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A real-time camera image of a student is displayed to the 

(73) Assignee; PERSONSL PT()_ L_L_C_ student While the student is performing a physical activity. 
The student can sWitch betWeen seeing his natural ?eld of 

(*) Notice; This is a publication of a continued pros- vieW and the live video image by refocusing his eyes. 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

Additionally, instructional information may be overlaid on 
the real-time video, thus enhancing the learning process. 
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VIDEO INSTRUCTIONAL SYSTEM AND METHOD 
FOR TEACHING MOTOR SKILLS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to video 
instruction, and more particularly, to a computer aided 
real-time local or remote video instructional system for 
teaching motor skills. 

DESCRIPTION OF THE RELATED ART 

[0002] Athletes commonly Watch pre-recorded videos of 
themselves in order to improve performance. For example, 
a golfer may record his golf sWing for later study in order to 
better understand mistakes made. 

[0003] Certain conventional training systems attempt to 
integrate video feedback With the actual performance of the 
activity more closely. For example, US. Pat. No. 5,249,967, 
to O’Leary et al., discusses a golf training device in Which 
video images are taken of a student during a golf sWing and 
displayed on a monitor in front of the student With overlaid 
template images of a master golfer. The student, by moving 
his head and looking at the video monitors, may see the 
video of himself along With an idealiZed training image of 
the master. Thus, the student receives nearly instant feed 
back on the progress of his sWing. 

[0004] Although the O’Leary patent provides rapid feed 
back to the student, it requires the student has to move his 
head aWay from the natural position of the golf sWing to see 
the instructional video, thereby disrupting the natural sWing. 
This draWback becomes even more pronounced When 
applied to sports other than golf, such as dance, in Which the 
student’s body may be completely turned aWay from the 
display. 

SUMMARY OF THE INVENTION 

[0005] One system consistent With the present invention 
for displaying a real-time image of the user comprises an 
image projection device in a ?xed position relative to a 
user’s eyes; and a video control system coupled to the 
projection device and causing the image projection device to 
display a real-time representation of the user. 

[0006] A method of teaching motor skills to a user con 
sistent With the present invention includes recording a 
real-time representation of the user; and displaying to the 
user, from a ?xed position relative to the user’s eyes, the 
real-time representation. 

[0007] Another system consistent With the present inven 
tion comprises a video mixer having ?rst and second video 
input ports and a video output port and a computer. The 
computer includes: a processor, a memory coupled to the 
processor, an input port coupled to the processor, and an 
output port coupled to the processor and the ?rst input port 
of the video mixer. Further, a a video camera transmits a 
video signal to the input port of the computer and the second 
input port of the video mixer; and a head-mounted display 
displays a video signal received from the output port of the 
video mixer. 

[0008] Another method consistent With the present inven 
tion, of overlaying an instructional signal on a real-time 
signal representing a person performing a physical act, 
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comprises the steps of: analyZing an image of the person; 
scaling a pre-stored instructional signal to correspond to 
physical dimensions of the image of the person as deter 
mined in the analyZing step; generating the real-time signal 
of the person performing the physical act; and combining the 
scaled instructional signal With the real-time signal to form 
a combined signal. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
several embodiments consistent With this invention and, 
together With the description, help explain the principles of 
the invention. In the draWings, 

[0010] FIG. 1 is a diagram of an instructional system 
consistent With a ?rst embodiment of the present invention; 

[0011] FIG. 2 is a diagram of an instructional system 
consistent With a second embodiment of the present inven 
tion; 

[0012] FIG. 3 is a conceptual block diagram illustrating 
interaction of hardWare and softWare components in the 
second embodiment; 

[0013] FIG. 4 is a How chart illustrating generation of golf 
instructional information for overlay on the real-time image 
of the student; 

[0014] FIGS. 5A-5C are illustrations of exemplary image 
frames of a video signal after insertion of overlay informa 
tion; 

[0015] FIG. 6 is an illustration of an exemplary image 
frame of a video signal after insertion of an model instruc 
tional signal; and 

[0016] FIG. 7 is a diagram of a remote instructional 
system consistent With a third embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0017] Reference Will noW be made in detail to embodi 
ments of the invention, examples of Which are illustrated in 
the accompanying draWings. Wherever possible, the same 
reference numbers Will be used throughout the draWings to 
refer to the same or like parts. 

[0018] Systems and methods consistent With the present 
invention, as described herein, display a live image of a 
student to the student While the student is performing a 
physical activity. The student can easily sWitch betWeen 
seeing his natural ?eld of vieW and seeing the live video 
image of himself merely by refocusing his eyes. The student 
can therefore gain insight into improving the performance of 
the physical activity, such as a golf sWing, during the 
physical activity. 

[0019] FIG. 1 is a diagram illustrating one system con 
sistent With the present invention. Video camera 101 records 
student 103. The video signal output from video camera 101 
is transmitted, in real-time, to head-mounted display 102 
Worn by student 103. Head-mounted-display (HMD) 102 
projects the video signal image seen by camera 101 onto the 
retinas of the student. 
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[0020] By changing eye focus, the student can alternate 
betWeen the students natural vieW (i.e., the end of the golf 
club) and the vieW from camera 101. In this manner, the 
student can “see herself,” in real-time, from the point of 
vieW of the camera, While continuing a natural golf sWing. 
Accordingly, the student may correct mistakes or alter her 
sWing based on the camera vieW as Well as her natural vieW. 

[0021] Head-mounted-display 102 is non-immersive, 
Which means that the student can see the real-World outside 
HMD 102. A suitable HMD is, for example, “I-Glasses,” 
made by i-O Display Systems LLC, of Menlo Park, Calif. 
HMDs other than the “I-Glasses” may, of course, also be 
used. Additionally, devices knoWn as heads-up-displays, or 
any other device that projects an image in a ?xed position 
relative to movement of the user’s head, may alternatively 
be used. 

[0022] FIG. 2 is a diagram of a system consistent With a 
second embodiment of the present invention. Video camera 
201 generates a video signal of a student and transmits the 
signal to signal splitter 202, Which splits the video signal 
into tWo identical output signals. Video mixer 205 receives 
one of the output signals, signal 221, and computer 204 
receives the other output signal (signal 220) at computer 
input port 206. Computer 204 generates its oWn video output 
signal, signal 222, Which is transmitted from output port 207 
to a second input of video mixer 205. 

[0023] Analog video input signal 220 may be digitiZed 
using a video capture board so computer 204 can process the 
input video signals as a sequence of digital frames. Digital 
frames from the computer may be converted back to an 
analog signal, such as signal 222, using a video conversion 
board. Alternatively, the video capture board and the video 
conversion board can be integrated as a single board. 

[0024] As mentioned, video mixer 205 receives an input 
video signal from signal splitter 202 and computer 204. 
Video mixer 205 combines these tWo video signals to create 
one corresponding video signal 223. Video signal 223 is 
input to HMD 102, and optionally, to monitor 214 of 
computer 204. To combine the tWo video signal so that both 
can be distinctly seen at HMD 102 or monitor 214, the video 
signal from computer 204 may be created With a darker 
background than video signal 221. When overlaid on video 
signal 221, the darker pixels contrast With video signal 221, 
alloWing the student to see either signal. 

[0025] HMD 102 displays input video signal 223 to its 
Wearer. HMD 102 includes a base portion 209 and a display 
portion 210. Both base portion 209 and display portion 210 
may be Worn by the student. Base portion 209 receives video 
signal 223, performs any necessary pre-processing on the 
video signal, such as splitting the signal into signals for each 
eye, and transmits the resultant signals to display portion 
210. Display portion 210 displays the signals to the user as 
video by projecting the signals, via miniature projectors, 
onto the retinas of the student’s eyes. 

[0026] In addition to video, the student may receive audio 
through HMD 102 via earphones 211 and audio input port 
212. As shoWn in FIG. 2, the audio input is generated by 
computer 204. Microphone 213 may be used to transmit 
audio to computer 204, Which, as described beloW in more 
detail, may be used to control computer 204 or may be 
forWarded to a remote computer instructor. 
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[0027] Output video signal 222 from computer 204 is 
based on input signal 220 and includes instructional infor 
mation that is to be superimposed at mixer 205 With the 
signal generated by camera 201. In this manner, computer 
204 enhances the quality of the instructional signal provided 
to the student. 

[0028] The generation of the instructional information by 
computer 204 Will noW be described in detail With reference 
to FIGS. 3-6. 

[0029] FIG. 3 is a conceptual block diagram illustrating 
interaction of hardWare and softWare components of com 
puter 204. Program control and synchroniZation section 301 
coordinates the operation of softWare components 302-304 
With hardWare components 310-314 and 214. Control sec 
tion 301 receives commands from the student or from a 
human instructor. The commands may be audio commands 
or commands entered through a more traditional computer 
interface device such as a keyboard, mouse, or touch screen. 
Audio commands are received through audio input port 310 
and interpreted by audio command interpreter 302, Which 
may be commercially available audio command interpreta 
tion softWare such as “Simply Speaking” from IBM corpo 
ration. 

[0030] Audio output port 311 converts digital sound to 
analog sound, Which is then heard by the student through 
earphones 211. Pre-generated video instructional informa 
tion is stored in database 303. The instructional information 
may include, for example, a video outline of a model golf 
sWing or video of a golf pro performing a model sWing. 

[0031] Video capture board 312 converts analog video 
input signals to digital video. The digital video signal may 
be encoded using a digital coding scheme such as MOV or 
AVI, and may be compressed using a codec such as MPEG1 
or MPEG2. Video output board 313 converts digital video to 
analog video suitable for display on HMD 102. 

[0032] Video analysis section 304 analyZes the digital 
video and transmits and forWards results of its analysis to 
video output port 313 or to computer monitor 214. Video 
analysis section 304 may process the input video images 
received from video capture board 312 in a number of Ways, 
including: (a) highlighting a particular feature of the student 
(e.g., an extended arm); (b) extracting information from the 
video signal such as club speed, acceleration, angle, or 
deviation from a target location; or (c) transformation of 
club acceleration or speed into audio signals. Preferably, the 
analysis is done in real time so that output signal 222 is 
mixed at video mixer 205 With the corresponding images of 
video signal 221. Information extracted from the video 
signal, such as the speed of the club head, may be displayed 
to the student through HMD 102 or monitor 214. Alterna 
tively, When transforming the club speed into audio, an 
indication of the club speed may be given to the student 
through earphones 211 While the student is looking at the 
golf ball. 

[0033] In addition to processing video images from video 
capture board 312, analysis section 304 may also process the 
instructional signal from database 303. For example, When 
the instructional signal from database 303 is an outline of a 
human performing a model golf sWing to be overlaid on the 
image of the student, analysis section 304 ?rst analyZes the 
input video signal of the student to determine the appropriate 
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size and positioning of the outline to be added to the 
real-time images of the student and then appropriately scales 
the overlay image. When the instructional signal from 
database 303 is a full video signal of a real-life human 
instructor placed in a corner of the real-time image, analysis 
section 303 may reduce the instructional signal to the 
appropriate siZe and place it in an appropriate location of the 
video out signal. 

[0034] The input video signal may be stored in storage 
media 314 and later played back to the student, either on the 
computer monitor or at HMD 102. Video storage media 314 
may be a magnetic storage disk or an optical storage disk. 
Analysis section 304 may additionally alloW the student to 
perform various standard video playback functions such as 
sloW motion playback, reverse playback, or freeZe frame. 
The student may control playback using either standard 
computer input devices such as a pointing device or the 
keyboard, or through voice commands. 

[0035] FIG. 4 is a How chart illustrating generation of golf 
instructional information for overlay on the real-time image 
of the student. The student selects the golf sWing or part 
thereof to learn (step 401). Video analysis section 304 
pre-analyZes an image of the student, taken by camera 201, 
and accordingly determines scaling and positional param 
eters for the instructional signal (step 402). The scaling and 
positional parameters are used by analysis section 304 
during real-time playback to modify the instructional signal 
from database 303 so that it is correctly positioned in the 
video signal displayed to the student. When the student 
begins the golf sWing (step 403), the instructional informa 
tion is read from database 303, scaled by analysis section 
304, and mixed With the real-time video signal supplied to 
HMD 102 (step 404). Alternatively, the scaling and reading 
from database 303 are performed before the student’s sWing 
and the results stored in memory. 

[0036] FIGS. 5A-5C are illustrations of exemplary image 
frames of video signal 223 after having overlay information 
inserted pursuant to the methods shoWn in FIG. 4. While it 
is dif?cult to get a sense of the video movement from the 
static representation shoWn in FIGS. 5A-5C, one should 
imagine the video ?oWing smoothly through frames 502, 
504, and 506. As shoWn in frame 502, the actual image of 
student 510 sWinging a golf club is superimposed With 
computer generation 512 of the golf club, Which shoWs the 
ideal position of the golf club. 

[0037] FIG. 6 is an illustration of video signal 223 con 
sistent With another aspect of the instruction signal. Video 
area 602 is a video signal of a professional pro performing 
a model sWing. Signal 602 is located in a corner of main 
video area 604, Which is the real-time signal of the student. 
In this manner, the student can easily see both the camera 
vieW of himself and the professional. 

[0038] The above-described user feedback signals gener 
ated by computer 204 are exemplary. Other feedback signals 
directed to a Wide variety of training techniques may, of 
course, also be used. For example, feedback signals directed 
to the Way in Which the user addresses the ball or the user’s 
stance may also be generated by computer 204. 

[0039] Although not shoWn in the embodiment of FIGS. 
1 and 2, cameras 101 and 201 may include an optional 
three-dimensional lens attached to its end. A suitable lens is 
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the “Nu-View”, made by 3-D Video Inc., of Santa Barbara, 
Calif. The three-dimensional lens separates the output video 
signal into left and right vieWs, providing a stereoscopic 
three-dimensional video image. The left and right vieWs may 
then be displayed to the left and right eyes of the student 
through HMD 102. 

[0040] The previously described instructional system may 
also be adapted for remote instruction in Which an instructor 
is located at a distant location. Aremote instructional system 
is illustrated in FIG. 7. 

[0041] NetWork 701 couples instructor location 702 to 
student location 703. HMD 710, video camera 711, and 
computer 712 assist a student (not shoWn) in learning motor 
skill in the manner similar to that described in the previous 
embodiments. HoWever, instead of or in addition to receiv 
ing feedback from softWare stored at computer 712, the 
student may also receive feedback from remote instructor 
location 702. The student may communicate With instructor 
720 through microphone 713 or by entering information into 
computer 712. Video signals from camera 711 are forWarded 
to the instructor’s computer, computer 721, by computer 
712, Where they may be vieWed by the instructor. Computer 
721 includes monitor 723 for displaying information. 

[0042] Instructor 720, While vieWing the student on the 
display of computer 721, may communicate With the student 
through textual or graphical comments entered at computer 
721. For example, instructor 720 may draW visual annota 
tions on selected images of the student’s golf sWing. The 
annotated images are then vieWed by the student either 
through HMD 710 or the monitor of computer 712. Alter 
natively, the instructor may verbally instruct the student 
using microphone 722. The verbal instructions are input to 
computer 721, Where they are digitiZed and transmitted to 
the student. Instructor 720 may also Wear a head-mounted 
display, alloWing the instructor to see the student Without 
having to look at display 723. 

[0043] Although the above motor skill instructional sys 
tems Were primarily described With reference to a golf 
instructional system, one of ordinary skill in the art Will 
recogniZe that concepts consistent With the present invention 
are not limited to golf instruction, but can be applied to any 
physical activity or movement. 

[0044] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
present invention Without departing from the scope or spirit 
of the invention. For example, although the instructional 
systems Were described With an analog video camera and 
analog video signals, With appropriate components, such as 
a digital video camera, a digital HMD, and a digital bus such 
as the IEEE-1394 digital bus, the described instructional 
systems could be implemented as a completely digital 
system, thus eliminating the need to convert betWeen digital 
and analog signals. 

[0045] Other embodiments of the invention Will be appar 
ent to those skilled in the art from consideration of the 
speci?cation and practice of the invention disclosed herein. 
It is intended that the speci?cation and examples be con 
sidered as exemplary only, With the true scope and spirit of 
the invention being indicated by the folloWing claims. 
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What is claimed: 
1. A system for displaying a real-time image of a user, 

comprising: 
an image projection device in a ?xed position relative to 

the user’s eyes; and 

a video control system coupled to the projection device 
and causing the image projection device to display a 
real-time representation of the user. 

2. The system of claim 1, Wherein the video control 
system includes means for superimposing an instructional 
signal on the real-time representation of the user. 

3. The system of claim 1, further comprising 

a computer, coupled to the video control system, for 
generating a instructional signal. 

4. The system of claim 3, Wherein the system includes 

a video mixer for combining the real-time instructional 
signal and a video signal corresponding to the real-time 
representation of the user. 

5. The system of claim 4, further comprising 

a video camera coupled to the video miXer for generating 
the real-time video signal. 

6. The system of claim 1, Wherein the image projection 
device includes 

support means to alloW the user to Wear the image 
projection device. 

7. The system of claim 6, Wherein the image projection 
device includes a head-mounted display device. 

8. The system of claim 7, Wherein the head-mounted 
display device includes spectacles With a transparent lens 
portion. 

9. The system of claim 3, Wherein the computer includes 
means for scaling the instructional signal to correspond to 
the determined siZe of the user. 

10. The system of claim 3, Wherein the computer includes 
computer instructions for analyZing the representation of the 
user and modifying the instructional signal, in real-time, 
based on the analysis. 

11. The system of claim 2, Wherein the projection device 
includes ?rst and second component projection devices, the 
?rst component projection device associated With the right 
eye of the user and the second component projection device 
associated With the left eye of the user. 

12. The system of claim 3, Wherein the real-time repre 
sentation of the user and the superimposed instructional 
signal displayed on the ?rst and second projection devices 
correspond to complementary images in a stereoscopic 
video signal. 

13. The system of claim 1, further including a second 
image projection device Worn by an instructor, the second 
image projection device displaying the real-time represen 
tation of the user. 

14. The system of claim 2, further including a second 
image projection device Worn by an instructor, the second 
image projection device displaying the real-time represen 
tation of the user and the superimposed instructional signal. 

15. The system of claim 13, Wherein the instructor is 
located at a remote location from the user. 

16. The system of claim 14, Wherein the instructor is 
located at a remote location from the user. 

17. The system of claim 3, Wherein the projection device 
includes an audio input port, and Wherein the computer 
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further includes an audio output port through Which the 
computer transmits audio information to the audio input port 
of the projection device. 

18. The system of claim 3, Wherein the projection device 
includes an audio input port and a microphone, the audio 
input port receiving audio information from the computer 
and the microphone transmitting spoken commands to the 
computer, the spoken commands being directed to the 
computer and interpreted by the computer. 

19. Amethod of teaching motor skills to a user comprising 

recording a real-time representation of the user; and 

displaying to the user, from a ?Xed position relative to the 
user’s eyes, the real-time representation. 

20. The method of claim 19, further comprising the step 
of 

superimposing a video signal having instructional infor 
mation in the real-time representation. 

21. The method of claim 19, Wherein displaying includes 

displaying the real-time representation and the superim 
posed video signal through a head-mounted display. 

22. The method of claim 19, further including, 

generating the instructional signal to correspond to ide 
aliZed user movement. 

23. The method of claim 19, further comprising 

generating a real-time video signal of the user; and 

combining the generated video signal With the instruc 
tional information to obtain an integrated video signal; 
and 

feeding the integrated video signal to a display device. 
24. The method of claim 19, further including 

scaling the instructional signal to correspond to the siZe of 
the user. 

25. The method of claim 19, further including the step of 

providing audio information in parallel With the superim 
posed video instructional signal. 

26. The method of claim 19, further comprising the step 
of 

generating the superimposed video instructional signal 
using computer instructions and data. 

27. The method of claim 26, Wherein the computer 
instructions and data are stored locally to the user. 

28. The method of claim 25, further including the step of 

generating the audio information and the superimposed 
video signal based at least partially on information 
provided by a human instructor located at a location 
remote to the user. 

29. A system comprising: 

a video miXer having ?rst and second video input ports 
and a video output port; 

a computer including 

a processor, 

a memory coupled to the processor, 

an input port coupled to the processor, and 

an output port coupled to the processor and the ?rst 
input port of the video miXer; 
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a video camera for transmitting a video signal to the input 
port of the computer and the second input port of the 
video mixer; and 

a head-mounted display for displaying a video signal 
received from the output port of the video mixer. 

30. The system of claim 29, further including a signal 
splitter coupled betWeen the video camera, and the computer 
and the second input port of the video miXer. 

31. The system of claim 29, the input port further includ 
ing 

a video capture card. 
32. The system of claim 29, Wherein 

the computer further comprises an audio input/output 
port; and 

the heads-up display further comprises an audio input/ 
output port. 

33. A method of overlaying an instructional signal on a 
real-time signal representing a person performing a physical 
act, the method comprising: 
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analyZing an image of the person; 

scaling a pre-stored instructional signal to correspond to 
physical dimensions of the image of the person as 
determined in the analyZing step; 

generating the real-time signal of the person performing 
the physical act; and 

combining the scaled instructional signal With the real 
time signal to form a combined signal. 

34. The method of claim 33, further including 

displaying the combined signal using a head-mounted 
display. 

35. The method of claim 33, further including the step of 
analyZing the real-time signal of the person performing the 
physical act to determine physical parameters of the real 
time signal. 

36. The method of claim 35, Wherein the physical param 
eter includes head speed of a golf club. 

* * * * * 


