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Methods for teaching and instructing in a virtual world including multiple views
Abstract
Methods, systems and apparatus are provided for generating visual instruction to a user of a system, such as for
exercise instruction or rehabilitation purposes. Preferably, the system includes a user imaging system with the
system generating an output adapted to couple to a display device. The systems and methods serve to guide a
user body motion. In one preferred embodiment, the method includes the steps of receiving first user positional
information from the user imaging system, and then generating a first mirror image of the user positional
information. Additionally, the method includes generating a first instructional image having the same positional
orientation as the first mirror image of the user positional information. Finally, the method and system generate a
composite output display including the first mirror image of the user positional information and the first
instructional image.
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PRIORITY CLAIM
This application claims priority to and the benefit of U.S. Provisional Application No. 61/970,609, filed Mar. 26,
2014, entitled "Systems And Methods For Teaching And Instructing In A Virtual World Including Multiple
Views" (our Ref. 701,376-001), which is hereby expressly incorporated herein by reference in its entirety as if
fully set forth herein.
Claims

What is claimed:
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1. A method for providing visual instruction to a user of a system, the system including a user imaging system
and output adapted to couple to a display device to provide an output display to the user, including to guide user
body motion, comprising the steps of: receiving first user positional information from the user imaging system,
generating a first mirror image of the user positional information utilizing the first user positional information
from the user imaging system, generating a first instructional image having the same positional orientation as the
first mirror image of the user positional information, and generating a composite output display including the
first mirror image of the user positional information and the first instructional image, wherein the first mirror
image and first instructional image are non-overlapping and wherein the first mirror image is the sole image of
the user in the output display.
2. The method for providing visual instruction to a user of claim 1 further including a second instructional image
in a mirror image orientation to the first instruction image.
3. The method for providing visual instruction to a user of claim 2 wherein the second instruction image depicts
a different view of the first instruction image.
4. The method for providing visual instruction to a user of claim 3 wherein the different view comprises a back
side view of the first Instructional image.
5. The method for providing visual instruction to a user of claim 1 wherein the first mirror image of the user
positional information comprises an animated character.
6. The method for providing visual instruction to a user of claim 1 wherein the first mirror image of the user
positional information comprises an avatar.
7. The method for providing visual instruction to a user of claim 1 wherein the first instructional image
comprises an animated character.
8. The method for providing visual instruction to a user of claim 1 wherein the first instructional image
comprises an avatar.
9. The method for providing visual instruction to a user of claim 1 wherein the first instructional image is
provided in real time.
10. The method for providing visual instruction to a user of claim 1 wherein the user body motion includes limb
motion.
11. The method for providing visual instruction to a user of claim 1 wherein the user body motion includes
whole body motion.
12. The method for providing visual instruction to a user of claim 1 wherein the instruction comprises exercise
instruction.
13. The method for providing visual instruction to a user of claim 1 wherein the instruction comprises
rehabilitation instruction.
14. The method for providing visual instruction to a user of claim 1 wherein the imaging system includes a
camera.
15. The method for providing visual instruction to a user of claim 14 wherein the camera is a color camera.
16. The method for providing visual instruction to a user of claim 14 wherein the camera is a depth camera.
17. The method for providing visual instruction to a user of claim 1 wherein the output display further includes
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textual annotation.
18. The method for providing visual instruction to a user of claim 17 wherein the textual annotation relates to the
position of the instructional image.
19. The method for providing visual instruction to a user of claim 1 wherein an image is subject to dynamic state
change.
20. The method for providing visual instruction to a user of claim 19 wherein the dynamic state change includes
obscuring another image.
Description

FIELD OF THE INVENTION
Systems and methods are provided to generate display images to a user of the methods and systems for teaching
and instructing in a virtual world. More particularly, they relate to the use of multiple views in the display
images.
BACKGROUND OF THE INVENTION
Virtual worlds, those that recreate or represent real three dimensional (3D) space can be used as environments to
demonstrate, coach, and guide user body motion for the purposes of exercise and rehabilitation instruction.
These digital environments can employ the use of an animated character, or avatar, in addition to other on-screen
feedback to provide real time instruction and visual representation of motion. This motion specifically refers to
limb or body motion. Using various camera technologies, including both RGB and depth cameras, a second
`user` animation can be placed into the virtual 3D environment to provide side by side, preferably real time,
representation of real user limb and body motion, including physical orientation to the camera, real world
surroundings, and location within the virtual environment (including perceived interaction with virtual
elements).
Systems that employ virtual worlds that present motion instruction exhibit a common problem, namely it is
difficult for the user to understand how their movement in the "real" world links to their digital representation
(e.g. avatar, character, animation, etc.) in the "virtual" world. In particular, there can be difficulty determining
which limb characters in a virtual world are using. In many applications (such as video games), products resolve
this by "mirroring" the avatar (in the virtual world) with the player (in the real world). So when the player moves
their left arm, for example, the avatar will move their right, similar to the effect observed when individuals move
while watching their reflection in front of a mirror.
However, for more complex and/or clinically specific motions, this can be confusing for several reasons. First, if
people are unfamiliar with game conventions, they can notice that the avatar is instructing them to move the
"wrong" limb, that is, if the instruction is intended to have the user raise their right arm, the user raises their left
arm as a result of the instructional avatar using their left arm. Second, the patient may need to see multiple
angles of the digital avatar/coach to understand the motion properly. Third, for experiences using motiontracking cameras (e.g. the Microsoft Kinect), the user may have to stand orthogonal (at an angle) to the camera
so that their relevant limbs can be properly tracked. In those circumstances, the confusion can be greatly
exacerbated.
The systems and methods described herein provide a novel solution to these problems.
SUMMARY OF THE INVENTION
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Methods and apparatus are provided for generating visual instruction to a user of a system. Preferably, the
system includes a user imaging system with the system generating an output adapted to couple to a display
device. The systems and methods serve to guide a user body motion, such as for exercise instruction or
rehabilitation purposes. In one preferred embodiment, the method includes the steps of receiving first user
positional information from the user imaging system, and then generating a first mirror image of the user
positional information. Additionally, the method includes generating a first instructional image having the same
positional orientation as the first mirror image of the user positional information. Finally, the method and system
generate a composite output display including the first mirror image of the user positional information and the
first instructional image.
In yet another aspect of the inventions, the method additionally includes a second instructional image in a mirror
image orientation to the first instructional image. By way of example, this second image could comprise a view
of the back of the instructor whose front is depicted in the first instructional image. In this way, the display may
optionally include an image of the user, as well as both a front and back display for the instructional image.
The major components of this innovation are as follows. First, it provides synchronous multi-view animation
that show more than one point of view of the instructed motion in the virtual world. Second, it provides the use
of a virtual animated `mirror` that displays the additional angles of view and other feedback of the animated
avatar. Third, it provides representation of both the guiding animation and synchronized patient avatar within the
confines of the virtual mirror element. Fourth, it provides for dynamic state change of the mirror element as
needed depending upon the context of the instruction e.g. obscuration of the reflection, zoom in and out, other
image manipulation.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a display with a coach avatar in the foreground and the mirror portion obscured.
FIG. 2A shows a display with the coach avatar in the foreground, and the patient and coach avatar in the mirror.
FIG. 2B shows the image of FIG. 2 but including annotations.
FIG. 3A shows a display with a coach avatar, but with the patient image in a mirrored orientation.
FIG. 3B shows the display image of FIG. 3 but including annotations.
FIG. 4 shows a display unit showing a display image of a mirror version of the user's positional information, as
well as both a first instructional image having the same positional orientation as the first mirror image and a
second instructional image in a mirror image orientation to the first instructional image.
FIG. 5 shows the components of the overall system including the user position monitor and display.
DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 shows a display with a coach avatar 20 in the foreground and the mirror portion 22 obscured. The mirror
portion is shown bounded by a frame 24 as an optional aid for the user to appreciate that the image shown in the
mirror portion 22 is rendered as a mirror image of another object (e.g., the instructor and/or the user). This view
minimizes environmental distraction and focuses the patient on the information being conveyed by the exercise
coach. The terms instructor or coach are used interchangeably, and refer to the image intending to display the
desired action or position to the user of the system. This view is used when important information is being
conveyed to the patient prior to, in between or post exercise session. This view can be `zoomed` in to put more
focus on the coach's face as she is talking to the patient. Note that the mirror treatment may vary. For example,
the mirror portion is here shown in an extreme matte format so as to avoid providing `reflected` information that
is distracting or not necessary or useful for the user.
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FIG. 2A shows a display with the coach avatar 20 in the foreground, left had side of the display, and the patient
and coach avatar in the mirror region 22. This view helps to demonstrate to the patient the proper technique to
safely perform a clinician prescribed exercise. The position and actions of the instructional avatar depict the
backside of the instructional avatar in the foreground, and the frontside of the instructional avatar in the mirrored
display portion 22 of the display. This view is primarily used for instructing exercises and during the initial
repetitions of a patient exercising. Currently, when depth cameras render persons on a screen, the individual is
displayed in a mirrored version of themselves 28 and are displayed in the mirrored section 22 of the display. By
placing the coach avatar in the foreground and both the patient and coach avatar in the `mirror`, the system
shows the patient the proper body areas to move (ex. arm or leg) as it relates to their actual perspective in the
`real world`.
FIG. 2B shows the image of FIG. 2 but including annotations. Note the connection to the coach avatar's `right
hand` as it would be in `reality` (on the right of the body) and as it appears `mirrored` in the mirror (on the left
side of the body). This view helps the patient to understand that mirroring is occurring and helps to visually
inform them that they should sync their movements with the avatar in the foreground such that they appear
perfectly synced in the mirror. The annotations include specific identification of the avatar, identifying the
`avatar in foreground`, `avatar in mirror`, and identify the corresponding had of the avatar (`avatar right hand`).
A rendering 28 of the user or patient (the terms are used interchangeably herein). As shown, the user positional
information is used to generate a mirror image of the user, and then to provide a rendering 28 within the
mirrored portions 22 of the display. The system compares the user positional information with the desired
position and/or action as shown in the first instructional image. For example, if the user performs an action
exactly as shown by the instructional image, the instructional image and the user positional images would show
similarity of actions and positions. However, if the user does not accurately emulate the instructional image, the
differences between the desired instructional image position and/or action may be displayed to the user. For
example, if the instructional image is to perform a squat exercise, if the user does not move low enough as
determined by comparison of the user positional information with the action deemed in sufficient compliance by
the system, then the user will be instructed that their action does not qualify to count as a rep (repeat unit) of the
exercise. Optionally an overlay image 30, such as a box, may be used both in the foreground and then mirror
image 22 as an aid to the user to identify the user position in space and on the display.
FIG. 3A shows a display with a coach avatar 20, but with the patient image 28 in a mirrored orientation. This
state of the application is used once the patient has demonstrated competence in the exercise movement as it was
instructed and initiated in state of FIG. 2 (see above). Again, if the user positional information corresponds to the
position or range of positions or actions that are deemed compliant by the system, then the user is optionally
advised of the number of reps completed. As shown in FIG. 3, "0/3" or zero of the three required reps have been
performed.
FIG. 3B shows the display image of FIG. 3 but including annotations. The images have labeled as the `coach
avatar` 20 and `patient` or user 28. As shown in this figure, the patient has been represented as an avatar
identical to the coach avatar. The patient `look` may be in any form known to those skilled in the art, ranging
from photo realistic of the user, to an abstracted image, or avatar or cartoon image or the user, or of any arbitrary
image, avatar or cartoon.
FIG. 4 shows a display unit 10 showing a display image of a mirror version of the user's positional information
(as shown in FIG. 4), as well as both a first instructional image having the same positional orientation as the first
mirror image and a second instructional image in a mirror image orientation to the first instructional image.
FIG. 5 shows a perspective view of components of the overall system. A display device 10 is oriented toward a
user 12 of the system. A user imaging unit is oriented toward the user 12. The user imaging system preferably is
an imaging system capable of determining the spatial position of the user 12 in real time, preferably in color.
One or more (multiple) user imaging systems may be utilized. The processing system 16 is coupled to the user
imaging system(s) 14 to receive information relating to the user position and to compute the user positional
information. The processing system 16 may be preferably comprised of computer hardware and software to
perform the functions described herein. The processing system 16 compares the desired position as depicted by
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the first instructional image with the user positional information, such as to determine the differences between
the two positions, such as to determine whether the user is complying with the desired action as shown by the
first instructional image. The graphic to be rendered on the display device 10 is generated by the processing
system 16, and coupled to the display device 10 via the output 18.
Although the foregoing invention has been described in some detail by way of illustration and example for
purposes of clarity and understanding, it will be readily apparent to those of ordinary skill in the art in light of
the teachings of this invention that certain changes and modifications may be made thereto without departing
from the spirit or scope of the appended claims.
*****
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