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Description

[0001] This relates generally to a framework for use
with a head-mounted display constructed and adapted
to provide a user with an augmented view of an object
being viewed, being an apparatus, a device, an instru-
ment panel or a machine.
[0002] Augmented Reality (AR) systems are systems
that combine information (e.g., images, text and the like)
on views of real-world objects, thereby augmenting the
reality (i.e., the real world objects) with other information.
[0003] A well known example of an AR system is one
used in televised American football to display a yellow
line on top of a real-world video image of football field
during a football game. This yellow line provides viewers
with an indication of the position of the first down marker.
Another sports-world example is found in Olympic swim-
ming and track events, where an athlete’s country flag is
superimposed on the image of that athlete’s lane or track.
In this way, television viewers can tell which athlete is in
which lane.
[0004] In some systems, it may be desirable to know
the position of a user within a system or framework or
relative to one or more objects within a system. As used
herein, with reference to a user, the term "tracking" gen-
erally refers to the acquisition of the user’s position and
orientation relative to a coordinate system. A user’s po-
sition and/or orientation may be determined / tracked in
one of two general ways, generally referred to as "inside
out" or "outside in" determination. In an "inside-out" track-
ing system, targets are positioned in known fixed loca-
tions (e.g., on the ceiling of a room). A camera connected
to or worn by a user obtains images of the targets, and
the user’s position and/or orientation is determined by a
computer connected to the camera. (The term "pose" is
sometimes used to refer to i an object’s (or user’s) posi-
tion and orientation.) The camera may be on a helmet
worn by the user. The camera should be attached rigidly
to the display because it serves the purpose of sensing
the pose of the display so that images can be displayed
accordingly. In so-called "outside-in" tracking systems,
user wears so-called targets, and cameras at known,
fixed locations are used to detect those targets. Images
from the cameras are used to compute the user’s location
and/or orientation. A combination of these two tracking
systems, so-called "inside- outside-in" tracking is also
known. It is also known to use active and/or passive tar-
gets for the various kinds of tracking systems (e.g., in
determining the exact r position of a pilot’s head -actually
helmet - in a plane’s cockpit). Other tracking systems use
global positioning systems and the like to obtain a user’s
position (but not orientation), and compasses and the
like to obtain a user’s orientation (but not position).
[0005] Some AR systems have proposed the use of
tracking to determine a user’s position, e.g., at an arche-
ological site. In these systems, an arbitrary reality is pro-
vided to the user using, e.g., a wearable computer and
a see-through head- i mounted display (HMD). In such

systems, tracking can be done using a global positioning
system (GPS) combined with other tracking schemes.
[0006] Head-mounted optical displays have been used
to provide computer- generated information to users, but
the information is displayed in a fixed location on the dis-
play, and does not change when the user’s view of an
object changes. For example, a system is known that
displays circuit diagrams and the like to users in of a
mono-vision head mounted display. But the displayed
information is not in any way synchronized with any object
that the user is viewing, and if the user moves (thereby
changing his view of the object), the information does not
move at the same time with respect to the display in such
a way that it would appear attached to specific objects in
the environment.
[0007] US 2005/256396 A1 discloses an image com-
position apparatus. When the user designates an addi-
tional marker using an operation input unit in a sense
image of the physical world sensed by an image sensing
unit, a marker extraction/management unit calculates the
world coordinates of the additional marker using known
marker group information in the sense image, and reg-
isters and manages the world coordinates as new known
marker group information. US 6 424 416 B1 discloses an
integrated optics probe for spectral analysis. Percentage
concentrations of constituents or color components of a
sample are determined using a spectral analyzer with a
wide illumination spot size and detector. The analyzer
irradiates the sample, picks up diffuse reflectance of in-
dividual wavelengths from the sample and spatially sep-
arates the diffuse reflectance into a response at individual
wavelengths. The result is to simultaneously detect the
intensities of the individual wavelengths in parallel from
the sample being analyzed. Percentage constituents of
a composite substance can be determined or, alterna-
tively, the components of color in a sample can be de-
termined by analyzing wavelengths of reflected light.
[0008] The inventors were the first to realize the desir-
ability of combining head-mounted displays with precise
and continuous position and orientation tracking to pro-
vide overlaid maintenance and operation instructions to
users under potentially difficult conditions, including on-
board a ship, in darkness, surrounded by metal and other
surfaces, and with limited space.
[0009] For a more complete understanding of the
present invention and the advantages thereof, reference
should be made to the following detailed description tak-
en in connection with the accompanying drawings, in
which:

Fig. 1 shows the exemplary architecture of an aug-
mented reality system;

Fig.2 shows the exemplary AR architecture; and

Fig. 3 is a flowchart of the operation of an AR system.

[0010] Fig. 1 depicts an exemplary architecture of an
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augmented reality (AR) system 10. The AR system 10
includes a head-mounted display 12 connected to a com-
puter 14.
[0011] The computer 14 is preferably light-weight and
wearable, so that its use does not unduly impinge on a
user’s mobility. In a presently preferred implementation,
the computer 14 is a wearable x86 clone from
Quantum3D called the Thermite. This computer is low
powered, rugged, has a 1 GHz processor and 256Mb of
memory, and an Nvidia graphic adapter that is appropri-
ate for real-time monocular AR graphics rendering.
Those skilled in the art will realize and understand, upon
reading this description, that different and/or other com-
puters may be used. The display 12 may be connected,
e.g., to the VGA output of the computer 14. The system
10 may also include a keyboard or the like (not shown)
for use as an input device.
[0012] The display 12 is a see-through display that al-
lows for augmentation of the user’s view. The display can
either be transparent (optical) or non-transparent (video
based). Video based see-through displays may be im-
plemented by a camera taking a view of the world. Video
based displays show this view of the world combined with
graphics that augment the view. Optical displays may be
implemented, e.g., by showing the view of the world
through a transparent beam-splitter and combining this
view with the graphics augmenting the view by reflecting
a micro-display display image showing this graphics us-
ing the same beam-splitter. See-through displays are
available in the form of goggles that can be worn by a
user for better immersion of the user in the AR. The optical
and video displays can be either monoscopic (one view)
or stereoscopic (two views, one for each eye) to support
depth perception. The later kind is recommended for a
better matching of the virtual and real image. An example
of a monocular, see-through, non-obstructive optical dis-
play is the Nomad II display available from Microvision
of Redmond, Washington.
[0013] The Microvision Nomad II display is also appro-
priate because it is light, wireless, and can be used under
any lighting conditions. It uses a laser to form a high in-
tensity image on the wearer’s eyes and therefore can be
made bright enough to compensate for ambient lighting
conditions. The display has a common VGA port that can
be used to send images. A binocular display with the
same characteristics as the Nomad II may be preferable,
since it has been suggested that users may experience
attention shift when using monocular display.
[0014] In order for a user to determine what is being
viewed (so that information about that object can be pro-
vided) the system 10 determines the user’s position
and/or orientation with respect to an object being viewed.
To this end, the AR system 10 includes a tracking system
16 which is made up of a tracking mechanism/device 18.
The tracking mechanism 18 can be one or more cameras,
although other mechanisms may be used. For the pur-
poses of this description, the terms "tracking mechanism"
and camera are used synonymously. It is generally de-

sirable the tracking mechanism 18 be in a known and
fixed position and orientation with respect to the head-
mounted display 12.
[0015] The tracking system 16 also includes at least
one marker (or beacon) 20 on the object to be viewed.
Preferably more than one marker is provided, although,
for the sake of explanation, only one marker is shown on
the object 22 in the drawing.
[0016] A typical AR system 10 will operate in an envi-
ronment in which there is a plurality of different objects 22.
[0017] The marker(s) 20 may be placed on, attached
to, or built into the object 22. The marker 20 is an active
marker - e.g., a source that produces infrared (IR) or ultra-
violet (UV) light. Marker 20 may use IR or UV radiation
sources that create a geometric pattern that can be seen
by the imaging sensor of tracking mechanism 18 and
segmented / distinguished from the rest of the scene by
a tracking system processor. Marker 20 may include IR
light-emitting diodes (LEDs) that create points or bea-
cons on the imaging plane of the tracking mechanism
18. UV LEDs could be used instead, or similarly lines or
arbitrary shapes could be created instead of points. The
pattern created by the marker 20 should be rotation in-
variant, and may be asymmetric, so that the tracking sys-
tem 16 can find only one solution to the position and
orientation (or pose of the tracking mechanism 18). When
IR or UV LEDs are used for markers 20, the LEDs may
be constantly on and provide reliable targets that can be
segmented by the camera regardless of arbitrary ambient
illumination. Markers 20 may be battery powered or hard-
wired into the apparatus 22 in order to obtain their power.
[0018] In addition to IR LED markers 20, the tracking
system 18 may also use UV sources or laser targets emit-
ting IR or UV as markers that can provide beacons that
a tracking mechanism (e.g., camera) can view and that
cannot be seen by a human.
[0019] It should be understood that the term "marker"
may refer to one or more marks or patterns or LEDs. That
is, a particular, individual marker may comprise one or
more marks, patterns or LEDs. The pattern formed by a
marker is referred to as the marker’s constellation.
[0020] An alternative tracking system can be imple-
mented using retro reflecting targets for markers instead
of point sources. Such a system would require an illumi-
nation mechanism (e.g., an IR flash), preferably placed
on the same axis than the tracking mechanism 18. In
such a system, the tracking system 16 illuminates the
reflecting target with the illumination mechanism, and the
reflected targets appear to the optical detector as if they
were light source themselves, providing the same func-
tion.
[0021] The tracking mechanism 18 is preferably a light-
weight camera that is attached to display 12. The camera
preferably uses an imaging sensor operating in a fre-
quency range that is invisible to humans, e.g., either IR
or UV. Examples of implementation of the imaging sensor
are a CCD (charge coupled device) included in the cam-
era or two linear optical sensors. Those skilled in the art
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will realize and understand, upon reading this descrip-
tion, that other embodiments supporting the same imag-
ing functions can also be used. Since the tracking system
16 uses active (as opposed to passive) light sources, it
is not sensitive to ambient lighting conditions.
[0022] Additionally, the tracking mechanism 18 (e.g.,
camera) can include one or more filters (e.g., an IR filter)
to filter out ambient illumination and help in segmentation.
[0023] The tracking system 16 may generate tracking
information by determining the position and orientation
of the tracking mechanism 18 with respect to the marker
20 (referred to herein as the BS -Base-to-Sensor-orien-
tation) and/or the position and orientation of the marker
20 with respect to the tracking mechanism 18 (referred
to herein as the SB -Sensor-To-Base-orientation), de-
pending on its implementation. Since the tracking system
16 tracks the relative position and orientation of the track-
ing mechanism 18 and marker 20, the AR system 10 is
able to overlay images on the object 22, even when the
position and/or orientation of the object changes (so long
as the marker 20 remains attached to the object).
[0024] The optical-based tracking may be implement-
ed using a well-known algorithm which consist on corre-
lating the projected position of the markers 20 (e.g., IR
LEDs) on the imaging sensor of the tracking mechanism
18 with their corresponding known spatial location on the
object 22. This allows recovery of the position and orien-
tation of the tracking mechanism 18. This aspect of the
AR system may be implemented using a so-called model-
based pose recovery algorithm. A bibliography of such
algorithms is provided, e.g., at the University of Roches-
ter Computer Science Department Web site (ht-
tp://www.cs.rochester.edu/u/carceron/re-
search/bib.html).
[0025] The tracking system 16 may be implemented,
alternatively, using an inertial sensor (not shown) on the
tracking mechanism 18 and marker 20 to reduce the
processing power required by the system. The use of
inertial sensors in position tracking is well-known, and is
described, e.g., in "Head-tracking relative to a moving
vehicle or simulator platform using differential inertial
sensors," Foxlin, Proceedings of Helmet and Head-
Mounted Displays V, SPIE Vol. 4021, AeroSense Sym-
posium, Orlando, FL, April 24-25, 20, and U.S. Patents
Nos. 6,474,159; 6,757,068, and 6,922, 632.
[0026] Inertial information may be used to allow the
segmentation function of the algorithm to be done only
in small regions (search windows) of the tracking mech-
anism, instead of scanning the whole image. The under-
lying mathematical principle to determine the position
and orientation of the tracking mechanism 18 with re-
spect to marker 20 is the same once the marker 20 has
been segmented on the imaging sensor of the tracking
mechanism.
[0027] In presently preferred embodiments, the object
22 is an apparatus (e.g., an instrument panel) requiring
repair or maintenance. Further, in presently preferred
embodiments, the object 22 is on board a moving vessel

such as ship at sea or the like. Those skilled in the art
will realize and understand, upon reading this descrip-
tion, that in such cases, both the user and the object will
be moving relative to each other at all times. In addition,
in such cases, the AR system 10 will have to deal with
differing light conditions (e.g., ambient light, noise reflec-
tions that look like LEDs, poor visibility and possibly dark-
ness).
[0028] The inventors realized that for various reasons,
including for cost reasons and to respect the constraint
that there are likely more objects 22 to be annotat-
ed/marked than users, the tracking system 16 is prefer-
ably of the inside-out type. This means that the tracking
processing and the tracking mechanism 18 are carried
by the user and the markers are mounted in the environ-
ment rather than the reverse, outside-in configuration.
[0029] It is desirable that the optical detector of the
tracking mechanism 12 has a large field of view so that
as the user gets closer to an object, enough markers can
be seen. An alternative approach would be to use a dens-
er marker distribution on the object.
[0030] The tracking system 16 may use the computer
14 (or some other processor - not shown) to run needed
algorithms and help in determining the position and ori-
entation of tracking mechanism (camera) 18 with respect
to marker(s) 20 or the orientation of marker(s) 20 with
respect to respect tracking mechanism (camera) 18, de-
pending on the implementation. Alternatively, a dedicat-
ed processor or embedded hardware can perform some
or all of this functionality.
[0031] Once the tracking system 16 has generated
tracking information, this information is used to infers the
position and orientation of the display 12 with respect to
the object 22 that the user is looking at (this information
is referred to herein as PD--Panel-to-Display).
[0032] For each object that might need to be viewed
(repaired, maintained, etc.), a three-dimensional (3D)
model 24 of the object 22 is created (e.g., using a 3D
model or an image or arbitrary coordinates obtained by
surveying) and is stored in the computer 14 before the
user operates the system. This model 24 is referenced
with respect to the object 22. Using the position and ori-
entation of the display 12 with respect to the object 22
and the 3D model 24 of the object 22, the computer 14
is able to generate a perspective of the 3D model and to
render the perspective to superimpose overlay informa-
tion on the object 22 and send the corresponding overlay
image to the display 12. In this manner, the user can see
an overlay image of the object (in the display 12) while
viewing the object. Since the tracking is preferably con-
tinuous and on-going, if the user and/or the object move
with respect to each other, the overlay image is displayed
in the correct place.
[0033] As noted above, in presently preferred embod-
iments, the object 22 is an apparatus / device (e.g., an
instrument panel), e.g., on board a moving vessel such
as ship at sea or the like. The information provided in the
overlay image includes information about the apparatus
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and/or its maintenance and/or repair. So, for example, a
user looking at an appropriately marked instrument panel
may be provided with an overlay image giving operation
and maintenance instructions directly superimposed on
the instrument panel. It is important that the overlay im-
age be correctly positioned on the object being viewed.
It should thus be apparent to those of skill in the art, from
reading this description, that if either the user or the object
move, it will be necessary to update the overlay image
to ensure that it corresponds to the correct parts of the
real-world object being viewed.
[0034] In preferred embodiments, the information pro-
vided to the user includes equipment repair and/or main-
tenance instructions.
[0035] The information to be used in the augmented
display may be obtained from a database stored in the
computer 14 or stored remotely and accessed (e.g., wire-
lessly) by the computer as needed. Interaction between
the computer 14 and the database can use any known
technique.
[0036] Fig. 2 depicts an exemplary architecture of the
video AR system 10. Those skilled in the art will realize
and understand, upon reading this description, that this
architecture can be implemented in hardware or software
or combinations thereof. In addition, those skilled in the
art will realize and understand, upon reading this descrip-
tion, that other and or different architectures may be used.
In some embodiments, different cameras could be used
for the AR view and for the tracking. Additionally, an op-
tical AR system can be used, in which case the video
does not go to the renderer (since the real world can be
seen through the transparent optics).
[0037] As shown in Fig. 2, an exemplary architecture
includes a video capture section 30, a configuration load-
er 32, a renderer 34, a tracking section 38, a model loader
40, and a calibration mechanism 42. A configuration file
36 is used to configure the tracking section 38 of the
software and the tracking mechanism 18 (camera). The
configuration file 36 provides data (e.g., locations of the
tracking LEDs with respect to the referential to track, here
the machine origin) needed by the tracking system 16.
The configuration loader 32 reads the configuration file
36. Those skilled in the art will realize and understand,
upon reading this description, that the configuration data
may be provided in any number of formats and via dif-
ferent mechanisms than those shown.
[0038] Calibration section 42 calibrates the transfor-
mation between 18 and the display 12, if and as neces-
sary. Tracking section 38 provides information about the
markers 20 (including the pose of the camera with respect
to the marker constellation) that are in the environment.
Video processing section 30 connects to the tracking
mechanism 18 (camera), and provides video input for
tracking. Video processing section 30 may also be con-
structed and adapted to perform various functions such
as to compensate for lens distortion and the like, e.g., by
using inverse-distortion mapping; to provide video tex-
ture capabilities; and to capture video frames that repre-

sents that user’s view (in the case of a video-see-through,
where a video camera take a view of the real world).
[0039] Model loader 40 loads model files 24 associated
with an object in the environment. In video-see-through
mode, renderer 34 receives the video input from the video
processing section 30 and the position and orientation
of the display 12 with respect to the object from tracking
16.
[0040] The tracking section 38 and calibration section
42 are constructed and adapted to determine the position
and orientation of the display 12 with respect to an object
which is referred to as PD (panel-to-display). In presently
preferred embodiment, the renderer 34 uses the trans-
formation (PD) which calculation is based, at least in part,
on the following well-known relationship: a point imaged
on the optical detector plan Pd is related to its location
on the object to track Po by the matrix equation: 

where Tdo is the matrix changing the coordinates of the
marker(s) 20 from the referential of the object 22 to the
tracking mechanism 18, and P is the projection matrix of
the tracking mechanism 18, expressing the manner in
which the optics project the point on the detector plane
of the tracking mechanism 18. Because Po (the location
of a LED or beacons with respect to the origin of the
object 22), P (the projection matrix defined by the optics
of the camera 18) and Pd (the 2D projected blob pro-
duced by the LED or beacons on the image plane of the
camera) are known, it is possible to determine Tdo (the
tracking transform). The matrix Tdo also encodes the
translation and rotation needed to map from the tracking
mechanism 18 to the object 22 (in essence the pose of
the object 22 with respect to the tracking mechanism 18),
hence providing the tracking capability. By reverting the
transforms, the tracking mechanism 18 can also be
tracked with respect to the object 22. PD is computed
using the computed transform Tdo combined with the TD
transform from the tracking 18 to the display 20, in order
to get the object 22 to display 12 transform OD.
[0041] Once the renderer 34 has the position and ori-
entation of the display 12 with respect to the object 22,
the renderer 34 uses this information and model infor-
mation (from 3D model file 24) from the model loader 40
to generate the appropriate overlay information. The ren-
derer 34 then sends overlay information to the display 12.
[0042] In some embodiments, a bar code or other in-
dicia may be used in conjunction with the markers to pro-
vide the AR system with initial information about the ob-
ject being viewed. While it should be understood that
such indicia may not always be available or visible, they
may provide useful startup information and may therefore
be used to speed up initial object recognition. Initial object
recognition is desirable for scalability and individual mo-
tion of the objects to augment with respect to each other.

7 8 



EP 2 030 193 B1

6

5

10

15

20

25

30

35

40

45

50

55

The object recognition allows one to configure the track-
ing so that it only has the constellation of LEDs that is
needed for this object, thereby to reduce processing time
and improve scalability. If this approach is not taken, a
global constellation can be used for all objects. However,
performance of the tracking will decrease as the number
of object grows. Those skilled in the art will recognize
several possible way to implement this recognition step.
One implementation is to configure the tracking system
with the constellation for all machines (called the global
constellation) at initialization or when the user moves
away from a specific machine (detected by the tracking).
When using the global constellation, the tracking produc-
es a position which maps to a specific machine position
in the global constellation frame of reference. Once this
machine is identified, the tracking can then be configured
with the sub-constellation which is only for the machine
of interest. Another implementation consists of using a
rough tracking system such as an RFID or th elike at-
tached to each machine allow the AR system to recognize
the machine of interest.
[0043] Since, as noted above, the AR system 10 may
be used in all sorts of environments, including for main-
tenance and repair of complex systems on board ships
and the like, those skilled in the art will realize and un-
derstand, upon reading this description, that the user of
such a system may be viewing an object to be repaired
from an unpredictable angle and/or location. In cases
where a bar code or other indicia are provided, the system
would be able quickly to determine which of many pos-
sible objects is being viewed. Additionally (or alternative-
ly) the spatial arrangement of the beacons or LEDs can
be used as an indicia. For example, a square=1, a trian-
gle=2 and so on.
[0044] In some embodiments, the marker(s) 20 may
comprise active LEDs which encode, e.g., in some mod-
ulated form, a signal providing an identification of the
object. Again, such information may allow for quicker rec-
ognition of the object by the AR system.
[0045] In yet other embodiments, the user may be pro-
vided with a keyboard or the like with which to enter initial
configuration information such as, e.g., an identification
of the object under view.
[0046] Those of skill in the art will realize and under-
stand, upon reading this description, that a computer-
generated image, overlaying a real-world view of an ob-
ject, will move when the object and/or user move relative
to each other. In this manner, the graphics will appear to
the user to stay in place on the real world object. This
updating of the computer-generated image preferably
occurs continuously. Those skilled in the art will under-
stand, upon reading this description, that the term "con-
tinuously", as used herein, means repeated in a contin-
uous manner. The actual appearance of the computer-
generated image may appear jerky or discontinuous if
the user and the object are moving a lot with respect to
each other. In such cases, the computer system may not
be able to keep the image precisely updated at all times.

[0047] Fig. 3 is an exemplary flowchart of the operation
of the AR system of Fig. 1. As shown in Fig. 3, first the
system recognizes the object being viewed (at 44). This
recognition may be performed by looking at the constel-
lation formed by the marker(s), as described above, or
using image recognition or some other approach.
[0048] Next, information about the object being viewed
is obtained (e.g., from a database) (at 46). This informa-
tion can consist, e.g., of an up to date model to overlay
on the machine, some updated instruction, the tracking
configuration to employ.
[0049] The system then determines the relative posi-
tion and orientation (i.e., the pose) of the user (actually,
the tracker/display) relative to the object (at 48), and dis-
plays appropriate information to the user (at 50). The
user’s position / orientation with respect to the object is
continuously tracked, and steps 48-50 are repeated as
necessary.
[0050] Those skilled in the art will realize and under-
stand, upon reading this description, that some or all of
these initial recognition techniques may be used in com-
bination, and further, that different and/or other tech-
niques may be used with initial object recognition.
[0051] Among its many advantages, the present sys-
tem does not rely on previously-seen views to infer in-
cremental changes in position and orientation. Instead,
in preferred embodiments, current position and orienta-
tion are recomputed each time. This approach allows the
system to cope with problems associated with occlusion
(which are encountered by system operating on prior in-
formation).
[0052] Those skilled in the art will realize and under-
stand, upon reading this description, that the AR system
described herein overcomes deficiencies in current AR
systems. An AR system as described has one or more
of the following advantages:

• it is wearable;
• it is not sensitive to varying or inexistent ambient

illumination;
• it is not sensitive to noise;
• it is not sensitive to motion of the object being viewed;
• it is not sensitive to surrounding metal or magnetic

field distortions in general;
• it does not need or use wire(s) for synchronization

between the user and the object being viewed;
• it does not need or use a tracking reference that is

added to the object to be viewed and is visible to
human eye;

• it does not rely on previously seen view to infer its
incremental change in position and orientation;

• it is light and small enough to be mounted on a user’s
head.

[0053] Those skilled in the art will realize and under-
stand, upon reading this description, that the AR sys-
tem/framework described has many applications. Some
contemplated applications of the AR system include:

9 10 
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[0054] Training for operation and maintenance of fixed
or moving instrument or apparatus, e.g.:

• Showing a user how to operate a machine in a plant;:
• Showing a user how to use a instrument panel and

steering controls in a tank;
• Showing a user the function of buttons and flight stick

in a plane or helicopter;
• Showing a user how to use the instrument panel in

a space ship or space station;
• Showing a user the function of each buttons on an

audio amplifier;
• Showing a user how to use something which is not

powered except for the power needed for the LEDs,
(e.g., a pallet or a weapon), or something that can
be carried in the hand or even mounted on the wrist.

[0055] In addition, the AR system described may be
used to provide information related to an instrument pan-
el or apparatus but that is not for training purpose. For
example, using feedback or data from sensors or the like,
the AR system may be used to highlight an instrument
panel module that requires attention because one of the
view meters or buttons of this panel is showing out of
normal value. Similarly, the AR system may be used to
show actual temperature data inside an enclosed com-
partment of a machine. For example, a machine’s tem-
perature could be determine by a sensor in the machine
and displayed on top of the machine using the AR system,
giving an indication to the user, perhaps even replacing
the indicator with a warning label on the machine itself
when looking from far. In this way, a repair person may
be provided with additional useful information about an
object.
[0056] Although the disclosure describes and illus-
trates various embodiments of the invention, it is to be
understood that the invention is not limited to these par-
ticular embodiments. Many variations and modifications
will now occur to those skilled in the art of augmented
reality. For full definition of the scope of the invention,
reference is to be made to the appended claims.

Claims

1. A framework (10) for use with a head-mounted dis-
play constructed and adapted to provide a user with
an augmented view of an object being viewed, being
an apparatus, a device, an instrument panel or a
machine, the framework comprising:

a tracking mechanism (18) constructed and
adapted to repeatedly determine the position
and orientation of the head-mounted display rel-
ative the object being viewed, particularly using
an inside-out tracking system, wherein the track-
ing system is constructed and adapted to deter-
mine its position using a plurality of active mark-

ers (20) located on the object being viewed; and
a computer system (14) constructed and adapt-
ed to provide information for the augmented
view and to repeatedly update the augmented
view of the object being viewed based, at least
in part, on the determined position and orienta-
tion of the display,
wherein the augmented view presents the infor-
mation so as to appear at a specific location rel-
ative to a specific part of the object,
wherein the augmented view of the object
presents the information at particular locations
relative to the object being viewed, and the in-
formation for the augmented view is mainte-
nance and repair information for the object.

2. A framework according to claim 1, wherein the head-
mounted display is a see-through display.

3. A framework according to one of the preceding
claims, wherein the head-mounted display is a video-
based display, an optical-based display, a mono-
scopic or a stereoscopic display.

4. A framework according to one of the preceding
claims, wherein each of the plurality of markers (20)
comprises light-emitting diodes (LEDs).

5. A framework according to claim 4, wherein at least
some of the LEDs are infra-red (IR) LEDs or ultra-
violet (UV) LEDs.

6. A framework according to claim 4 or 5, wherein the
LEDs emit invisible light.

7. A framework according to one of the preceding
claims, wherein the markers (20) are retroreflective
targets, the framework further comprising an illumi-
nation mechanism.

8. A framework according to one of the preceding
claims, wherein the tracking mechanism (18) com-
prises a camera, which is particularly connected to
the head-mounted display.

9. A framework according to claim 8, wherein the cam-
era uses an imaging sensor operating in a frequency
range that is invisible to humans, particularly from
infrared (IR) and ultraviolet (UV).

10. A framework according to one of the preceding
claims, wherein the tracking mechanism includes
one or more filters to filter out ambient illumination.

11. A framework according to one of the preceding
claims, wherein the object being viewed is selected
from a plurality of previously marked objects and in
particular computer-readable media storing informa-
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tion associated with said plurality of previously-
marked objects

12. A framework according to one of the preceding
claims, wherein the augmented view of the object
presents the information on the object being viewed.

13. A framework according to one of the preceding
claims, wherein the tracking mechanism (18) is con-
structed and adapted to substantially continuously
determine the position and orientation of the head-
mounted display relative to the objected being
viewed; and wherein the computer system (14) is
constructed and adapted to substantially continu-
ously update the augmented view of the object based
on the determined position and orientation of the dis-
play.

14. A framework according to one of the preceding
claims, wherein said information comprises condi-
tion information about a condition of the object and
wherein the augmented display includes that condi-
tion information at an appropriate location on the ob-
ject, and particularly the condition information com-
prises an internal temperature of the object.

Patentansprüche

1. Rahmen (10), zur Verwendung mit einer am Kopf
befestigten Anzeige, die so konstruiert und ange-
passt ist, dass sie einem Benutzer eine vergrößerte
Ansicht eines betrachteten Objekts bereitstellt, das
eine Vorrichtung, eine Einrichtung, eine Instrumen-
tentafel und eine Maschine sein kann, wobei der
Rahmen enthält;
einen Verfolgungsmechanismus (18), der so kon-
struiert und angepasst ist, dass er die Position und
Ausrichtung des kopfgetragenen Displays relativ
zum betrachteten Objekt wiederholt bestimmt, ins-
besondere unter Verwendung eines Inside-Out-Ver-
folgungssystems, wobei das Verfolgungssystem
konstruiert und angepasst ist, um seine Position un-
ter Verwendung einer Mehrzahl von auf dem be-
trachteten Objekt befindlichen Markierungen (20) zu
bestimmen; und
ein Computersystem (14), das konstruiert und an-
gepasst ist, um Informationen für die erweiterte An-
sicht bereitzustellen und die erweiterte Ansicht des
Objekts, das gerade betrachtet wird, wiederholt zu
aktualisieren, zumindest teilweise basierend auf der
bestimmten Position und Orientierung der Anzeige,
wobei die erweiterte Ansicht die Information darstellt
um an einer spezifischen Stelle relativ zu einem be-
stimmten Teil des Objekts zu erscheinen,
wobei die erweiterte Ansicht des betrachteten Ob-
jekts die Information an bestimmten Orten relativ zu
dem betrachteten Objekt präsentiert, und

die Information für die erweiterte Ansicht eine War-
tungs- und Reparaturinformationen für das Objekt
ist.

2. Rahmen nach Anspruch 1, wobei die am Kopf an-
gebrachte Anzeige eine Durchsichtanzeige ist.

3. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei das am Kopf zu montierende Display ein
videobasiertes Displays und optisch basiertes Dis-
play oder ein stereoskopisches Display ist.

4. Rahmen nach einem der vorhergehenden Ansprü-
che, bei dem jede der mehreren Markierungen (20)
Leuchtdioden (LEDs) aufweist.

5. Rahmen nach Anspruch 4, wobei mindestens einige
der LEDs Infrarot (IR) -LEDs oder Ultraviolett (UV)
-LEDs sind.

6. Rahmen nach Anspruch 4 oder 5, wobei die LEDs
unsichtbares Licht emittieren.

7. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei die Markierungen (20) retroreflektierende
Ziele sind, wobei der Rahmen ferner einen Beleuch-
tungsmechanismus umfasst.

8. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei der Verfolgungsmechanismus eine Ka-
mera umfasst, die insbesondere mit dem am Kopf
montierten Display verbunden ist.

9. Rahmen nach Anspruch 8, wobei die Kamera einen
Bildsensor verwendet, der in einem Frequenzbe-
reich arbeitet, der für Menschen unsichtbar ist, ins-
besondere vom Infrarot (IR) und Ultraviolett (UV)
-Bereich ist.

10. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei der Verfolgungsmechanismus einen
oder mehrere Filter zum Herausfiltern der Umge-
bungsbeleuchtung enthält.

11. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei das betrachtete Objekt aus einer Vielzahl
zuvor markierter Objekte ausgewählt ist und insbe-
sondere computerlesbare Medien, die Informatio-
nen speichern, die der Vielzahl von zuvor markierten
Objekten zugeordnet sind.

12. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei die erweiterte Ansicht des Objekts die
Information über das betrachtete Objekt darstellt.

13. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei der Verfolgungsmechanismus (18) kon-
struiert und angepasst ist, um im Wesentlichen kon-

13 14 



EP 2 030 193 B1

9

5

10

15

20

25

30

35

40

45

50

55

tinuierlich die Position und Ausrichtung der am Kopf
montierten Anzeige relativ zu dem betrachteten Ge-
genstand zu bestimmen; und
wobei das Computersystem (14) so aufgebaut und
angepasst ist, dass es im Wesentlichen kontinuier-
lich die erweiterte Ansicht des Objekts basierend auf
der bestimmten Position und Orientierung der An-
zeige aktualisiert.

14. Rahmen nach einem der vorhergehenden Ansprü-
che, wobei die Information Zustandsinformation
über einen Zustand des Objekts umfasst und wobei
die erweiterte Anzeige diese Zustandsinformation
an einer geeigneten Stelle auf dem Objekt enthält,
und insbesondere die Zustandsinformation eine In-
nentemperatur des Objekts umfasst.

Revendications

1. Structure (10) pour une utilisation avec un visiocas-
que conçu et adapté pour offrir à un utilisateur une
vue en réalité augmentée d’un objet observé, qui est
un appareil, un dispositif, un tableau de bord ou une
machine, la structure comprenant :

un mécanisme de suivi (18) conçu et adapté
pour déterminer de façon répétée la position et
l’orientation du visiocasque par rapport à l’objet
observé, notamment à l’aide d’un système de
suivi intérieur-extérieur, où le système de suivi
est conçu et adapté pour déterminer sa position
en utilisant une pluralité de marqueurs actifs (20)
placés sur l’objet observé ; et
un système informatique (14) conçu et adapté
pour fournir des informations pour la vue en réa-
lité augmentée et pour actualiser de façon ré-
pétée la vue en réalité augmentée de l’objet ob-
servé en se basant, au moins en partie, sur la
position et l’orientation déterminées du dispositif
d’affichage,
dans laquelle la vue en réalité augmentée pré-
sente les informations de façon à apparaître à
un emplacement spécifique par rapport à une
partie spécifique de l’objet,
dans laquelle la vue en réalité augmentée de
l’objet présente les informations à des emplace-
ment particuliers par rapport à l’objet observé,
et les informations pour la vue en réalité aug-
mentée sont des informations de maintenance
et de réparation pour l’objet.

2. Structure selon la revendication 1, dans laquelle le
visiocasque est un dispositif d’affichage transparent.

3. Structure selon l’une des revendications précéden-
tes, dans laquelle le visiocasque est un dispositif
d’affichage vidéo, un dispositif d’affichage optique,

un dispositif d’affichage monoscopique ou stéréos-
copique.

4. Structure selon l’une des revendications précéden-
tes, dans laquelle chaque marqueur de la pluralité
de marqueurs (20) comprend des diodes électrolu-
minescentes (LED).

5. Structure selon la revendication 4, dans laquelle au
moins certaines des LED sont des LED à infrarouge
(IR) ou des LED à ultraviolet (UV).

6. Structure selon la revendication 4 ou 5, dans laquelle
les LED émettent de la lumière invisible.

7. Structure selon l’une des revendications précéden-
tes, dans laquelle les marqueurs (20) sont des cibles
rétro-réfléchissantes, la structure comprenant en
outre un mécanisme d’éclairage.

8. Structure selon l’une des revendications précéden-
tes, dans laquelle le mécanisme de suivi (18) com-
prend une caméra, qui est notamment connectée au
visiocasque.

9. Structure selon la revendication 8, dans laquelle la
caméra utilise un capteur d’imagerie fonctionnant
dans une plage de fréquences qui est invisible pour
l’homme, notamment parmi l’infrarouge (IR) et l’ul-
traviolet (UV).

10. Structure selon l’une des revendications précéden-
tes, dans laquelle le mécanisme de suivi comporte
un ou plusieurs filtre(s) pour filtrer un éclairage am-
biant.

11. Structure selon l’une des revendications précéden-
tes, dans laquelle l’objet observé est choisi parmi
une pluralité d’objets préalablement marqués et en
particulier des supports lisibles par ordinateur stoc-
kant des informations associées à ladite pluralité
d’objets préalablement marqués.

12. Structure selon l’une des revendications précéden-
tes, dans laquelle la vue en réalité augmentée de
l’objet présente les informations sur l’objet observé.

13. Structure selon l’une des revendications précéden-
tes, dans laquelle le mécanisme de suivi (18) est
conçu et adapté pour déterminer de manière sensi-
blement continue la position et l’orientation du visio-
casque par rapport à l’objet observé ; et dans laquel-
le le système informatique (14) est conçu et adapté
pour mettre à jour de manière sensiblement continue
la vue en réalité augmentée de l’objet en se basant
sur la position et l’orientation déterminées du dispo-
sitif d’affichage.
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14. Structure selon l’une des revendications précéden-
tes, dans laquelle lesdites informations compren-
nent des informations de condition concernant une
condition de l’objet et dans laquelle l’affichage en
réalité augmentée comporte ces informations de
condition à un emplacement approprié sur l’objet, et
notamment les informations de condition compren-
nent une température interne de l’objet.
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