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Description
[0001] The present invention relates to an object position and orientation detection system and in particular
one which is capable of determining observed movement
in 3 dimensions.
[0002] Interface devices which allow writing into a projected image using a touch sensitive surface spread
across a board are known. However, the level of interactivity with such devices is limited to little more than can
be achieved with a standard desktop mouse. Such systems are also expensive and require additional hardware
purchases to bring them into effect.
[0003] It is therefore an object of embodiments of the
present invention to provide an object position and orientation detection system that can function without requiring additional expensive hardware. The patent document US 2004/002642 A discloses a surgical instrument
tracking system and method using image processing of
an attached pattered marker.

5

10

15

20

Summary of the invention
[0004] The present invention consists of methods of
controlling a machine as defined in claims 1 and 11 and
a system for controlling a machine as defined in claim 6.
In accordance with a first aspect of the invention there is
provided an object position and orientation detection system comprising:
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an object, at least part of which comprises a patterned marker having a detectable pattern arranged
thereon;
imaging means adapted to create one or more image
of the object; and
image processing means adapted to calculate the
position and orientation of the object in space from
the position and orientation of the patterned marker.
[0005] Preferably, the position and orientation of the
object are calculated in real time.
[0006] This system can represent an efficient object
position and orientation detection device, as it can monitor the trajectory and orientation (with 6 degrees of freedom) of the object, when moved around and turned in
3D space.
[0007] Preferably, the pattern as viewed by the imaging
means changes dependent on the orientation of the patterned marker relative to the imaging means.
[0008] Optionally, the pattern as viewed by the imaging
means changes dependent on the position of the patterned marker relative to the imaging means.
[0009] Preferably, the pattern as viewed by the imaging
means is used to convey the position and orientation of
the device relative to a surface.
[0010] Optionally, this is based on a calibration procedure which does not involve an interaction with the pattern, only an interaction between the imaging means and
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a calibration image on the surface.
[0011] Preferably, the patterned marker is substantially spherical. Optionally, the patterned marker consists of
a single sphere.
[0012] Preferably, the image processing means detects a feature of the pattern on the patterned marker
which is dependent upon the orientation and position of
the pattern relative to the camera.
[0013] Preferably, the pattern on the spherical patterned marker comprises a set of rings around the sphere
which create a variety of patterns depending on the orientation of the sphere with respect to the imaging means.
[0014] Preferably, the patterned marker is hollow with
a surface adapted to diffuse light.
[0015] Preferably the surface comprises celluloid.
[0016] Preferably, the surface has a matt finish.
[0017] Optionally, the pattern is enhanced by illuminating it with a light source.
[0018] Preferably, the surface of the patterned marker
and the material from which the marking is made have
the same
reflective properties, but different transmission properties.
[0019] Preferably, the pattern is made detectable by
the imaging means by illuminating it with a light source.
[0020] Preferably, the light source is a point light
source.
[0021] Preferably, the light source is positioned behind
the patterned marker.
[0022] Preferably, the light source provides infra-red
illumination.
[0023] Optionally, the light source provides visible illumination.
[0024] Optionally, the light source provides ultraviolet
illumination.
[0025] Preferably, the imaging means is configured to
detect the illumination provided by the light source.
[0026] Preferably, the imaging means is provided with
an optical filter.
[0027] Preferably, the optical filter is a band pass filter
which prevents the imaging means from receiving electromagnetic radiation at frequencies other than those
provided by the light source.
[0028] Alternatively, the optical filter is a low pass or
high pass filter, or other filter selected to reduce transmission of frequencies other than those of the light
source.
[0029] Preferably, the pattern can be switched on and
off.
[0030] Preferably, the pattern is not detectable when
the light source is switched off.
[0031] Preferably, the system uses the switching to
communicate information to the computer system.
[0032] Preferably, the information may be used to select a computer function.
[0033] Optionally, the information may be used to convey the position and orientation of the device relative to
a surface.
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[0034] Preferably, the image processing software further comprises matching software which matches an artificial pattern to the pattern in the image.
[0035] Preferably, the position, size and orientation parameters which define the artificial pattern can be finetuned until it correlates best with the pattern in the image.
[0036] In accordance with a second aspect of the invention there is provided a method for operating an object
position and orientation detection device, the method
comprising the steps of:
creating one or more images of an object, at least
part of which comprises a patterned marker having
a detectable pattern arranged thereon;
and calculating the position and orientation of the
object in space from the position and orientation of
the patterned marker from respective images.
[0037] Preferably, the position and orientation of the
object are calculated in real time.
[0038] Preferably, the pattern changes dependent on
the orientation of the patterned marker in respective images.
[0039] Optionally, the pattern changes dependent on
the position of the patterned marker in respective images.
[0040] Preferably, the patterned marker is substantially spherical.
[0041] Preferably, the method further comprises detecting features of the pattern on the patterned marker
which are dependent upon one or both of the orientation
and position of the pattern relative to the camera.
[0042] Preferably, the pattern on the spherical patterned marker comprises a set of rings around the sphere
which create a variety of patterns depending on the orientation of the sphere with respect to the imaging means.
[0043] Preferably, the patterned marker is hollow with
a surface adapted to diffuse light.
[0044] Preferably the surface comprises celluloid.
[0045] Preferably, the surface has a matt finish.
[0046] Preferably, the surface of the patterned marker
and the material from which the marking is made have
the same reflective properties, but different transmission
properties.
[0047] Preferably, the method further comprises illuminating the pattern with a light source to allow detection
of the pattern.
[0048] Preferably, the light source is a point light
source.
[0049] Preferably, the light source is positioned behind
the patterned marker
[0050] Preferably, the light source provides infra-red
illumination.
[0051] Optionally, the light source provides visible illumination.
[0052] Optionally, the light source provides ultraviolet
illumination.
[0053] Preferably, the method further comprises optical filtering.
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[0054] Preferably, a band pass filter is used to prevent
imaging of electromagnetic radiation of frequencies other
than those provided by the light source.
[0055] Preferably, the pattern can be switched on and
off.
[0056] Preferably, the pattern is not detectable when
the light source is switched off.
[0057] Preferably, switching communicates information to the computer system.
[0058] Preferably, the information may be used to select a computer function.
[0059] Optionally, the information may be used to convey one or both of the position and orientation of the
device relative to a surface.
[0060] Preferably, the method further comprises
matching an artificial pattern to the pattern in the image.
[0061] Preferably, the position, size and orientation parameters which define the artificial pattern can be finetuned until it correlates best with the pattern in the image.
[0062] Preferably, the artificial pattern is represented
by a formula parameterized with continuous values for
position, size and orientation.
[0063] Preferably, the intensity of the artificial pattern
can be calculated for any point in a continuous image
space for any given set of parameter values using the
formula.
[0064] Preferably, the calculation for the artificial pattern can be used to determine a similarity measure between the continuous artificial pattern and the pattern in
the pixellated image. Further determinations of a gradient
of this similarity measure can be defined in continuous
parameter space.
[0065] Preferably, the automatic fine tuning of the
match uses the gradient of a similarity measure to find
the best fit.
[0066] Preferably, stages of the matching algorithm
use a coarse-to-fine fitting method.
[0067] Preferably, the algorithm uses a cascade, i.e. a
stage wise sub selection of an initial set of candidate
matches.
[0068] In accordance with a third aspect of the invention there is provided an object position and orientation
detection device comprising a patterned marker wherein
the pattern is detectable by an imaging means in successive images in order to detect changes in one or both
of an orientation and a position of the device.
[0069] Preferably, the patterned marker is substantially spherical. Optionally, the patterned marker consists of
a single sphere.
[0070] Preferably, the pattern on the spherical patterned marker comprises a set of rings around the sphere
which create a variety of patterns depending on the orientation of the sphere with respect to the imaging means.
[0071] Preferably, the patterned marker is hollow with
a surface adapted to diffuse light.
[0072] Preferably the surface comprises celluloid.
[0073] Preferably, the surface has a matt finish.
[0074] Preferably, the surface of the patterned marker
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and the material from which the marking is made have
the same reflective properties, but different transmission
properties,
Optionally, the pattern is enhanced by illuminating it with
a light source.
[0075] Preferably, the pattern is made detectable by
the imaging means by illuminating it with a light source.
[0076] Preferably, the light source is a point light
source.
[0077] Preferably, the light source is positioned behind
the patterned marker.
[0078] Preferably, the light source provides infra-red
illumination.
[0079] Optionally, the light source provides visible illumination.
[0080] Optionally, the light source provides ultraviolet
illumination.
[0081] Preferably, the pattern can be switched on and
off.
[0082] Preferably, the pattern is not detectable when
the light source is switched off.
[0083] Preferably, the device uses the switching to
communicate information to the computer system.
[0084] Preferably, the information may be used to select a computer function.
[0085] Optionally, the information may be used to convey one or both of the position and orientation of the
device relative to a surface.
[0086] Preferably, the device further comprises a
pointer extending from the patterned marker.
[0087] Preferably, the light source is attached to the
pointer.
[0088] Alternatively, the light source is located within
the sphere.
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Figure 5 shows an example of an alternative interface apparatus used as a writing implement in accordance with the invention;
5
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Figure 6 is a flow chart which illustrates the operation
of detection software in accordance with the present
invention;
Figure 7 is a flow chart which illustrates the operation
of patterned marker detection software;
Figure 8 is a detailed side view of the "magic pen"
illustrated in Figure 5;
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Figure 9 shows an embodiment of the present invention employed with a monitor or TV screen;
Figure 10 illustrates a "virtual torch" method for calibrating and orienting a camera in accordance with
aspects of the present invention;
Figure 11 demonstrates how sub-pixel accuracy can
be achieved by matching a continuous pattern to a
pixellated pattern;
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Figure 12 illustrates how a relatively small shift in the
pattern on a spherical marker can correspond to a
much larger shift in the position of the tip of the pen;
and
30

Figure 13 demonstrates an application of the "magic
pen" to use with a mobile device.
Examples of the Invention
35

Brief Description of the Drawings
[0089] The present invention will now be described by
way of example only and with reference to the accompanying drawings in which:

40

Figure 1 is an example of an artificially generated
pattern of a sphere used in an embodiment of the
present invention;
45

Figure 2 is an example of an image of a real patterned
sphere seen through the camera with infrared illumination as used in an embodiment of the present invention;
50

Figure 3 is a perspective view of an example of an
interface apparatus directed towards the camera in
accordance with the invention;
Figure 4 is a perspective view of an example of a
patterned marker, directed perpendicularly with respect to the example in Figure 3, in accordance with
the invention;
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[0090] An embodiment illustrating the interface device
1 of the present invention is presented (with reference to
Figures 3, 4, 5 and 8) which consists of a modified web
camera 3 and a cylindrical pen 5 (the input device) with
a 55 mm sphere 7 attached to the non-writing end. The
sphere 7 has a ring 9 marked onto its surface along the
equator, and other rings 11 parallel to the equator 9 repeating to the "north" 13 and "south" 15 poles of the ball 7.
[0091] Note that this embodiment describes using a
modified web camera, but it is of course envisaged that
any camera could be employed for this purpose, for example a dedicated infrared camera could be used, or any
camera tailor made to record images of the patterned
marker in question.
[0092] The pen 5 contains a small battery 17 which
supplies power to two LEDs 19 which in turn illuminate
the stripe pattern on the ball 7. (Note that in practice this
could be one or several LEDs). The LEDs 19 emit infrared
light which means the pattern is detectable only in the
infrared domain and not visible to humans. The web camera is modified to detect images in the infrared spectrum
by changing the filter in the camera (which generally
blocks infrared light and lets visible light pass) to a suit-
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able filter (e.g. band-pass) selected to block visible light
and let infrared light pass.
[0093] When button (A) 21 is pressed, the illumination
is switched on so that the camera can detect the pattern.
Additionally, when the pen 5 touches a surface, button
(B) 23 is activated which likewise switches the illumination on to make the pattern detectable by the camera. It
is envisaged that such a pen 5 might in actual fact have
either or both of these buttons 21,23, or additional buttons, dependent on the requirements of the application.
[0094] The parabolic reflector 25 directs the infrared
light into the sphere 7, and the pattern can thus be illuminated quite brightly. Thus, the exposure time required
for the camera to obtain a useful image of the pattern
can be reduced significantly. This has a number of advantages, firstly that the relative brightness of the pattern
in comparison to the background means that the image
of the pattern may consist of the pattern alone on a black
background. Of equal importance however is that reducing exposure times means a significant reduction in, and
potentially elimination of, blurring as might be induced
by motion.
[0095] The sphere 7 acts as a spherical diffuser which
prevents the occurrence of highlights. In this embodiment
the spherical diffuser is a table tennis ball; the celluloid
material from which it is made is found to be a good diffuser for the purposes of obtaining an even light distribution across the sphere.
[0096] The pattern on the sphere 7 is marked using a
layer of light blocking material such as a thin layer of
metal. As metal has the unwanted property of mirroring
light, generating highlights, a second thin layer of plastic
can be used to cover the metal.
[0097] In an alternative embodiment (not shown) the
pattern on the sphere is formed by application of a suitable coating which reduces the transparency of the surface to infrared light. Instead of a discontinuous squarewave type banded pattern, the coating can increase and
decrease in transparency in a sinusoidal or other continuous pattern. This may improve detection. The coating
may be applied to the interior surface of the sphere so
that the pattern is only visible to the camera when the
infrared light source is switched on. This also has aesthetic value as there will be no banding visible on the
exterior of the sphere.
[0098] Software associated with the interface apparatus employs a mathematical model describing the sphere
7, camera 3 and light rays travelling from the sphere 7
toward the camera 3 and produce a projected image 27
of the sphere 7 on the sensor chip 29 (see Figures 3 and
4). With this model it is possible to artificially generate a
projected image 27 of the sphere for any location and
orientation in the field of view of the camera (see Figure
1 for example). These artificial images or patterns can
then be matched to or correlated with the real image 31,
i.e. the image of the sphere 7 formed on the sensor chip
29 (see Figure 2) and by finding the best match the correct
location and orientation of the real sphere is determined.
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[0099] To indicate when the pen 5 is touching the wall,
communication between the interface device and the
computer 33 preferably relies only on interaction between
the pattern and the camera 3. This is also the case where
the device is used as a mouse-like input device, i.e. communicating when a click is issued.
[0100] While the LEDs are switched off, no pattern is
detected by the modified webcam. However, for example
when the button (A) 21 is pressed, or when button (B) 23
is actuated by placing the tip of the device on the surface,
the illumination switches on and the webcam 3 detects
the pattern. Therefore, a click is simply communicated
as a change from a ’pattern not detected’ to ’pattern detected’ state.
[0101] The reverse situation may also be employed,
that is with the LEDs on by default, when the button (A)
21 is pressed or when button (B) 23 is actuated the illumination is switched off. A click is then communicated
as a change from ’pattern detected’ to ’pattern not detected’ - the last recorded position of the device indicating
where the click should be effected.
[0102] A particular application of the invention is as a
"magic pen" exemplified in Figure 8. The arrangement of
the buttons depends on the application but for this embodiment, two locations are used. One button (A) 21 is
on the surface at the front of the pen to be pressed with
the index finger when the pen is used to simulate a spray
paint device. The other button (B) 23 is in the tip of the
pen and actuated on application of pressure such as the
kind one uses to draw with a real pen which the "magic
pen" simulates.
[0103] Secondly, the surface of the sphere 7 and the
material providing the pattern are selected to have similar
reflective properties (e.g. the same colour), but different
transmission properties, e.g. the celluloid material of the
table tennis ball transmits light whereas the patterning
material blocks it. This way the pattern is only detectable
when the LEDs illuminate the surface of the sphere between the opaque bands.
[0104] Another advantage gained by brightly illuminating the sphere by means of an active infrared light source
behind the pattern is that it allows the pattern to be simple
without being confused with other patterns which are not
as bright in the infrared region of the electromagnetic
spectrum. As mentioned above, this also reduces blurring of the camera image. Although similar patterns might
be around in the background, it is unlikely for them to
appear as brightly on the webcam image as the pattern
itself. The camera’s exposure settings can effectively be
reduced to the point that the image consists of a mostly
black or very dark background showing only light sources
or strongly reflective objects at a normal brightness level.
[0105] The choice of an infrared light source also reduces the possibility for confusion with bright patterns
such as those appearing on a computer monitor or in the
projected image from a digital projector, as these contain
mainly light in the visible spectrum and produce only very
weak (or indeed no) infrared output. The choice of infra-
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red also has the effect that the pattern is invisible to the
human observer.
[0106] The benefit of adopting a spherical diffuser is
that a sphere always appears as a circular (or very slightly
elliptical) disk in the camera image, irrespective of the
direction in which it is viewed. Secondly the regular bands
or rings around the sphere result in a variety of patterns
on the disk image dependent on the orientation of the
sphere relative to the camera (see Figures 3 and 4). If
the axis of the sphere points directly at the camera the
pattern appears as series of concentric circles (Figure
3). At the other extreme, if the axis of the sphere is directed perpendicularly to the line of sight of the camera,
the pattern appears as a series of parallel stripes (Figure
4). With the described pattern (also see Figure 2) any
possible orientation of the sphere in 3 dimensions can
be detected from its 2-dimensional projection in the camera image.
[0107] The position of the sphere 7 in three dimensions
is determined as follows. The size of the disk increases
or decreases inversely linearly as the distance between
the sphere 7 and the camera 3. The size of the disk in
the image can therefore be used to determine the distance to the sphere in the direction of the optical axis of
the camera. The location of the disk in the image in the
left/right and up/down directions gives information relating to where the sphere is located in the vertical or horizontal direction relative to the camera. These may be
calculated using formulas which are well known to the
skilled person, knowledge of the viewing angle of the
camera (relative to the screen) and any distortion by the
lens of the camera assisting in this determination.
[0108] The pattern of rings was designed to have a
common property independent of the orientation it might
have relative to the camera. Given the projected image
of the patterned sphere in an arbitrary orientation, either
a vertical or a horizontal line can always be drawn through
the centre of the disk such that said line will dissect at
least 8 borders between dark and light. Moreover, these
borders will appear to be approximately regularly spaced.
Computationally it is quick to search for horizontally or
vertically linear successions of black and white segments
in an image. The resulting detection might provide some
false locations, however among these will always be the
correct one. This method therefore works well as a preselection of candidate positions. Later detection stages
which are more accurate but much slower only need to
be applied to this short list.
[0109] Fast detection is not a trivial algorithmic task
because of the variability of the pattern, which changes
when the orientation of the sphere is changed. The naive
approach, adopted in some of the known prior art, of
searching the whole image for all possible appearances
of the sphere is computationally expensive and an unnecessary waste of processing time.
[0110] The method is sometimes known as a cascade
or staged filtering, where a lot of unlikely candidates for
the solution of a problem are rejected early in the process
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after only a very brief examination. In the later stages the
examination becomes more sophisticated but is applied
to less and less candidates such that the best solution is
finally derived with reasonable speed.
[0111] Sub pixel accuracy, which is needed in order to
achieve the necessary accuracy over a reasonable range
of positions with a web cam of standard VGA resolution,
is achieved by matching an artificial pattern 27 (see for
example Figure 1) to the pattern in the image 31 (for
example Figure 2). The position, size and orientation parameters which define the artificial pattern can be finetuned to sub pixel accuracy until it correlates best with
the pattern.
[0112] The artificial pattern is represented by a formula, which is derived from the mathematical model for the
projection of the patterned sphere onto the camera chip.
The formula allows the intensity of the artificial pattern to
be calculated at any point in continuous image space for
a given position, orientation and size of the patterned
sphere. Position, orientation and size form the continuous parameters of the formula.
[0113] Due to the continuity of the parameters in the
formula it is possible to use the formula to define a similarity measure between the artificial and real pattern
whose gradient is well defined in continuous parameter
space. The fine tuning of the match can then be done
using gradient based methods which generally are very
fast and can be run up to almost arbitrary accuracy.
[0114] With reference to Figures 3, 4 and 5 (demonstrating an example of the OPODD), a digital projector
35 is setup in the usual manner to project computer display content onto a projection surface 37, e.g. a white
wall. The user holds the "magic pen" 5 (discussed in detail
above with reference to Figure 8) with the tip touching
the wall at a location 39 within the projected image with
the intent of effecting a mouse click or drawing into a
drawing program which is the subject of the projected
window. A webcam 3 modified as discussed herein is
placed near the digital projector 35 such that its field of
view coincides approximately with the projected image.
The position of the user is such that he does not obscure
the sphere 7 at the end of the pen 5 from the view of the
camera 3. It is observed that in practice the user naturally
avoids blocking the camera as he actively positions himself so as not to block the projection - otherwise he would
not be able to see what he was writing or drawing.
[0115] Initially a calibration procedure establishes the
exact position of the projected image relative to the camera. The calibration procedure described in the following
text is one example from a variety of possible related
calibration procedures. The purpose of the calibration
procedure is to establish the position of the device in
relation to the projected image. This information is necessary in order to switch on the appropriate pixel under
the tip of the magic pen when drawing or, in the case of
where the pen is used for virtual spray painting, to switch
on the pixel or pixels where the extended line or cone
from the pen intersects the projected image.
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[0116] A number of cross hairs are displayed in the
projected image with a target pixel at the intersection of
the cross. The cross hairs are evenly distributed across
the projected image. The crosshairs are displayed one
at a time with the rest of the image blank. For each cross
hair that is displayed the user is required to place the pen
right over the target pixel at the intersection of the cross
and hold it there for a predetermined duration.
[0117] It is advantageous to the efficacy of the calibration process if the orientation of the pen is varied while
keeping the tip of the pen fixed on the cross-hair. Meanwhile the system determines a set of camera-centred coordinates for the tip of the pen, which will vary slightly
around the true location of the tip of the pen due to the
variation in the orientation of the pen. When enough samples are collected for the current crosshair, the average
tip location is calculated and paired up with the target
pixel’s coordinates within the image. After that another
crosshair is displayed and the procedure repeats until an
array of pairings of cross-hair coordinates and cameracentred tip coordinates is collected. The list of paired up
coordinates is then used to calculate a set of parameters
to determine a transformation from pen tip coordinates
into pixel coordinates. This transformation is later used
for drawing and pointing. In effect, this process reveals
the orientation of the real-world screen in the camera
coordinate system.
[0118] An alternative, more elegant calibration method
is effected as follows, with reference to Figure 10. In this
alternative the calibration information is obtained directly
from an interaction between the camera 3 and the display
37. A calibration pattern 39 is displayed on screen and
is detected by the camera 3. Analysis of the pattern as
it appears in the camera image 41 is then used to gain
knowledge about the spatial arrangement of the screen
37. This information is sufficient to allow the drawing function of the pen. In essence the orientation and location
of the screen is derived in a similar process as is used
for the detection of the orientation and location of the pen.
[0119] A basic problem with this approach however is
that in some cases the camera may have been adapted
with an optical filter to be "blind" to what is displayed on
the screen in order to facilitate the detection of the pen
(e.g. in the infrared region).
[0120] A simple way to overcome this problem is to
make use of the different colour channels in a typical
CCD web camera. Note that these channels are specialized to be sensitive to certain visible light (i.e. red, green
and blue) however all of them are also sensitive for infrared. Now it is possible to raise the frequency threshold
of the filter which initially blocked all the visible light and
only let infrared light pass. This can be done to the effect
that only blue and green frequencies remain blocked but
red together with infrared passes. The blue and green
channels then represent the image only in infrared and
can be used to detect the pen, whereas the red channel
will show the contents of the screen as well and can be
used for calibration.
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[0121] In the present calibration method, it is not necessary to know the exact arrangement of the projector,
screen and camera to realize pen drawing. The only information needed is a point-to-point correlation or mapping between the points in the original image and the
image returned from the camera watching the projection
of the original image. The mapping can be seen as a
distortion of the original image in the view of the camera
as illustrated in the inset in Figure 10.
[0122] Note that the only information we need in order
to achieve pen drawing is the pixel which is projected
under the tip of the pen. We can detect the position of
the tip of the pen in camera centred coordinates from the
pattern as described elsewhere in the specification. We
can then calculate where the line from the tip of the pen
through the camera pinhole hits the CCD chip and therefore determine the exact point in the camera image where
the tip of the pen is located. Finally, we simply use the
mapping to find the corresponding point in the original
image and switch the nearest pixel to create the illusion
that the tip of the pen marked the screen. This method
works under the assumption that the tip of the pen contacts the screen, however this assumption normally holds
because the patterned marker on the back of the pen
only lights up when the button in the tip of the pen is
pressed against the screen.
[0123] In order to determine the mapping, we start
again with a mathematical model of the light rays. This
time the model describes how the light rays emerge from
the projector, hit the surface of the screen and are reflected onto the CCD chip of the camera. Using this model, it can be demonstrated that the distortion an image
undergoes from its projection onto the screen and its subsequent detection by the camera CCD chip can be represented by a mapping which is fairly simple (for a flat
surface) and only involves seven parameters. Note that
the distortion can be non-trivial, as the projector and the
camera can be at an angle to the screen. However, the
values of the parameters for this mapping can be determined if it is known how the distortions act on at least
four points in the image. In other words, if we know how
four points map, we can extrapolate and determine how
all of the points on the image are mapped.
[0124] There are many techniques the skilled person
can use to acquire information about how points are
mapped. One way is to project a black image with a
number of white disks, crosses or similar shapes centred
on a number of defined points. We will call these shapes
calibration markings in the following. The centres of these
markings can then be detected in the camera image with
suitable algorithms and paired up with the points from
the original image.
[0125] Note that in order to derive the mapping it is of
advantage to acquire more than four pairs of corresponding points. The additional information gained can then be
used to reduce the error introduced by noise and pixellation using suitable algorithms known to the skilled person.
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[0126] Another important part of the setup for the magic
pen arrangement is to orient the camera appropriately,
such that the back of the pen is always in the field of view
of the camera while in use. Without software support this
is a difficult process, as it involves watching the camera
feed on screen while directing the camera manually until
all the projected area is in view - the motion involved in
handling the camera does not intuitively correspond to
the motion caused in the camera feed. This is because
things in the camera feed move in the opposite direction
from the direction in which the camera is moved.
[0127] It turns out that there is an elegant solution to
this problem as well. The concept is to turn the camera
into a "virtual torch", but without attaching any lamps or
electronics to the camera, simply by calculating where
the camera points and then use the light as it comes from
the projector to create the illusion 43 of a beam hitting
the screen from the direction of the camera. It is then
very easy for the user to point the camera as if it was a
torch until the beam overlaps a displayed target, in effect
turning the camera into a virtual torch with illumination
provided by the projector but manipulated by the camera.
[0128] The calculation to create this illusion is straight
forward and uses the mapping as outlined for the calibration. Imagine the camera image divided into 3x3 equal
squares (e.g. 45). The inner square will then be "projected outwards" from the pinhole like a "rectangular beam"
onto the screen. Note that the shape of this projection
will be non-rectangular if the camera points towards the
screen at an angle (see Figure 10). In order to calculate
the exact polygon of the correct projection it is enough
to apply the mapping onto the corner points of the inner
square S in the camera image and connect the resulting
points in the original image with lines and fill the inner
area with a bright colour.
[0129] The final requirement is that this process has
to be repeated real-time at maximum camera frame rate
in order to achieve the torch illusion. Note that the calibration mapping becomes invalid anytime the camera is
moved or turned and therefore needs to be recalculated
for each frame in the camera video stream. This means
that the calibration markings, which allow the detection
of the mapping (see above) need to be displayed together
with the beam illusion. This could potentially create two
problems; 1) The calibration markings might spoil the
beam illusion for the user and 2) the beam illusion moves
around on screen and potentially obscures the calibration
markings making detection more difficult.
[0130] However, these problems can be solved by; 1)
arranging the calibration markings such that they can
double function as guides/indicators for where to point
the beam exactly - in our setting they would indicate again
the inner square of the screen and 2) if the beam illusion
is displayed as green or blue, it will not be visible in the
red calibration channel and can therefore not interfere
with the detection of the calibration markings, which
should be displayed with a colour containing red (for example white).
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[0131] Note that the division of channels has several
other useful applications. Once the pen’s location and
orientation are detected using the exclusively infrared
sensitive blue and green channels of the camera it is
possible to analyse the appearance of the pen in the visible (red) channel. The pen could be marked with another,
secondary, pattern which only shows up in the visible
domain and therefore does not affect the IR visible pattern. This pattern can be used to transmit additional information. Such information could for example be used
to identify and track multiple pens which might be drawing
at the same time. Or it might be used to assign a fixed
drawing colour to different pens. Or it could be used to
get another independent precision estimate on the position and orientation of the pen to reduce the detection
error even further. Alternatively, it can be used to detect
the rotation around the third axis for which the infrared
pattern is invariant (along the axis of the pen). This is
especially useful if the device represents an elongated
object where the radial symmetry is broken (e.g. a tennis
racket or golf club for a game).
[0132] Additionally, instead of a secondary pattern another LED at a different wavelength can be employed to
illuminate the original pattern more brightly in the red
channel. Depending on whether this extra illumination is
detected in the red channel different kinds of "clicks" can
be distinguished (e.g. simulating a left-click or a rightclick of a PC mouse).
[0133] Once the system is calibrated, the camera starts
sending a continuous video stream of images to the computing device which continuously refreshes the projected
image. The computing device runs software (discussed
in more detail above and below) to analyse the video
stream from the camera frame by frame. For each frame
it detects the parameters of the image of the sphere and
its pattern. This information is first transformed into the
3-dimensional location and orientation of the sphere relative to the camera and then into the location of the tip
of the pen relative to the camera. Using information from
the calibration the exact pixel at which the pen is pointing
within the projector image is identified. The next image
sent to the projector is then altered appropriately, e.g.
the identified pixel is changed to the current ink colour of
the pen. With the correct frame rate the delay between
detection of the pen and changing the pixels in the projected image becomes unnoticeable and the user is given
the impression that he or she is actually drawing onto the
wall.
[0134] With the location of the pen tip known, in addition to whether the tip is touching the wall/screen or not,
all typical functions which normally work with a mouse in
a standard graphics/drawing software package can be
made to work with the pen. Applications such as drawing,
erasing, drag/drop, selecting by framing, the placement
and manipulation of geometric objects such as circles
and rectangles, the placement and shaping of Bezier
curves, even text input (by "typing" with the pen on a
displayed keyboard) can be made possible. The advan-
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tage of the pen over the mouse, to be essentially physically located where the change in the image is occurring,
promises to allow the positioning and manipulating of objects in the image to be much more intuitive and precise.
[0135] The manipulation of virtual objects can even be
extended into the 3rd dimension because, as discussed
herein, the location of the tip of the pen can be accurately
determined in 3D. With this information it is possible to
use the pen in conjunction with 3D modelling software
applications such as CAD. By way of illustration, a 3D
object displayed in CAD software could adopt the orientation and position from which it is viewed from the orientation and location of the pen. It would then be very
intuitive to view an object from all sides; spinning, dragging and dropping it in 3D, picking up other 3D objects,
viewing them from a variety of angles, combining them,
etc. Actual building in 3D with virtual bricks and/or building components/modules is also possible. There are
many other applications relating to the manipulation of
objects in a virtual world which can be realised.
[0136] Using a special image projection technique, 3D
objects can be displayed in a manner such that they appear to connect with or be manipulated by the pen in real
space in the field of vision of the user. In order to achieve
this 3D illusion, a different image has to be detected by
the right eye from the left eye. This can be achieved using
digital projectors with polarization filters, which project a
left eye image and a right eye image with orthogonal polarisations. The correct image for each eye is then filtered
out by polarization glasses the user wears, resulting in a
stereoscopic effect.
[0137] The effect of combining such a 3D projector with
the invention is that the virtual objects that appear to occupy the space in front of the user become completely
controllable by the user. Any kind of object can be made
to appear and almost any kind of manipulative process
can be carried out. The possibility for the pen to be a light
sabre, baseball bat or rocket launcher in an interactive
3-dimensional game environment can then be realised
as the 3D tool/weapon can be made to appear where the
pen is located in real space.
[0138] The software that allows the invention to operate as described is illustrated by Figure 6. It runs in a
loop; repeatedly taking an image from the camera as
input and updating the contents of the screen/projected
image. As demonstrated in the flow chart, the software
executes 4 main steps between the input of the camera
image and the update of the screen/projected image.
[0139] The first step 61 consists of the accurate detection of the location and size of the projected sphere image, which has the appearance of a striped or ringed
pattern with an approximately circular border. The viewed
configuration of the stripes varies from straight parallel
lines to ellipses to concentric circles (see discussion of
Figures 3 and 4 above). The location of the projected
North pole in the camera image is detected using the
pattern of these stripes.
[0140] In the second step 62 the software uses the 2D
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information to calculate the exact 3D location of the centre of the real sphere relative to the camera and the orientation of the sphere. As mentioned above, the distance
to the sphere is determined by virtue of the relationship
between the size of the sphere image and the distance
of the sphere from the camera. This size determination
can therefore be used to calculate the distance to the
sphere in the direction of the optical axis of the camera.
The location of the sphere image in the camera image in
left/right and up/down direction gives the sphere’s location in a vertical or horizontal direction relative to the camera in 3D. The orientation in 3D is calculated from the
position of the projected North pole relative to the outer
rim of the sphere image.
[0141] In the third step 63 the actual position of the tip
of the pen relative to the camera is calculated. As the
orientation and the location of the centre of the sphere
is now known - the axis extending through the poles of
the sphere and through the attached pen is known as
well. The location of the pen tip can then be calculated
as a point on this axis which lies at a distance from the
sphere centre equal to the length of the pen plus the
sphere radius. In cases where the tip of the pen does not
touch the wall, the point where the axis intersects with
the wall can be calculated. In both cases, a point which
lies on the surface of the wall is calculated and output to
the next step.
[0142] In the fourth step 64 the actual pixel in the projector image to which the pen points is identified. From
the initial calibration it is known how a point on the wall
in camera coordinates relates to the pixel coordinates in
the actual projected image. A simple mathematical transformation based on this information calculates the pixel
coordinates. After that the pixel colour/intensity is modified if the user is drawing, or, if the user intended to click
a button at the location of the pixel, the appropriate handler function in the windows system is called, identical to
the way a mouse click would activate the same function.
[0143] As mentioned above, the pressing of the button
on the pen which switches the illumination (and hence
the image of the pattern) on and off can be used to mimic
the function of a mouse button. When the button is
pressed the pattern appears and the location of the pattern can be determined and a ’mouse click’ at the corresponding screen location effected. A complication with
this is that the pen’s location cannot be detected if no
button is pressed. This is only a problem in the applications where the user needs a guide as to where the pen
is pointing while the button is not depressed. More complicated click information such as double click, left click,
right click etc. can be transmitted by embedded encoding
which switches the pattern on and off in a predefined
manner if a corresponding button is pressed. Alternatively, it is possible to make use of the different colour channels of the camera and employing LEDs with frequencies
which increase illumination in a specific colour channel
only (as described above).
[0144] As mentioned above, where the user needs a

17

EP 3 508 812 B1

guide as to where the pen is pointing while the button is
not depressed, this functionality can be reversed whereby the illumination is on at all times, but a click switches
the illumination off (as discussed earlier with reference
to switching from a ’pattern detected’ state to a ’pattern
not detected’ state).
[0145] The speed, robustness and accuracy with
which the parameters of the projected sphere image are
detected determine the quality of the system. The flow
chart in Figure 7 describes this first step in more detail,
segmenting it into 3 detailed steps.
[0146] The first step 71 consists of a fast preselection
of possible candidate positions using a computationally
very fast search which only detects linear sequences of
black and white in either horizontal or vertical direction
(as discussed above). This outputs a list of candidate
positions.
[0147] In the second step 72 all the candidate positions
are investigated further and the most likely one is selected. At this point, the approximate values for the location
of the centre of the sphere image, the size of the sphere
image and an approximate location of the projected North
pole in the sphere image are also detected and output
to the third step.
[0148] In the third step 73 the abovementioned detected values are refined to sub pixel accuracy by finding the
parameters of the artificial pattern (e.g. Figure 1) which
provides the best correlation with the pattern in the image
(Figure 2). The exact values for the centre of the sphere
image, size of the sphere image and the location of the
projected North pole are returned as results of the detection routine.
[0149] For some applications it might be of advantage
not to have an active light source in the pen, which allows
it to be lighter and smaller and without the problem of
having to replace batteries. In this case the sphere pattern can be made of alternating stripes of light reflecting
material and light absorbing material. Reflective tape is
one material that can be used to create the bright stripes.
Such material has the property that it reflects light back
in the direction where it came from. The pattern can therefore be made to appear very bright by placing a light
source next to the camera. This way the advantage of
reducing the necessary exposure for the camera to counteract blurring can still be enjoyed.
[0150] In the case where a visible light source is not
desirable one can again use an infrared light source and
material which reflects well in the infrared spectrum for
the bright stripes. In this configuration the information
that a button on the pen was pressed or that the tip of
the pen touched a surface cannot be transmitted by the
pattern as it is passive. The required functionality can be
achieved by a gesture or for example by covering and
uncovering (perhaps mechanically via a spring-loaded
button), or otherwise manipulating the image of the pattern on the camera in a prescribed way.
[0151] In an alternative embodiment, it is foreseen that
the surface itself may be capable of communicating con-
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tact with the tip of the pen. In this case the camera is
required only to monitor the position and/or orientation
of the pen while relying on an alternative source to determine said contact. One way in which this might be
achieved would be to provide the screen with a high frequency alternating charge and continuously measure its
capacitance; contact with (for example) a metal tip will
affect the measured capacitance of the screen and detection of this change in capacitance will indicate that
said contact had occurred.
[0152] For some applications it might be an advantage
if the image detection can be achieved without the need
for an infrared sensitive camera, e.g. so that an unmodified web camera can be used. The system works on the
same principles only now visible LEDs are placed in the
pen (or near the camera). In this setting the pattern detection step in the software is necessarily adapted to cope
with more confusing background patterns. One way of
improving this situation and to improve pattern detection
is to use a sequence of unusual colours for the stripes,
instead of a simple black and white sequence. The information indicating when the pen touches the wall or when
a click occurs can still be transmitted by switching the
light on and off (where the active light is in the pen).
[0153] An application of the invention is to a general
input device for PCs which enjoys the price level and
ergonomic properties of a wireless mouse yet offers the
ability to monitor 6 degrees of freedom (position and orientation in 3D space) instead of being limited to the two
(up/down, left/right) typically capable of achieving with a
mouse.
[0154] As mentioned above, the device can be used
as an input or control device for computer gaming where
it can, for example, accurately control virtual gunfire, a
virtual racket, baseball bat, light-saber, magic wand, gun
or any other virtual object with a defined orientation
(which can be extracted by means of the techniques associated with the invention). Because the exact position
and orientation of the pen can be tracked in real-time,
the games can respond more accurately to player movements using the "magic pen" than existing pad-type
games controllers.
[0155] A "magic pen" is foreseen and discussed herein
which can write or effect mouse clicks into an image cast
by a digital projector onto a wall or other suitable surface.
This will allow presentations using digital projectors to
become more interactive, the presenter being able to activate different links embedded in the projected image
using the pen while facing the audience; browsing from
slide to slide in a fashion identical to browsing between
web pages, or to manipulate objects, highlight text etc.
in real-time. It can also be used to browse the internet
while being projected on a screen.
[0156] The "magic pen" enables the projected image
to function as a white board, as the detection of the pen
can be accurate enough to virtually draw or write into the
projector image. For drawing purposes, the magic pen
can even work like a spray paint device. The exact loca-
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tion and orientation of the pen can be calculated even
when the pen does not actually touch the wall, the path
of the sprayed paint can be calculated in 3D and virtual
paint can be made to appear at the correct location. The
spread of the paint can also be adjusted to match the
spread of a spray paint device, e.g. wider the further the
tip of the pen is from the wall. When the user wants to
change the colour with which the magic pen is drawing/writing/spraying, it can be used in similar fashion to
a paint brush, i.e. it can be dipped into virtual colour patches on a virtual colour palette displayed on the wall.
[0157] The magic pen application can also be scaled
down to become an input method for a mobile device
such as a PDA or mobile phone. Modern mobile phones
and PDAs typically include cameras and in fact prototype
PDAs with in-built projectors are already known at the
time of the present Application.
[0158] One problem identified with regard to mobile
devices is that any embedded input and output devices
must be necessarily small and as a result inhibit utility
thereof. Figure 13 illustrates an embodiment of the
present invention wherein the magic pen functionality is
extended to a PDA 131. The PDA in this example is
placed on a table top 133 having a light surface colour
and an in-built projector 134 projects an image 135 roughly the size of a sheet of paper or a computer screen onto
the table top 133. The camera 137 of the device together
with a suitably designed magic pen or stylus 139 in the
style of a magic pen can be used to write or draw into
the projected image 135 or effect mouse clicks (or stylus
taps) to control the user interface of the PDA 131. It is
envisaged that with sufficient computational power,
memory and internet connectivity, it will be possible to
carry a complete functional office around in one’s pocket
and set it up wherever there is a table and chair.
[0159] Note that due to the short distance between the
projector 134 and the surface 133, and the large angle
to the normal at which the projection is incident on the
surface, a strong keystone correction is required. However, by choosing the position and direction of the projection carefully the main problem of the projection (i.e.
that it can be easily obscured by the hand operating the
magic pen or stylus) can be eliminated. As demonstrated
in Figure 13, the pen/stylus 139 (and a hand holding said)
do not obscure or overshadow any visual content of the
projection apart from an area 138 which would be obscured in any case were the image 135, for example, a
hard copy or a touch screen display.
[0160] The invention can also be incorporated into an
advanced remote control 91 for a television 93, which
can point at different locations on the screen 93 from a
distance, making menu selection more intuitive and allowing browsing (for example) on the world wide web
from the sofa via "magic pen" clicks rather than mouse
clicks. This is illustrated figuratively in Figure 9.
[0161] Another application is as an intuitive, easy to
use, steering or controlling interface. The device could
be used to control a robot arm, a digger or similar ma-
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chinery or toy. The effector of the arm could be made to
change position and orientation in accordance with the
position and orientation of the handheld input device as
determined in accordance with the invention.
[0162] Another related application could be for a virtual
control centre: The pen could represent a whole array of
dials and buttons, depending on where you hold the pen
in 3d space it could adjust a different dial or actuate a
particular button. Changing the setting of the dial could
be effected by reorienting the pen.
[0163] Another application is for gesture recognition.
As the invention can detect the actual trajectory of the
pen in 3D space, it allows for a computer to recognise
pointing gestures, waving gestures, writing of large letters or symbols in the air etc. which could be used for
controlling machinery or appliances. The functionality of
a ’magic wand’ makes many HCI (human computer interface) commercial applications possible, from control
of machinery, to control of objects in virtual worlds, with
many applications to toys and games.
[0164] The sphere or spheres can also be placed at
relevant locations on moving parts of, for example, machinery, robots, humans, animals etc. and the watching
camera can then tell where the various parts are and how
they are orientated relative to its own position and orientation by determining the position and orientation of respective spheres. This has potential applications in motion capture technology for games, or perhaps to produce
a computer model illustrative of real-time behaviour of a
piece of apparatus and may also be useful to control the
apparatus with an appropriate feedback arrangement.
[0165] The sphere without attachments can be thrown
into the air or bounced around surfaces and its exact
trajectory and spin can be detected, which might be useful to gather detailed information about the medium the
sphere moves through, for example, viscosity, turbulence etc. It could be used to calculate the geometry,
motion or elasticity of a surface, from the way the sphere
bounces off the surface.
[0166] With reference to Figures 11 and 12, the accuracy requirements and how these are met shall now be
discussed.
[0167] Using a standard camera such as a webcam a
typical resolution achievable at video frame rate is about
640 pixels across the width of the camera image. A reasonable active writing area in a projected image would
be on the order of 1 meter. Assuming that the field of
view of the camera is adjusted to match this area, the
width of a single pixel in the camera image will therefore
correspond to a distance of more than 1.5 mm on the
screen.
[0168] From an ergonomic point of view, it is also reasonable that the patterned marker will extend not further
than about a sixth of the entire length of the pen in each
direction from the back of the pen, such that the diameter
of the patterned marker will be less than a third of the
pen’s length.
[0169] Now as illustrated in Figure 12, in a worst-case
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scenario changing the orientation of the pen such that
the tip of the pen shifts by a distance D across the surface,
means that the pattern on the back of the pen shifts only
by d, which is a 1/6 of D.
[0170] This means that to detect a displacement of the
pen tip of less than 1.5 mm, the shift of the pattern at the
back of the pen in the camera image needs to be detected
at a resolution better than 1/6 of a pixel. If the active
writing area were to be expanded to 2 meters instead of
1 meter, the resolution required must be better than 1/12
of a pixel. Furthermore, this has to be achieved in a way
which is robust against a certain amount of noise and
blurring in the camera image.
[0171] The patterned sphere approach is characterized by the use of a single light diffusing sphere with a
special concentric, wavelike banded pattern and a method of extracting the position and orientation of this sphere
from its pixelated appearance in the camera image (e.g.
Figure 2) by way of matching it with a parameterized continuous artificial pattern in continuous (non-pixelated) image space.
[0172] The effectiveness of the approach is due to the
following reasons. The area the pattern covers in the
camera image is always a well-defined simple disk (or
slight ellipse) independent of the orientation and position
of the pen. The skilled man will realise that detection of
disks or circles in images can be achieved algorithmically
very easy and fast due to the simplicity and symmetry of
this shape.
[0173] The spherical shape also extends the detection
range for the orientation to the maximum of 360 degrees.
A flat pattern, which has been adopted in some previously
known systems, will diminish to a line in the view of the
camera when its orientation is changed by 90 degrees.
Note that the extended range in orientation is an important requirement for the pen application, as the orientation of a pen when in use can vary in the range between
approx. +80 and -80 degrees from the surface normal.
[0174] In general the large detection range for the orientation not only has advantages for the object to be
detected at a wide range of orientations, but also allows
the camera, which monitors the device to be placed at
any angle to the device, which is of advantage for applications where the camera might be suspended from the
ceiling or attached to a nearby side wall. It also allows
the same device to be detected from several cameras at
different angles to gain robustness against occlusion or
redundancy to increase the accuracy of the detection.
[0175] The translucent parts of the sphere all appear
equally bright in the camera image despite the curvature
because the diffuse surface approximates a Lambertian
source, which means that each point on the surface radiates the same amount of energy in all directions, such
that there is no spherical shading or highlights as one
would expect if the sphere was illuminated from a distant
light source. As a result, the sphere appears as a flat disk
in the camera image from every direction.
[0176] The areas on the surface of the sphere where
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light is blocked also result in areas of constant low intensity on the disk in the camera image. This means the
bands on the sphere create low-high intensity transitions
with stable minimal and maximal brightness and stable
gradients in between, all across the surface of the disk
image. This greatly improves the effectiveness of any
algorithm used to detect the pattern.
[0177] The diameter of any marker shape used to
transmit the location and orientation information must be
traded off against marketability and ergonomics and any
hand held device should be as small and inconspicuous
as possible. A spherical marker provides maximal coverage for a particular diameter which allows the maximum amount of pixels to be used for an accurate match
of the pattern. Also, a spherical shape is generally considered aesthetically one of the most pleasing due to its
symmetry.
[0178] For subpixel resolution it is not sufficient to estimate the pattern’s location from the difference in location of high intensity and low intensity pixels alone but
also from the actual fine variation in pixel intensities. See
Figure 11 for an illustration where a small shift (from 111
to 113) of the real pattern results in a corresponding
change (from 115 to 117) in the pixellated image. An
artificial continuous pattern 119 can be fitted to the new
detected pixel pattern 117 to determine the actual new
real pattern 113.
[0179] A pixel which covers part of a low-high intensity
transition will likely have a slightly higher or lower intensity
than the half-way intensity depending on whether the pixel location lies a bit further towards the higher or the lower
end of the transition. This means the intensity values of
the discrete pixels preserve information about the sub
pixel position of the pattern in continuous space. It can
be shown mathematically that the exact position, even if
subpixel, of a continuous regular wave pattern can be
recovered from its pixelated equivalent using a suitable
matching algorithm, which guarantees arbitrary accuracy
in the case where there is no noise and a flawless pattern
on the sphere.
[0180] The method is still able to deliver good subpixel
accuracy in the presence of noise as the matching algorithms can make use of the redundancy of information
about the pattern’s subpixel position which is present in
the many edge overlapping pixels in the extended area
of the pattern. As the error introduced by noise is random
it has the tendency to cancel itself out over many pixels
and the exact pattern position can still be recovered.
[0181] If the user rotates the pen around the long axis
keeping everything else the same, then the tip of the pen
will still point at the same position. This rotation is therefore a natural symmetry of the system. Using concentric
bands on the sphere creates a pattern which also does
not change when the pen is turned around its long axis.
By making the pattern invariant to these rotations the
detection calculations simplify considerably and become
numerically more stable, further they are by definition
guaranteed to produce the same 3d location for the pen
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tip independent of rotation.
[0182] The invention herein disclosed provides substantial advantages over the prior art and known "smart"
boards and the like. This "Magic Pen" technology allows
a user to write naturally into a projected image, without
the need for a touch sensitive surface or any other additional equipment apart from a single camera and, in one
particular embodiment, a special kind of spherical patterned marker at the back end of a pen which is illuminated in infrared when the pen tip touches the drawing
surface. The illuminated pattern is monitored by the camera which is positioned at a location near the projector
and the recorded images are analysed with a computing
device that alters the image produced by the projector
accordingly. It has been discovered that a user will naturally maintain a line of sight between the projector and
the pen in order to see what he is writing or drawing. This
means he will also automatically avoid obstructing the
view of the camera onto the pattern, as would otherwise
be the case when the camera is placed near the projector.
[0183] Typical smart boards combine a large touch
sensitive screen with a projected image to achieve interactivity. The extended rigid board with its dedicated electronics makes this solution expensive and cumbersome.
As no expensive equipment is required to implement the
present invention, this kind of technology can be made
available at a much-reduced price point and with much
simpler installation and maintenance.
[0184] Another advantage of the "Magic Pen" over
such smart boards, apart from the reduced cost and no
requirement for additional costly hardware, is the fact that
the location and orientation of the pen may be known
even if it is not touching the surface. As such, the present
invention can also be used to simulate a spray gun as
paint impact position, impact angle and the intersection
of the spray cone with the surface can be accurately determined.
[0185] Although the invention shows great benefit in
the above "Magic Pen" and spray gun applications, it is
by no means restricted to these. In the most general
sense the invention represents a new 6 degrees of freedom real time computer input device, which makes it possible to accurately trace free motion and rotation of any
pointing device in 3-dimensional space. Most notable
other applications are in computer gaming where the device can be used to represent virtual swords, shields,
baseball rackets, wands, guns etc.
[0186] The general advantages of the invention lie in
the amount of, and the speed at which, information can
be gained from the pattern on the marker. Full 3d position
and 3d orientation can be determined at video frame rates
on standard PC hardware with at least standard web
camera functionality; with an additional bit of information
(e.g. infrared illumination on contact) effecting a mouse
click. There is also potential for another at least 3 bits
encoded into a secondary pattern. Degree of speed, accuracy and range at which this information can be gained
are high enough (at-least) to allow the "Magic Pen" ap-
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plication to work without noticeable difference from the
handling of a normal white board marker.
[0187] Within a range defined by the optical limits of
the camera and the limits of its resolution the method
allows orientation and position to be detected to theoretically arbitrary accuracy for the noiseless case with a perfectly manufactured pattern. This is true despite the pixelated representation of the pattern in the camera image
(see for example Figures 2 and 11, and the accompanying description above). Within the range limit orientation
can be detected to the full 360 degrees around at least
two of the three rotational axes. Rotation around the 3rd
axis (i.e. the axis along the length of the pen) can be
determined using a secondary pattern.
[0188] The patterned marker can be produced to a
small size, with low weight, and have both aesthetic and
ergonomic appeal. As discussed in detail above; the
marker itself can be a hollow sphere made from a light
weight material.
[0189] The present invention also benefits significantly
from inherent scalability. It will be relatively easy to extend
the range of detection by, for example, either combining
several standard cameras or a single high-resolution
camera with a wider field of view to monitor a greater
range of space within which the marker is manipulated.
It is also easy to use several patterned spheres at the
same time, as they can be identified as separate devices
using the secondary pattern. This is of great advantage
for the "Magic Pen" embodiment as the size of the projected image is also easily scalable simply by increasing
the distance between the projector and the screen. This
permits other foreseen applications where it can be envisaged that several people/children can draw on a large
surface at the same time.
[0190] Using an infrared LED as discussed and activating the infrared LED on contact means that such a
device exhibits low power consumption and therefore can
enjoy long battery life. Furthermore, such a device can
be manufactured at low cost due to the ready availability
of components, and simple nature of the product.
[0191] In summary, the invention can be implemented
with a single low-cost web camera and a single sphere
with a very simple pattern. The implementation of the
method on a computer has low requirements for computational resources such as RAM, hard disk space and
only moderate demands on processing speed.
[0192] Significant advantages of the system are described herein and provide functionality and application
over other interface devices in terms of cost and versatility. The invention does not require any complex electronics, ultrasonic sensors/receivers, touch sensitive surfaces, etc., but can make use of off-the-shelf, mass produced webcams (adapted for infrared usage). The interface device itself is low cost, as table tennis balls (from
which an embodiment of the invention may be constructed) and infrared LEDs are all cheaply bought.
[0193] The foregoing description of the invention has
been presented for purposes of illustration and descrip-
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tion and is not intended to be exhaustive or to limit the
invention to the precise form disclosed. The described
embodiments were chosen and described in order to best
explain the principles of the invention and its practical
application to thereby enable others skilled in the art to
best utilise the invention in various embodiments and with
various modifications as are suited to the particular use
contemplated. Therefore, further modifications or improvements may be incorporated without departing from
the scope of the invention as defined by the appended
claims. For example, where the sphere has been discussed in detail as comprising a series of stripes, any
recognizable surface pattern may be adopted. Furthermore, an advantageous employment of modified webcams has been described, but any suitable camera may
be employed, for example a dedicated high-resolution
infrared imaging camera.
[0194] The present application is a divisional application relating to earlier filed European patent application
number EP12196724.4, itself a divisional application relating to earlier filed European patent application number
EP07824548.7, which in turn was derived from International patent application number PCT/GB2007/004319
filed on 12 November 2007 , claiming priority from British
patent application number GB0622451.3 filed on 10 November 2006 (and from which the present application
also claims priority).

Claims
1.

3.

The method of claim 2, wherein the position and orientation of the object is calculated by fine tuning the
position and orientation to find a best match between
the generated projected image of the patterned
marker and the patterned marker in the image of the
object created by the imaging means.

4.

The method of any preceding claim, wherein the position and orientation of the object is calculated in
real time.

5.

The method of any preceding claim, wherein the machine comprises a robot, a robot arm, an appliance,
a digger, a toy or a game.

6.

A system for controlling a machine, comprising:
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an object (5), at least part of which comprises a
patterned marker (7) having a detectable pattern
(9, 11) arranged thereon;
imaging means (3) adapted to create one or
more images of the object;
image processing means (33) adapted to calculate the position and orientation of the object in
space from the appearance of the patterned
marker in the one or more images; and
means to change a position and orientation of
the machine in accordance with the calculated
position and orientation of the object in space;
wherein the image processing means generates
a projected image (27) of the patterned marker
according to a mathematical model describing
the patterned marker, imaging means and light
rays travelling from the patterned marker to the
imaging means; and
wherein the image processing means calculates
the position and orientation of the object in space
by matching the projected image of the patterned marker to the patterned marker in the one
or more images of the object created by the imaging means.
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A method of controlling a machine comprising;

generating a projected image (27) of the
patterned marker according to a mathematical model describing the patterned marker,
imaging means and light rays travelling from
the patterned marker to the imaging means;
and
matching the projected image of the patterned marker to the patterned marker in
the one or more images of the object.
2.

terned marker in the field of view of the imaging
means.

30

obtaining one or more images of an object (5),
at least part of which comprises a patterned
marker (7) having a detectable pattern (9, 11)
arranged thereon;
calculating the position and orientation of the object in space from the appearance of the patterned marker in the one or more images; and
changing a position and orientation of the machine in accordance with the calculated position
and orientation of the object in space;
wherein calculating the position and orientation
of the object in space comprises:
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7.

The system of claim 6, wherein the image processing
means generates a projected image corresponding
to a position and orientation of the patterned marker
in the field of view of the imaging means.

8.

The system of claim 7, wherein the image processing
means calculates the position and orientation of the
object by fine tuning the position and orientation to
find a best match between the generated projected
image of the patterned marker and the patterned
marker in the image of the object created by the imaging means.

50
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The method of claim 1, wherein the projected image
corresponds to a position and orientation of the pat-
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27
9.
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11. A method of determining the position and orientation
of a machine, comprising:
obtaining one or more images of the machine,
comprising at least one patterned marker (7)
having a detectable pattern (9, 11) arranged
thereon; and
calculating the position and orientation of the
machine in space from the appearance of the
patterned marker in the one or more images;
wherein calculating the position and orientation
of the machine in space comprises:
generating a projected image (27) of the
patterned marker according to a mathematical model describing the patterned marker,
imaging means and light rays travelling from
the patterned marker to the imaging means;
and
matching the projected image of the patterned marker to the patterned marker in
the one or more images of the machine.
12. The method of claim 11, wherein the machine comprises one or more moving parts and one or more
respective patterned markers, and wherein the
method comprises calculating the position and orientation of the one or more moving parts.

5

10

20

25

2.

Das Verfahren nach Anspruch 1, wobei das projizierte Bild einer Position und Orientierung der gemusterten Markierung im Sichtfeld des Bildgebungsmittels entspricht.

3.

Das Verfahren nach Anspruch 2, wobei die Position
und die Orientierung des Objekts berechnet werden,
indem eine Feinabstimmung der Position und Orientierung durchgeführt wird, um eine bestmögliche
Übereinstimmung zwischen dem erzeugten projizierten Bild der gemusterten Markierung und der gemusterten Markierung im vom Bildgebungsmittel erzeugten Bild des Objekts zu finden.

4.

Das Verfahren nach einem der vorhergehenden Ansprüche, wobei die Position und die Orientierung des
Objekts in Echtzeit berechnet werden.

5.

Das Verfahren nach einem der vorhergehenden Ansprüche, wobei die Maschine einen Roboter, einen
Roboterarm, ein Gerät, einen Bagger, ein Spielzeug
oder ein Spiel umfasst.

6.

Ein System zum Steuern einer Maschine, das Folgendes umfasst:

30

35

40

14. The method of any one of claims 11 to 13, further
comprising producing a computer model illustrative
of real-time behaviour of the machine.

45

15. The method of any one of claims 11 to 14, further
comprising controlling the machine.
50

Patentansprüche
Ein Verfahren zum Steuern einer Maschine, das Folgendes umfasst:

Erzeugung eines projizierten Bildes (27) der
gemusterten Markierung gemäß einem mathematischen Modell, das die gemusterte
Markierung, das Bildgebungsmittel und die
Lichtstrahlen beschreibt, die sich von der
gemusterten Markierung zum Bildgebungsmittel bewegen, und
Anpassung des projizierten Bildes der gemusterten Markierung an die gemusterte
Markierung in einem oder mehreren Bildern
des Objekts.

15

13. The method of claim 11 or claim 12, comprising calculating the relative positions and orientations of a
plurality of moving parts by calculating the position
and orientation of a plurality of respective patterned
markers.

1.

Markierung (7) umfasst, worauf ein erkennbares
Muster (9, 11) angeordnet ist;
Berechnung der Position und der Orientierung
des Objekts im Raum aus dem Erscheinen der
gemusterten Markierung in einem oder mehreren Bildern und
Änderung einer Position und Orientierung der
Maschine gemäß der berechneten Position und
Orientierung des Objekts im Raum;
wobei die Berechnung der Position und Orientierung des Objekts im Raum Folgendes umfasst:

The system of any one of claims 6 to 8, wherein the
image processing means calculates the position and
orientation of the object in real time.

10. The system of any one of claim 6 to 9, wherein the
machine comprises a robot, a robot arm, an appliance, a digger, a toy or a game.
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Erhalt eines oder mehrerer Bilder eines Objekts
(5), von dem zumindest ein Teil eine gemusterte

15

ein Objekt (5), von dem zumindest ein Teil eine
gemusterte Markierung (7) umfasst, worauf ein
erkennbares Muster (9, 11) angeordnet ist;
Bildgebungsmittel (3), das an die Erstellung eines oder mehrerer Bilder des Objekts angepasst ist;
Bildverarbeitungsmittel (33), das an die Berech-

29

EP 3 508 812 B1

nung der Position und der Orientierung des Objekts im Raum aus dem Erscheinen der gemusterten Markierung in einem oder mehreren Bildern angepasst ist, und
Mittel zur Änderung einer Position und Orientierung der Maschine gemäß der berechneten Position und Orientierung des Objekts im Raum;
wobei das Bildverarbeitungsmittel ein projiziertes Bild (27) der gemusterten Markierung gemäß einem mathematischen Modell erzeugt,
das die gemusterte Markierung, das Bildgebungsmittel und die Lichtstrahlen beschreibt,
die sich von der gemusterten Markierung zum
Bildgebungsmittel bewegen, und
wobei das Bildverarbeitungsmittel die Position
und Orientierung des Objekts im Raum berechnet, indem eine Anpassung des projizierten Bildes der gemusterten Markierung an die gemusterte Markierung in einem oder mehreren Bildern des Objekts durchgeführt wird.
7.

8.

Das System nach Anspruch 6, wobei das Bildverarbeitungsmittel ein projiziertes Bild erzeugt, das einer
Position und Orientierung der gemusterten Markierung im Sichtfeld des Bildgebungsmittels entspricht.
Das System nach Anspruch 7, wobei das Bildverarbeitungsmittel die Position und die Orientierung des
Objekts berechnet, indem eine Feinabstimmung der
Position und Orientierung durchgeführt wird, um eine bestmögliche Übereinstimmung zwischen dem
erzeugten projizierten Bild der gemusterten Markierung und der gemusterten Markierung im vom Bildgebungsmittel erzeugten Bild des Objekts zu finden.

Erzeugung eines projizierten Bildes (27) der
gemusterten Markierung gemäß einem mathematischen Modell, das die gemusterte
Markierung, das Bildgebungsmittel und die
Lichtstrahlen beschreibt, die sich von der
gemusterten Markierung zum Bildgebungsmittel bewegen, und
Anpassung des projizierten Bildes der gemusterten Markierung an die gemusterte
Markierung in einem oder mehreren Bildern
der Maschine.
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12. Das Verfahren nach Anspruch 11, wobei die Maschine eines oder mehrere bewegliche Teile und eine
oder mehrere entsprechende gemusterte Markierungen umfasst und wobei das Verfahren die Berechnung der Position und der Orientierung des einen oder der mehreren beweglichen Teile umfasst.
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13. Das Verfahren nach Anspruch 11 oder Anspruch 12,
das die Berechnung der relativen Positionen und Orientierungen einer Vielzahl von beweglichen Teilen
durch die Berechnung der Position und der Orientierung einer Vielzahl von jeweiligen gemusterten
Markierungen umfasst.
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14. Das Verfahren nach einem der Ansprüche 11 bis 13,
das zudem die Erzeugung eines Computermodells
umfasst, das das Echtzeitverhalten der Maschine
veranschaulicht.
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15. Das Verfahren nach einem der Ansprüche 11 bis 14,
das zudem das Steuern der Maschine umfasst.
35

9.

Revendications

Das System nach einem der Ansprüche 6 bis 8, wobei das Bildverarbeitungsmittel die Position und die
Orientierung des Objekts in Echtzeit berechnet.

1.

10. Das System nach einem der Ansprüche 6 bis 9, wobei die Maschine einen Roboter, einen Roboterarm,
ein Gerät, einen Bagger, ein Spielzeug oder ein Spiel
umfasst.

40

11. Ein Verfahren zur Bestimmung der Position und Orientierung einer Maschine, das Folgendes umfasst:

45

Erhalt eines oder mehrerer Bilder der Maschine,
die zumindest eine gemusterte Markierung (7)
umfassen, worauf ein erkennbares Muster (9,
11) angeordnet ist, und
Berechnung der Position und der Orientierung
der Maschine im Raum aus dem Erscheinen der
gemusterten Markierung in einem oder mehreren Bildern;
wobei die Berechnung der Position und der Orientierung der Maschine im Raum Folgendes
umfasst:
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Un procédé de contrôle d’une machine consistant à ;
obtenir une ou plusieurs images d’un objet (5),
dont au moins une partie comprend un marqueur à motif (7) sur lequel est disposé un motif
détectable (9, 11) ;
calculer la position et l’orientation de l’objet dans
l’espace à partir de l’apparence du marqueur à
motif sur la ou les images ; et à
changer la position et l’orientation de la machine
en fonction de la position et de l’orientation calculées de l’objet dans l’espace ;
dans lequel le calcul de la position et de l’orientation de l’objet dans l’espace consiste à :
générer une image projetée (27) du marqueur à motifs selon un modèle mathématique décrivant le marqueur à motif, le
moyen d’imagerie et les rayons lumineux
qui se déplacent du marqueur à motif au
moyen d’imagerie ; et à
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du moyen d’imagerie.

faire correspondre l’image projetée du marqueur à motif avec le marqueur à motif sur
la ou les images de l’objet.
2.

Le procédé de la revendication 1, dans lequel l’image
projetée correspond à une position et à une orientation du marqueur à motif dans le champ de vision du
moyen d’imagerie.

5

3.

Le procédé de la revendication 2, dans lequel la position et l’orientation de l’objet sont calculées grâce
à un réglage précis de la position et de l’orientation
afin de trouver la meilleure correspondance entre
l’image projetée générée du marqueur à motif et le
marqueur à motif sur l’image de l’objet créée par le
moyen d’imagerie.

10

4.

5.

6.

7.

Le procédé de l’une des revendications précédentes, dans lequel la position et l’orientation de l’objet
sont calculées en temps réel.
Le procédé de l’une des revendications précédentes, dans lequel la machine comprend un robot, un
bras de robot, un appareil, une pelleteuse, un jouet
ou un jeu.
Un système
comprenant :

de

contrôle

d’une
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machine

un objet (5), dont au moins une partie comprend
un marqueur à motif (7) sur lequel est disposé
un motif détectable (9, 11) ;
un moyen d’imagerie (3) permettant de créer
une ou plusieurs images de l’objet ;
un moyen de traitement d’images (33) permettant de calculer la position et l’orientation de l’objet dans l’espace à partir de l’apparence du marqueur à motif sur la ou les images ; et
un moyen de changer la position et l’orientation
de la machine en fonction de la position et de
l’orientation calculées de l’objet dans l’espace ;
dans lequel le moyen de traitement d’images
génère une image projetée (27) du marqueur à
motif selon un modèle mathématique décrivant
le marqueur à motif, le moyen d’imagerie et les
rayons lumineux qui se déplacent du marqueur
à motif au moyen d’imagerie ; et
dans lequel le moyen de traitement d’images
calcule la position et l’orientation de l’objet dans
l’espace en faisant correspondre l’image projetée du marqueur à motif avec le marqueur à motif
sur la ou les images de l’objet créées par le
moyen d’imagerie.
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Le système de la revendication 6, dans lequel le
moyen de traitement d’images génère une image
projetée correspondant à une position et à une orientation du marqueur à motif dans le champ de vision
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8.

Le système de la revendication 7, dans lequel le
moyen de traitement d’images calcule la position et
l’orientation de l’objet grâce à un réglage précis de
la position et de l’orientation afin de trouver la
meilleure correspondance entre l’image projetée générée du marqueur à motif et le marqueur à motif
sur l’image de l’objet créée par le moyen d’imagerie.

9.

Le système de l’une des revendications 6 à 8, dans
lequel le moyen de traitement d’images calcule la
position et l’orientation de l’objet en temps réel.

10. Le système de l’une des revendications 6 à 9, dans
lequel la machine comprend un robot, un bras de
robot, un appareil, une pelleteuse, un jouet ou un jeu.
11. Un procédé de détermination de la position et de
l’orientation d’une machine consistant à :
obtenir une ou plusieurs images de la machine,
comprenant au moins un marqueur à motif (7)
sur lequel est disposé un motif détectable (9,
11) ; et à
calculer la position et l’orientation de la machine
dans l’espace à partir de l’apparence du marqueur à motif sur la ou les images ;
dans lequel le calcul de la position et de l’orientation de la machine dans l’espace consiste à :
générer une image projetée (27) du marqueur à motifs selon un modèle mathématique décrivant le marqueur à motif, le
moyen d’imagerie et les rayons lumineux
qui se déplacent du marqueur à motif au
moyen d’imagerie ; et à
faire correspondre l’image projetée du marqueur à motif avec le marqueur à motif sur
la ou les images de la machine.
12. Le procédé de la revendication 11, dans lequel la
machine comprend une ou plusieurs pièces mobiles
et un ou plusieurs marqueurs à motif respectifs, et
comprenant en outre le calcul de la position et de
l’orientation de la ou des pièces mobiles.
13. Le procédé de la revendication 11 ou de la revendication 12, comprenant le calcul des positions et
orientations relatives de plusieurs pièces mobiles en
calculant la position et l’orientation de plusieurs marqueurs à motif respectifs.
14. Le procédé de l’une des revendications 11 à 13, comprenant en outre la production d’un modèle informatique illustrant le comportement en temps réel de la
machine.
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15. Le procédé de l’une des revendications 11 à 14, comprenant en outre le contrôle de la machine.
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