4

Calibration

Both calibration and tracking functionality is mainly implemented in CDetector class.
The Calibration step has a dual function: ball and wheel calibration and both use,
however different models.

1.4.1

Ball calibration

On this step a narrow band along the ball ellipse is unwrapped to a rectangle during
16 frames. Frames are composed using median filter to create a background image of
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ball trajectory. If the ball is rolling during calibration, it will not interfere with the
process as median filtering is stable for both moving objects and image noise.

1.4.2

Wheel calibration

On this step perspective correction is calibrated and used for both wheel and ball.
When the model is under ‘perspective projection’, objects that are farther from viewer
would appear smaller as shown in the following example.

Dotted lines show a rectangle with and without perspective transform, into which the
ellipse is inscribed (for demonstration purposes).
Areas that are farther from the viewer would appear smaller on the screen, as this
transformation is non-linear in X, Y (screen) and x, y, z (real-world) coordinates.
However, it is linear in the so called homogenous coordinates.

1.5

1.5.1

Tracking

Ball

1.5.1.1 Tracking along ball ellipse
The Algorithm outline is as follows:
1. A band around the ball ellipse is compared to the saved image of the
background.
2. The images are compared and a ‘difference’ curve is stored in memory.
3. The curve is smoothed to filter out the noise.
4. Peak difference value is compared to a fixed threshold.
5. ‘Difference’ values are compared to the peak value to ensure that there is only
one significant peak. If not, the ball is assumed to be undetected.
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All steps listed here with the exception of step 2 are used for wheel detection; they
are discussed in their respective section.
The following screen print demonstrates a fragment of the unwrapped band around
the ball ellipse for the image above. The graph shows the difference curve between
current image and the saved background. The peak (see below) corresponds to the
detected ball position.

1.5.1.2 Tracking the ball on the slope
When the ball is not detected on the ball ellipse, the detector tries to track it from a
previous position where it was last seen. Tracking is performed by background
subtraction.
Background is constructed on calibration stage from several frames. These frames are
simply averaged, then compared to the result. The differences are processed using
median filter to form a motion mask. This mask helps to eliminate the moving parts of
the image (e.g. the wheel and some highlights).
During tracking, ‘difference’ image is integrated both horizontally and vertically
using approximately known ball size (relatively to video frame size) to find peak
value in a neighbourhood of previous ball position, which corresponds to the ball’s
centre.

1.5.2

Wheel

Algorithm outline: Refer to software code and screens for details
1. Band around wheel ellipse is also unwrapped. Either inner or outer side of the
ellipse is used, depending on “Analyze faces” checkbox.
2. A curve is constructed that measures how green the colour is.
3. Curve is smoothed. This step also suppresses white colour of numbers when
analyzing faces instead of pockets.
4. Peak value is analyzed in a similar way to ball difference curve.
5. Detected peak corresponds to the centre of zero sectors.
6. For A/R wheels: The colours of adjacent sectors are analyzed and if both red
rather than black, then double-zero is detected and the detected position is
rotated by 180 degrees.
The following screen print shows the unwrapped wheel ellipse and corresponding
green colour trace. The trace is smoothed by simply averaging its values along
pocket-size intervals. This is done in PreprocessData method. Note that averaging
is cyclic since the trace is based on the ellipse unwrapping.
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One can see several ‘minor’ peaks as it is rather tolerant to colour which allows
for a variety of colours.

In this example black appears to be more ‘green’ than red to the algorithm. This is
because under low light conditions green may appear to look more black rather
than red or any other colour.

1.6 Speed measurement
Both ball and wheel speeds are measured by fitting a line (velocity only) or a parabola
(velocity and acceleration) into the set of 20 of most recent positions (stored in
pos_info array). Fitting is performed using the least squares method using the same
CMatrix class as for ellipse fitting. Equation here is
At2 + Bt + C = x,
where t is time and x is angular position. Unknown coefficients A, B and C are
acceleration, velocity and starting position (at time t = 0) respectively. If acceleration
measurement is off, A = 0.

1.7 Angular position and speed graphs
Graphs are plotted from a set of points <time, angular position> obtained from each
video frame where the ball/wheel was detected. Class cEpsGraph in VB code is
responsible for constructing, storing and pre-processing graph curves.
There are 3 types of graphs, as shown on this UI screenshot:
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•
•

Angular position plots time (in seconds) against position (in revs):

Angular velocity plots speed (in revs/s) against time. Velocity is calculated by
differentiating the position curve. The curve is smoothed a little by averaging
nearby values to reduce noise caused by ‘imperfect’ detection. Due to nature of
derivative operator, noise is increased during differentiation; hence the graph is
less reliable than the position graph.

·
•

1.8

Velocity against position allows one to clearly see both period and phase of
the sine wave patterns appearing on the velocity graph.

Winning number detection

When the ball can not be found whether on the ball ellipse or on the wheel slope the
winning number detection procedure is called automatically.
Algorithm outline:
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1.
2.
3.
4.

The colours along wheel ellipse are analysed.
Black, red and green colours are suppressed.
Remaining colours correspond either to ball or to highlights.
Colour intensity is accumulated but now as a set of 37/38 values (for each
pocket), not as a continuous curve.
5. As wheel rotates, highlights slide along the pockets and their intensities are
distributed along several pockets. The ball intensity (brightness) accumulates
in one pocket.
6. The pocket that has the most intensity (after a comparison with a fixed
reference or threshold) is assumed to be the winning pocket.
Steps 1-5 are performed for 26 frames. The result produced in step 6 is stored and the
procedure is performed once again; that is, 52 frames in total. If the result for the
second 26 frames equals to the result of the first 26 frames, a winning number is
reported.

2. Prediction
2.1 Motion equation
Angular position, speed and acceleration are denoted as x, V and a respectively. In the
program x is measured in revolutions and time is measured in seconds.

2.1.1 Wheel
x = x0 + Vt + at2 / 2
x0 is position at reference time,
t is the difference between current time and reference time,
V is speed at reference time,
a is acceleration (it has opposite sign with respect to V, because it’s actually the
deceleration)
x is the number of revolutions plus position at the current revolution (0 to 1).

2.1.2 Ball
Ball motion is rather more complex and derived from the following differential
equation using Newtonian mechanics
x = x0 + 1/a⋅ln(sinh(c0 – ab⋅t) / sinh(c0))
x0 is position at reference time,
t is the difference between current time and reference time,
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a, b are parameters (the authors estimate them during calibration spins),
c0 is parameter based on initial ball speed
In Epsilon, the parametric expression is not used. Instead, ball motion curves for
calibration spins are stored and ‘stitched’ together. Assume that the result is referred
to the ‘calibration curve’.

This curve resembles the graph shape of the given formula, but does not require a, b
and c0 parameters estimation and also does not suffer from possibly rough
approximations used when deriving such a formula. Thus we obtain discrete
approximation of the parametric curve. This approximation is improving during the
first few calibration spins. This also helps in instances where the real curve differs
from a parametric one, but only for as long as there is a strict dependency of curve
shape on time, regardless of initial position and speed (up to constant offset in both
axes).
The curve is obtained by sampling the ball position from sequential video frames.
Since the motion of the ball from one frame to the frame is rather small, dense
sampling is avoided by ‘skipping’ points with a small angle or time increment (the
latter is used when ‘stitching’ the two curves together, to prevent increasing of
number of points in stitched curves).
Graph class cEpsGraph stores curve points in a resizable array. Method AddPoint
doubles allocation space when the end of the array is reached:
NumPoints = NumPoints + 1
If NumPoints > Alloc Then
Alloc = Alloc * 2
ReDim Preserve Pt(1 To Alloc)
End If

Thus the array rapidly grows to required size and doesn’t need many reallocations.
(The same approach is used everywhere in Epsilon, when variable-size array is
needed.)
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2.2 Drop-off time and ball position
By matching current ball position curve to the calibration curve, we can get ball dropoff time (tdrop) and positon (xball).

2.3 Wheel state at drop off time

By simply using wheel motion equation, we get wheel position and speed at time tdrop:
xwheel = x0(wheel) + Vwheel⋅ tdrop + awheel⋅tdrop 2 / 2
Vwheel = V0(wheel) + awheel⋅tdrop

2.4 Position of the pocket (predicted)
xpocket = xball – xwheel + t1⋅Vwheel + xoffset
t1 is average time while the ball slides to the wheel,
xoffset is average position offset (from the predicted)
The difference between predicted and detected winning numbers is used to estimate t1
and xoffset. These two parameters are updated after each spin (when winning number is
known).
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To get winning number, the fractional part of xpocket is taken and multiplied by the
number of pockets (37 or 38). The result is the index in numbers array (i.e. 0, 32, 15,
19, 4 etc.)

2.5 Parameter estimation (during calibration spins)
The curves are matched by moving the current spin curve along calibration curve with
step of 0.5 seconds. The matching range is from one half of the shorter of the two
curves to the left of zero to one half of the shorter curve to the right of longer curve
(length here is simply a time range). When the best mathematics is found, the step
increment is divided by 2 and the matching is done in a shorter range. This is repeated
for several times.
tdrop is simply the last time when the ball was detected on its ellipse.

2.6 Prediction
Prediction is updated every 0.5 seconds after the start of each spin. It is stopped with
the freezing of the last result 3 seconds before the predicted drop-off time (“no more
bets”).
After each execution of prediction procedure, the predicted number is shown along
with predicted drop-off position denoted by a white square (shown below):

One can view diagrams showing the quality of drop-off and winning number
prediction. The latter diagram is a scatter graph, which shows the differences between
actual and predicted numbers, without an offset correction.
The ball calibration curve, described in section
Ball, can be previewed. The calibration curve
itself is shown as a double black curve and the
current spin curve (which is constantly updated)
is in red. The latter is matched to the calibration
curve, so that is starts from a position where it
fits the calibration curve. On the end of spin the
red curve is ‘stitched’ to the calibration curve to
update it (see also section Ball).
The reason of showing calibration curve with
double-line is making it easier to see two curves
(black and red) matched.
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2.6.1 Integration of prediction method into Epsilon
frmPredictor has 3 timer controls in it:
UpdateTimer – a timer with 20 msec period (50 times a second – is more than
enough for a 25 fps camera) which collects position measurements to construct the
current spin curve and also to display the current velocities on the screen. Winning
pocket detection is also done here if the ball is not found on the rim/slope. Some
points may be missing (if the ball or wheel is not detected for several frames) and in
this case a linear interpolation is used.
PredictionTimer – a timer with 500 msec period, which updates current prediction
twice a second using our prediction model. It is turned on at the start of the spin and
turned off 3 seconds before the predicted drop-off time.
WinningNumTimer is turned on when the actual winning number is detected and
waits for 7 seconds, allowing the user to delete or edit this number in case it has not
been detected correctly (the detection method is described in section 1.8).
Epsilon Model 3 output screen

Screen print: Self-calibration allows for high prediction rates. The small pie-charts
(see above) depict the proximity between the predicted and the actual winning
numbers. The Ball’s Exit Place, BEP, is used to identify ball-exit patterns, if any.
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Epsilon Model 4: 2-Click Prediction

Brief description of the 2-Click Prediction application; the application module is
based on earlier research programmes.

7.1 Parameter Estimation
The aims and objectives of the calibration stage are to estimate some of the unknown
parameters of the ball/wheel combination from several spins and reference points, in
order to use them at the prediction stage when only 2 reference points are known.
The following user interface implements the calibration:
Basic Features:
The 'Click' button serves to register each ball revolution; right-click when the ball
leaves the ball-track. Clicked points are immediately shown on the graph. The
user can navigate between the different spins using < and > buttons; the current spin
number is shown between < and >. Any spin can be deleted, e.g. in the event that the
user makes a mistake during the clicking process.
The entire set of spins can be saved onto (or be loaded from) a file. The Merge button
allows for the user to load the spins from a file and to append the spins to the current
set, rather than replacing it. This also allows for maintaining several calibration files
for different video clips; however the files can be used in a single calibration process,
if needed.
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Graph:
Red crosses denote 'clicked points' – i.e. revolutions of the ball against time.
The Vertical line denotes the time the ball left the track (i.e. the right-click time).
A continuous dark red curve is plotted from point (0, 0) using a, b and c0 parameters
(see below). The residual of this curve (mean squared difference between the curve
and the clicked points) is also shown. The curve can be treated both as a function of
time and as a function of angular position. This can be selected in the Fitting Mode
box, and affects the way the residual is calculated. The ‘t= f(x)’mode proved to be
more reliable.
Parameters:
According to equation (8), each curve has three parameters – a, b and c0. The first two
are the property of the ball/wheel pair. The last parameter differs for different spins,
as it denotes the initial ball speed.
Thus, for N spins, we need to
estimate 2*N+2 parameters (c0
for each spin, and global a and b
for all spins). However such
single-step minimization is very
unstable and often gets stuck in a
‘local’ minimum. The estimation
of all three parameters for each
spin, is by taking the mean
values of a and b. However, the
parameters do not detail such
estimation (especially the initial
approximation needed by
numeric methods); a simple
estimation with fixed initial
approximation proved to work
poorly upon experimentation.
The results of several
experiments suggested numerous
steps that can be carried out by
the user to estimate the final a
and b values. After further
experimentation the most reliable
sequence was identified and implemented to work automatically.
Fitting Methods:
In Auto Calibration mode, press the Calibrate button to fit a curve for all of the spins
using the method described below.
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In Manual Calibration mode the following actions are available:

FIT LOCAL – estimates a, b and c0 for current spin only, by minimizing it’s
residual.
FIT GLOBAL – estimates a, b for all spins simultaneously, by minimizing the sum
of residuals over the entire range of spins. It uses mean a and b for calibrated spins,
weighted by their residuals, as the initial approximation.
Apply to all spins – applies the estimated a, b values of current spin to all of other
spin and optimizes c0 independently.
FIT c0 – finds optimal c0 for current spin only, for fixed a and b. Can be used to fix
vertically the offset graphs.
Fitting Mode – defines whether the curve is treated as a function of time or angular
position. The latter is selected by default, since it gives better result. In Roulette
Physics the curve is also defined as t=f(x).

7.2 Optimization of Ball Parameters
The Levenberg-Marquardt algorithm was used to minimise the expression in (40). In
addition the Gauss-Newton method was also used (note: that this is implemented in
another class and can be reused at a later stage), but proved rather unstable.
When the values of the logarithm in equation (10) become negative during iterative
minimization, the result was discarded. This means that 'we have got stuck' in a local
minimum and there is nothing one can do, even if a global minimum does exist.
However such a spin can be re-calibrated with a better initial approximation (the one
that is closer to the global minimum and can be taken from other spins using Apply to
all spins button).
Equation (40) has been modified by adding wk:

Where, N, is a number of points for a particular spin,
i.e. more weight is given to points closer to the end of the spin. In
addition, the following weighting function:,
added; unfortunately it gave rise to worse results.

was

This change takes into account the fact that earlier clicks have been less reliable due
to a high ball speed which caused slower user reaction during clicking. This has been
useful in the case of the auto-detection version as a fast ball motion gets blurred and
introduces detection errors. Experiments confirmed that spins that worked well with
the old formula produced the same a, b values, whilst other spins that did not calibrate
improved and produced values very close to those of 'good' spins.
Downloaded from www.rouletteresearch.com

16

By George Melas

After minimization by using equation (40), the solution was refined by the GoldenSection-Search minimization with the a and b parameters independently. This is close
to what was done in equation (41).

7.3 Auto Calibration Method
The following algorithm is carried out to perform the Auto Calibration:
1.

Do FIT LOCAL for all spins (to set up the initial approximation)

2.

Do FIT GLOBAL (to regularize values over all spins)

3.

Do FIT LOCAL for all spins again (to get a more accurate residual measurements, sacrificing
the global optimum)

4.

Select spin with smallest residual

5.

If residual from previous step is greater than 0.0001, go to step 2, but not more than 6 times
(i.e. the loop of steps 2-5 is limited to 6 iterations)

6.

Apply parameters from a spin selected at step 4 to all spins and fit c0 (Apply to all spins)

7.

Calculate weighted average speed at drop off time (time of right-click).

When performing manual calibration, the result of values appeard on the Auto
Calibration tab. Following the Auto Calibration of the individual parameters for the
entire spins one can view on the Manual Calibration tab.
The results of global parameters for all spins (a, b, drop off speed) may be saved on
disk, but not, however the per-spin parameters.

8.4 Optimization of Wheel Parameters
The roulette wheel has one parameter – acceleration (a). It is always negative since
the wheel actually decelerates.
The following linear system is solved:

where

αij and tij are angular positions and times corresponding to the j-th click of the i-

th spin.
Linear Least Squares solution retrieves the initial angular speeds of the wheel in all
spins and the acceleration as the last element of vector x.

14. Prediction
The following user interface is used for the prediction:
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The ball needs at least 2 clicks. The clicks are
displayed as red crosses (angular position against
time). After the second click three curves will
show up. The thick-curve denotes the predicted
ball deceleration. The thin curves denote the
approximate variance (see next section). The
roulette wheel also needs to be clicked twice (2
clicks) when the zero pocket passes through a
reference point. The wheel-clicks are denoted by
green crosses and the corresponding curve is
almost linear since the deceleration is small. Both
the ball and the wheel clicks are on the
same coordinate systems hence both start at zero.
Following the third and consecutive ball clicks,
four curves will be seen:
The thick curve is the current prediction (using
all of the clicks). The thin curve between the variance curves is the deceleration curve
from the first 2 clicks. It is not affected by the clicks that follow (and neither are the
variance curves). This allows for the
evaluation of the algorithm by
checking. The deceleration curves
are constructed from 2 clicks; it can
be seen that all the clicks are in close
proximity, thus the 2-click prediction
produces a reliable curve.
The dotted line displays the drop-off
time prediction (using all the clicks) and it denotes a point on the current
deceleration curve where the speed
equals the drop-off speed (see next
sub-section).

Ball Deceleration Curve Fitting:
The parameters (a, b) of the curve are taken from the Ball Calibration tab. The c0
parameter is calculated by weighted minimization (see above) of equation (40) using
the Golden-Section-Search method.
The variance curves are constructed by assuming a ±0.1 second error in the first two
clicks.
The Drop-off time is predicted using the Binary Search algorithm by searching the
deceleration curve for the Drop-off speed value which is shown on the Ball
Calibration tab.
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Wheel Deceleration Curve Fitting:
The curve is fitted by Linear Least Squares method
http://en.wikipedia.org/wiki/Binary_search to obtain the wheel speed using known
acceleration.
The following system of linear equations is considered:

Ω0

Where αi and ti are the angular positions and times
corresponding to the i-th click. Linear Least Squares
solution yields the initial angular speed of the wheel
(the acceleration a is known from calibration data).

15. 4 Clicks Timing
There must be exactly one ball revolution between the first 2 clicks. Consecutive
clicks can have more revolutions between them – as they are automatically ‘snapped’
to the nearest spin number:
In the figure (see right), clicks 1 and 2 are for 1
revolution; the third click was registered after 3
more revolutions, and snapped correctly to the
calibration curve. This was done simply by
taking the value of the current deceleration
function at the moment of clicking and rounding
it to the nearest integer.
This also applies to the wheel timing.

15.5 Predicted Number
The predicted winning number is obtained by matching the predicted drop-off time
with the wheel curve. The angular position of the ball relative to the wheel (taken with
minus sign, if the spin direction set by the user is anti-clockwise) is increased by a
constant offset value and is converted to the appropriate pocket index.

15.6 Evaluation Method (Video Detection)
Video detection is used to read the actual winning number. The difference
between predicted and actual numbers is added to the scatter bar chart. The
horizontal x-axis denotes the difference measured in rotor pockets (-18..18, that is 0
meaning correct prediction) and its vertical y-axis denotes the count of spins with a
given difference. The scatter chart can be viewed using the corresponding button on
the Prediction tab.
When the winning number is detected, the New Spin button is automatically
depressed. The spin direction is automatically set and it is based on the detected
direction (updated after each click of the Click button on the Prediction tab).
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Details of the video detection component (RouletteVideo.ocx) are described in the
Epsilon Application help document.

Epsilon Model 4: The 2-clicks Prediction

http://www.rouletteresearch.com/shop.aspx
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