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(57) ABSTRACT 

A method for interaction of an image With full body move 
ment, including the steps of providing an image to a person 
With a movement disorder from a display device mounted on 

such person’s body, receiving signals related to voluntary 
and involuntary movements of such person’s body, such 
signals received by a receiving device mounted on such 
person’s body, adapting such image according to such 
received signals, and providing such adapted image to such 
person Where such adapted image enables such person to 
adjust such body movement. 
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FIG.1B 
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OPEN-LOOP CLOSED-LOOP PERCENTAGE 
PAT'ENT D'SPLAY OFF SYSTEM SYSTEM CHANGE 

STRIDE STRIDE STRIDE STRIDE 
NAME AGE YD HY SPEED LENGTH SPEEDLENGTHSPEED LENGTH SPEED LENGTH 

YT 74 4 2 0.884 0.465 1.063 0.541 1.107 0.571 25.3% 22.9% 

ST 72 2 2 0.637 0.339 0.738 0.370 0.772 0.385 21.2% 13.5% 

JL JL 1 2 0.845 0.435 1.056 0.556 1.272 0.667 50.5% 53.3% 

MM 67 20 3 0.416 0.256 0.575 0.417 0.535 0.392 28.5% 52.9% 

BK 61 2 2.50.784 054109180556 0.855 0.588 9.1% 8.8% 

JS 66 15 4 0.314 0.168 0.073 0.111 0.339 0.220 8.0% 30.7% 

SM 61 15 3 0.686 0.323 0.887 0.400 0.820 0.408 19.5% 26.5% 

MF 76 5 4 0.774 0.388 1.144 0.488 0.907 0.426 17.2% 9.6% 

YN 73 ‘11 3 0.695 0406 0.8810444 0.791 0.417 13.8% 2.1% 

ES 57 3 2 0.620 0.385 0.907 0.500 0.887 0.488 43.0% 26.8% 

MR 73 10 3 1.038 0.555 0.855 0.476 0.888 0.500 —14.5% —9.9% 

AR 82 20 4 0.508 0.339 0.6012000 0.590 0.385 16.0% 13.5% 

JJ 59 10 4 0.773 0.435 0.864 0.488 0.895 0.488 15.9% 12.2% 

NM 57 13 4 0.403 0.154 0.243 0.140 0.668 0.351 65.5% 12.8% 

MEAN68.219.363.040.642 0.357 0.765 0.539 0.803 0.445 25.7% v30.8% 

STD 8.176.640.840.181 0.112 0.318 0.462 0.241 0.116 17.2% 33.2% 
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METHOD OF PROVIDING IMAGES TO A PERSON 
WITH MOVEMENT DISORDER 

CROSS-REFERENCES TO OTHER 
APPLICATIONS 

[0001] This application is a continuation of prior US. 
application Ser. No. 09/631,292, ?led on Aug. 2, 2000 
entitled “Closed Loop Augmented Reality Apparatus”, and 
claims the bene?t of US. Provisional Patent Application 
60/182,026, ?led on Feb. 11, 2000, Which is incorporated in 
its entirety by reference herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a closed-loop aug 
mented reality system for assisting people With motion 
disorders. 

BACKGROUND OF THE INVENTION 

[0003] Certain neurological disorders, such as those asso 
ciated With Parkinson’s Disease (PD), are knoWn to cause 
both motor and visual impairments. These impairments may 
include tremor, motor ?uctuations, and involuntary arm, leg 
and head movements. In addition, patients With these dis 
orders may have trouble initiating and sustaining movement. 
While people With such disorders have distorted visual 
feedback effects, they are even more dependent on such 
feedback than healthy people. 

[0004] US. Pat. No. 5,597,309 describes a method for 
stimulating and sustaining ambulation in Parkinson’s 
patients by creating virtual visual cues. The method, hoW 
ever, is based only on open-loop visual cue presentation, 
Wherein initiating and sustaining cues are given at prede 
termined speeds using an image-generating device. 

SUMMARY OF THE INVENTION 

[0005] There is provided, in accordance With an embodi 
ment of the present invention, an apparatus for adaptive 
image generation. The apparatus includes at least one non 
radiating sensor, mountable on a body, for detecting body 
movements and producing signals related to the body move 
ments, and a processor con?gured to receive the signals and 
generate an image, Wherein the generated image is adapted 
according to the detected body movements. 

[0006] The processor may include a ?ltering unit for 
?ltering noise from the received signals, the unit having an 
adaptive ?ltering element, and an image generator for pro 
viding the generated and adapted images from the ?ltered 
and received signals. The ?ltering unit may include linear 
elements and non-linear elements, and may be a neural 
netWork. 

[0007] In one embodiment, the non-radiating sensor is an 
accelerometer. There may be tWo sensors for producing 
signals related to movement of a head and body. The 
generated image may include a geometric pattern, such as a 
tiled ?oor or parallel stripes, or it may include a vieW from 
real life. 

[0008] There is also provided, in accordance With an 
alternative embodiment of the present invention, an appa 
ratus for augmented reality, Which includes at least one 
sensor mountable on at least one part of a body for produc 
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ing signals from movements of a body part, and a processor 
for adapting an augmented image based only on the pro 
duced signals. 

[0009] There is also provided, in accordance With an 
alternative embodiment of the present invention, a system 
for adaptive augmented or virtual reality Which includes at 
least one non-radiating sensor, mountable on at least one part 
of a body, for detecting body movements and producing 
signals related to the body movements, a processor con?g 
ured to receive the signals and generate an image Which is 
adapted according to the detected body movements, and a 
display for displaying the generated and adapted images. 
The system provides closed-loop biofeedback for adaptation 
of body movements. 

[0010] There is also provided, in accordance With an 
alternative embodiment of the present invention, an appa 
ratus for treating a movement disorder. The apparatus 
includes at least one sensor, mountable on a body, for 
detecting body movements and producing signals related to 
the body movements, and a processor con?gured to receive 
the signals and generate an image, Wherein the generated 
image is adapted according to the detected body movements. 

[0011] There is also provided, in accordance With an 
alternative embodiment of the present invention, a system 
and method for reducing involuntary movement artifacts 
from a signal, including a voluntary movement processor for 
?ltering a voluntary movement signal representative of a 
voluntary movement having involuntary movements 
therein, an adaptive involuntary movement processor for 
adaptively ?ltering a vertical motion signal, and a subtractor 
for subtracting the involuntary movements from the volun 
tary movement signal to produce a reduced artifact signal. 
The adaptive involuntary movement processor adapts its 
processing using the reduced artifact signal. 

[0012] Involuntary movement may include tremor or other 
unWanted movements. Voluntary movement may include 
Walking or other full body movements such as turning, 
running, etc. 

[0013] There is also provided, in accordance With an 
alternative embodiment of the present invention, a method 
for interaction of an image With body movement, including 
the steps of providing an image to a person, receiving signals 
related to movements of the person, adapting the image 
according to the received signals, and providing the adapted 
image to the person, Wherein the adapted image enables the 
person to adjust body movements. 

[0014] The steps may be performed repeatedly so as to 
provide continuous assistance of body movement. The 
image may be virtual or augmented. Interaction may include 
therapy, recreational activities (sports, seX, etc.) or physical 
assistance. 

[0015] There is also provided, in accordance With an 
alternative embodiment of the present invention, a method 
for treating a movement disorder, including the steps of 
providing an image to a person, receiving at least one signal 
from the person, ?ltering unWanted noise from the signal, 
adapting the image based on the received and ?ltered signal, 
and providing the adapted image to the person, Wherein the 
adapted image enables the person to adjust body move 
ments. 
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[0016] There may be, for example, tWo signals received 
from the person—one from the head and one from the body. 
The step of ?ltering may be accomplished using a ?ltering 
unit having an adaptive ?ltering element. The method may 
also include the step of measuring a Walking parameter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The present invention Will be understood and 
appreciated more fully from the folloWing detailed descrip 
tion taken in conjunction With the appended draWings in 
Which: 

[0018] FIGS. 1A and 1B are schematic illustrations of a 
user Wearing one embodiment of the present invention; 

[0019] FIGS. 2A and 2B are illustrations of images 
vieWed by the user of FIGS. 1A and 1B; 

[0020] FIG. 3 is a block diagram illustration of a proces 
sor; 

[0021] FIG. 4 is a block diagram illustration of one 
component of the processor of FIG. 3 in greater detail; 

[0022] FIG. 5 is a block diagram illustration of another 
component of the processor of FIG. 3 in greater detail; 

[0023] FIG. 6 is a block diagram illustration of open-loop 
and closed-loop control; and 

[0024] FIG. 7 is a table shoWing results from tests per 
formed using one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0025] The proposed invention creates an adaptive aug 
mented reality of motion over a virtual image, such as a tiled 
?oor. The system is portable, and can be used for a variety 
of therapeutic, healing, assistive, or recreational activities. It 
uses non-radiating sensors, such as accelerometers, Which 
directly measure movements of the body. It is particularly 
useful for treating diseases With motion impairment, such as 
Parkinson’s Disease (PD), by providing closed-loop bio 
feedback for gait initiation, sustainment and stabiliZation. 

[0026] Reference is noW made to FIGS. 1A and 1B, 
Which illustrate one embodiment of the system on a user’s 
body. FIG. 1A shoWs an overvieW of the entire system, and 
FIG. 1B shoWs a detailed vieW of a portion of the system. 
The adaptive augmented reality apparatus, generally refer 
enced 50, is portable and generally self-contained, and 
comprises a head-mounted assembly 52 and a body 
mounted assembly 54. Head-mounted assembly 52, com 
prising a sensor 60A and a display 64, is attached to a pair 
of glasses 40. Glasses 40 may be standard eyeglasses, With 
display 64 and sensor 60A attached by, for example, clips. 
Sensors 60A and 60B are non-radiating sensors, such as 
accelerometers. Other types of non-radiating sensors may be 
used as Well. 

[0027] Display 64 overlays a portion of one lens of glasses 
40, protruding out approximately 1 cm past the lens plane, 
as shoWn in FIG. 1B. Display 64 is a small (for example, 1 
cm><1 cm) piece, situated directly in front of one eye 41. In 
this Way, display 64 is close enough to eye 41 to alloW the 
user to see a full vieW image on display 64 Without obscur 
ing any vieW of the surroundings. Display 64 may be, for 
example, a liquid crystal display (LCD). 
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[0028] Alternatively, integrated eyeglasses may be used, 
Where display 64 is already incorporated Within glasses 40. 
Such integrated glasses are available from, for example, 
i-glasses LC Model #500881, i-O Display Systems, LLC, 
Menlo Park, Calif. USA; or The MicroOptical Corporation, 
WestWood, Mass. USA. Display 64, Whether located inter 
nally or externally to glasses 40, is equipped With VGA or 
video connectors (not shoWn). 

[0029] Sensor 60A is, for example, a tilt sensor such as 
Model #CXTILT02E or Model #CXTA02, available from 
CrossboW Technology, Inc., San Jose, Calif. USA, used to 
measure tilt of the head With respect to the vertical. Alter 
natively, sensor 60A may be a sensor that can detect other 
movements as Well as head tilt, such as a 3-axis accelerom 
eter. 

[0030] Head-mounted assembly 52 is connected to body 
mounted assembly 54 by Wires 42, as shoWn in FIG. 1A. 
Alternatively, Wireless connection is possible as Well. Body 
mounted assembly 54 comprises a processor 62 and a 3-axis 
accelerometer 60B, for example, translational accelerometer 
Model #CXL04M3 (CrossboW Technology, Inc., San Jose, 
Calif. USA). 

[0031] Body-mounted assembly 54 may be con?gured in 
a box of a reasonable siZe for a person to Wear, for example, 
but not limited to, one having dimensions 7><12><3 cm. 
Body-mounted assembly 54 is preferably attached to a belt, 
but may be connected to the body in any number of Ways 
such as by a chest strap, adhesive, or other connecting 
device. 

[0032] Reference is noW made to FIGS. 2A and 2B, 
Which shoW examples of images vieWed by the user While 
Wearing system 50. The image displayed in FIG. 2A is 
adapted during movement and shoWn in FIG. 2B. FIG. 2A 
shoWs a virtual tiled ?oor image as displayed to the user 
during normal Walk. The ?oor moves as the user Walks, in 
an opposite direction as depicted by arroW 43, to simulate a 
real ?oor as it appears to someone Walking. If the user 
stumbles or falls forWard, an image such as the one shoWn 
in FIG. 2B is displayed to the user, to simulate the actual 
vieW of a real tiled ?oor during stumble or fall. The image 
is continuously adapted to the motions of the user to create 
more realistic dynamics of the virtual World vieWed by the 
patent. Consequently, the virtual ?oor vieWed by the user 
moves only during actual motion, at a rate equal to this 
motion, as in real life. This enables the user to Walk at his 
or her oWn pace, Which may be variable and governed by 
individual motion characteristics. 

[0033] Thus, the tiles as shoWn in FIG. 2B expand as the 
user looks doWn or stumbles, and contract as he picks up his 
head and looks farther aWay, as in real life. Inner arroWs 45 
indicate directions of movement of the edges of the tiles in 
response to the falling motion. Thus, the ?oor expands While 
still in motion. Furthermore, as the user turns around, the 
image turns in the other direction, as in real life. This feature 
is of particular importance for PD patients since a high 
number of these patients experience considerable dif?culties 
turning around. These real life effects give the patient 
needed biofeedback signals for stabiliZation and safer 
motion. 

[0034] It Will be appreciated that the image is not 
restricted to tiled ?oors, and may include other geometric 
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patterns, such as parallel stripes. In addition, other images 
may be generated, such as vieWs from real life (i.e. outdoors 
in a park or the like). The image may be a virtual image, in 
Which the outside World is blocked out, or it may be an 
augmented image, in Which the image is superimposed onto 
the person’s vieW of the real World. 

[0035] Reference is noW made to FIG. 3, Which shoWs 
details of processor 62 located Within body-mounted assem 
bly 54. Processor 62 may be a Wearable computer or a 
microprocessor. Input data to processor 62 is obtained from 
sensors 60A and 60B at input ports 74A and 74B, respec 
tively, and output data from processor 62 is sent to display 
64 through output port 72. 

[0036] Signals may be, but are not limited to, proportional 
direct current (DC), and indicate some motion parameter. 
For eXample, signals may contain acceleration data that is 
later converted to velocity data. Alternatively, signals may 
relate to an angle of head tilt, or other body movements. 
Signals from processor 62 to display 64 may be analog video 
signals, for eXample, PAL or NTSC, or they may be digital 
(e. g. VGA) signals. Conversion from analog to digital (A/D) 
or from digital to analog (D/A) may either be performed 
Within processor 62, or external to processor 62 using a 
converter. 

[0037] Processor 62 includes at least tWo components: a 
?ltering unit 48, and an image generator 40. Filtering unit 48 
?lters signals received at input port 74B from sensor 60B. 
Signals from sensor 60A relating to movements other than 
head tilt may be ?ltered as Well, as shoWn by dashed lines. 
Filtering eliminates unWanted components from the sensor 
signals, such as tremor, motor ?uctuations and involuntary 
arm, leg and head movements, as described in further detail 
beloW. Image generator 40 then incorporates ?ltered data, as 
Well as signals received directly from sensor 60A at input 
port 74A, and translates the received and ?ltered propor 
tional signals into rates and degrees of motion of the 
displayed virtual ?oor. Image generator 40 then adapts the 
base image (such as the one shoWn in FIG. 2A) according 
to the generated rate and degree of motion information. 
Adapted images are sent through output port 72 to display 64 
to be vieWed by the user. 

[0038] Reference is noW made to FIG. 4, Which is a block 
diagram illustration of a ?ltering component 45 of ?ltering 
unit 48, used for ?ltering tremor, and other unWanted 
motions. Each ?ltering component 45 in ?ltering unit 48 is 
used for ?ltering signals related to motion in one particular 
aXis or direction. Thus, ?ltering unit 48 may have one or 
several ?ltering components 45, depending on the number of 
aXes of movement being measured. 

[0039] First, noisy sensor data are generally cleaned by 
?ltering. Signals relating to vertical movement (up/doWn), 
representing tremor and other involuntary movements, are 
then subtracted from signals relating to translational move 
ment (forward/back or side/side) or other voluntary move 
ments. In this Way, both noise from signals and unWanted 
motions and tremor are ?ltered out. 

[0040] Filtering unit 48 has an upper path 47 and a loWer 
path 49. Upper path 47 is used for cleaning signals from 
voluntary movement. This may include translational, rota 
tional, or other movements, Which may be measured, for 
eXample, using a 3-aXis accelerometer. Lower path 49 is 

Sep. 2, 2004 

used for eliminating tremor and involuntary movement, 
based on receipt of vertical (up/doWn) movements. Vertical 
movements may also be obtained from a 3-aXis accelerom 
eter, or by other measuring means. 

[0041] In upper path 47, a linear ?ltering element 76 is 
used to clean signals in one aXis, for eXample, forWard 
acceleration, from voluntary movement or another voluntary 
movement in one aXis, for eXample, forWard acceleration. 
Output is related to input by the folloWing equation: X1(l)= 
Zakv1(i-k) for k=1 . . . K, Where v1(i) and X1(i) are the input 
and output to linear ?ltering element 76 at time i, respec 
tively, and ak are Weights. 

[0042] In loWer path 49, an adaptive linear ?ltering ele 
ment 77 is used. Adaptive linear ?ltering element 77 is, for 
eXample, S-dimensional, and is similar to one proposed by 
WidroW B. and Winter R for a linear adapter noise canceller 
in “Neural nets for adaptive ?ltering and adaptive pattern 
recognition”, Computer 21(3): p. 25, 1988, incorporated 
herein by reference in its entirety. Similar to linear ?ltering 
element 76, output is related to input by the folloWing 
equation: X2(i)=Zbkv2(i-k) for k=1 . . . K, Where v2(i) and 
X2(i) are the input and output to adaptive linear ?ltering 
element 77 at time i, respectively. HoWever, as opposed to 
the linear ?ltering element 76, the bk are variable Weights. K 
Was taken to be 5, but can be any number. 

[0043] Linear ?lter 76 and adaptive linear ?ltering element 
77 both feed into sigmoidal elements 78. For sigmoidal 
elements 78, neW outputs y1(i) and y2(i) are related to inputs 
X1(i) and X2(i) from linear ?ltering element 76 and adaptive 
linear ?ltering element 77, respectively by the folloWing 
equation: yn(i)=tan h(Xn(l)) at time i. Since the sigmoidal 
function is bound betWeen tWo predetermined values, the 
sigmoidal elements attenuate high-amplitude accelerations, 
Which Was found to improve performance over the use of 
linear elements alone. Any combination of linear and sig 
moidal elements may be used. For eXample, the sigmoidal 
elements may be included in either upper path 47 or loWer 
path 49, or both or neither. 

[0044] In summer 80, output y2(i) from adaptive linear 
?ltering element 77 is subtracted from output y1(i) from 
linear ?ltering element 76 to obtain a ?nal output r(i). 
Weights bk in adaptive linear ?lter 77 are then adjusted so as 
to minimiZe the squared ?nal output r2(i). 

[0045] It should be noted that by adapting the ?ltering 
process in this Way, ?ltering unit 48“learns” the user’s 
motions. Filtering unit 48 may be considered a neural 
netWork. 

[0046] Each aXis of movement (forWard/back or side/side, 
for example) uses its oWn ?ltering component 45. For each 
?ltering component 45, the cleaned signal is sent from 
?ltering unit 48 to image generator 40. Thus, image gen 
erator 40 may simultaneously obtain multiple ?ltered signals 
from ?ltering unit 48, as Well as signals directly from sensor 
60A, such as a tilt sensor. 

[0047] Reference is noW made to FIG. 5, Which is a block 
diagram illustration of image generator 40, used for creating 
images and adapting the images based on received ?ltered 
data. Speci?cally, an initial image 80 of a tiled ?oor, or other 
image, is created using an imaging softWare package 
(OpenGLTM, Silicon Graphics, Inc., Mountain VieW, Calif. 
USA). Data from sensors, Which may be ?ltered or un?l 
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tered, are fed into image generator 40, and are used to make 
corresponding proportional changes in ?oor angle and speed 
of movement of image 80, resulting in an updated image 80‘, 
also provided by the imaging softWare. In the case of 
acceleration data, the ?ltered acceleration signals are con 
verted into rate of motion data Within image generator 40, 
typically using an integrator. 

[0048] Thus, the tilt angle received from sensor 60A, is 
translated into an inclination angle of the virtual tiled ?oor 
so as to create a realistic vieW of the ?oor. Tripping or falling 
motions result in larger angles, and are translated into a 
proportional outWard expansion of image 80, as in real-life 
vision. 

[0049] Sensors 60A and 60B may also detect turning 
motions, Which are translated into counter-turning motions 
of the virtual ?oor. 

[0050] The rates of motion of the virtual tiled ?oor are the 
same as the rates of body motion of the user, occurring in 
opposite directions so as to create the sensation of a ?oor 
?xed in space. The tilt of the virtual ?oor is the same as that 
of the user’s head, as measured by head-mounted sensor 
60A. Parameters such as tile siZe, color and intensity of the 
virtual ?oor are adjustable. 

[0051] Because of ?ltering unit 48, a forWard motion of 
the tiled ?oor Will not be triggered by leg tremor, and 
expansion of tile images, indicating a stumble or a fall, Will 
not be caused by head tremor. Learning and ?ltering are 
performed on-line, as the patient’s dynamic characteristics 
keep changing in time. 

[0052] The present invention may potentially be used for 
anything that other virtual reality devices are used for, such 
as entertainment, industry, science and medicine. The use of 
accelerometers alloWs for free movement and is not 
restricted by location or space. In addition, it alloWs for 
adaptation of the image to full body motions. Thus, for 
example, one embodiment of the invention may include a 
device Which Would enable a sport or any other recreational 
activity (i.e. sexual activity) to be performed With a virtual 
background scene, outside of an entertainment room alloW 
ing for more body movements. In another embodiment, the 
device could be connected to the Internet, alloWing for direct 
interaction betWeen patients and doctors or betWeen users. 
Movement disorders may include stroke, trauma, PD, or 
other central nervous system disorders and degenerative 
diseases. Also, it may include birth defects and results of 
aging. 

EXPERIMENTAL DETAILS SECTION 

[0053] A prototype of the proposed invention has been 
developed and systematically tested on PD patients super 
vised by a team of medical doctors in the Movement 
Disorders Clinic at the Cognitive Neurology Department of 
the RAMBAM Medical Center in Haifa, Israel. 

[0054] Reference is noW made to FIG. 6, Which illustrates 
the concept of open-loop versus closed-loop control. In an 
open-loop system, an image generator 40 produces a display 
64 for a user 44 to see. User 44 may then react to display 64, 
and voluntarily begin to move. This, hoWever, has no effect 
on image generator 40. In a closed-loop system, the motion 
of user 44 is sensed by motion sensors 60, Which send 
signals related to this motion through a ?ltering unit 48 and 
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back to image generator 40. In contrast to the open-loop 
system, Which does not measure or respond to the body 
motions of user 44, the closed-loop system incorporates 
signals from motion sensors 60 into display 64. 

[0055] Reference is noW made to FIG. 7, Which is a table 
shoWing details about the subjects Who participated in the 
study, and the results obtained With the display off, With 
open-loop display, and With closed-loop display. For open 
loop display, no sensors Were activated on the subject for 
measuring movements, resulting in an image displayed at a 
predetermined speed toWards the observer. Speed and stride 
length are listed for each test per subject, and the ?nal tWo 
columns list a percentage change for the tested parameters. 

[0056] Fourteen subjects, all clinically diagnosed With 
idiopathic PD and treated With Dopaminergic medication, 
participated in the study. The subjects’ initials, ages, number 
of years having the disease (yd) and disease severity on the 
Hoehn and Yahr (HY) scale (See Hoehn M M and Yahr M 
D: “Parkinsonism: onset, progression and mortality.” Neu 
rology 17(5):427-42, 1967) are listed in FIG. 7. All subjects 
had 20/20 visual acuity, With correction When necessary. The 
tests Were alWays performed at approximately the same time 
of day, and either folloWing a 12-hour period Without 
medication, or during the “off” state of the disease, Which is 
characteriZed by severe immobility. 

[0057] Each test consisted of a subject Walking a stretch of 
10 meters 4 times. Only results from the last tWo out of four 
tests in each category Were used, to eliminate the effect of 
training. At the start of each test, the subject Was verbally 
instructed to start Walking. The length of time and the 
number of steps to completion of the 10-meter stretch Were 
recorded for each test. Speed in meters/second (m/s) and 
stride length in meters Were calculated. In the ?rst test 
(the reference test) the display Was turned off. In the second, 
the open-loop system Was turned on, displaying a virtual 
tiled ?oor in perpetual motion toWards the observer at the 
maximal speed level comfortable for the subject. The third 
test employed the adaptive closed-loop system. The order of 
the second and the third tests Was then reversed and results 
Were averaged, in order to eliminate the effect of training 
from the comparison. 

[0058] The last tWo columns of FIG. 7 list the percentage 
changes in the performance parameters obtained for the 
closed-loop system With respect to the reference test. It can 
be seen that, in all cases but one, performance Was improved 
signi?cantly With respect to the reference test When the 
closed-loop system Was turned on (higher speed, longer 
strides). 
[0059] Qualitative results Were noted by the testers as 
Well. Improvement in the quality of the steps Was observed. 
Subjects Who dragged their feet on the ground in the 
reference test raised them noticeably higher When the 
closed-loop system Was turned on. Improvement Was par 
ticularly dramatic in subjects tested during their “off” phase 
(JS and NM), characteriZed by severe immobility. These 
subjects Were severely Brady-kinetic, unable to stand or start 
Walking on their oWn. When the closed-loop display Was 
turned on, and the subjects Were instructed to Watch the 
display, both subjects Were able to start Walking unaided. 
The one subject Who did not bene?t from the closed-loop 
system, MR, had no Walking impairment; as can be seen 
from his test parameters, he had the best performance during 
the reference test. 
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[0060] Comparison of results for the open-loop system 
and the closed-loop system shoWs that the average values 
are similar. However, the standard deviations for the open 
loop system are much higher than for the closed-loop system 
as Well as the reference test. This means that the open-loop 
system affects different individuals in very different Ways. 
The behaviors of JS and NM are particularly noteWorthy in 
this respect. Both subjects improved their performance 
parameters With respect to the reference test When the 
closed-loop system Was turned on, and both experienced 
freezing episodes When the perpetual motion display (open 
loop system) Was turned on. For both subjects, the perfor 
mance parameters for the open-loop system are even loWer 
than for the reference test. Some subjects reported discom 
fort, diZZiness and nausea caused by the perpetual ?oor 
motion of the open-loop system. Most subjects reported 
relative comfort With the self-activated, closed-loop adap 
tive system and indicated a clear preference for it over the 
open-loop system. 

[0061] The last tWo roWs in the table shoW the average 
performance of the subject group (excluding MR, Who, as 
noted before, had non-gait related impairment). It can be 
seen that, on average, the proposed closed-loop system 
improves performance by about 25% (speed) or 30% (stride 
length) With respect to the reference test. It should also be 
noted, hoWever, that the standard deviations of these results 
are-rather high, Which implies that the results should be 
evaluated mainly on an individual basis. Certain PD patients 
Would be helped by the proposed approach to a very 
signi?cant degree (50%-100%), While others Would be 
helped to a lesser degree. FeW, in particular those Without 
Walking impairments, Would not be helped at all. 

[0062] Similar tests done on non-PD patients, such as 
stroke victims, have shoWn similar improvements in the 
Walking abilities of these patients using the apparatus as 
described hereinabove. 

[0063] Our study is the ?rst to shoW the bene?t of aug 
mented reality, adapted to a person’s oWn motion, for gait 
control in PD patients. In particular, We have shoWn the 
advantage of a closed-loop adaptive display of a virtual tiled 
?oor as compared to a previously proposed open-loop, 
non-adaptive, perpetual virtual motion display. Our experi 
ments have shoWn that adaptive augmented reality can 
signi?cantly improve the Walking abilities of most PD 
patients Without causing the discomfort and the freeZing 
phenomena associated With the open-loop system. 
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[0064] Finally, it is important to note that the gait param 
eters most affected by the proposed approach, namely, speed 
and stride length, also respond, to a similar eXtent, to 
antiparkinson medication (See Pedersen S W, Eriksson T 
and Oberg B: “Effects of WithdraWal of antiparkinson medi 
cation on gait and clinical score in the Parkinson patient”, 
Acta Neurol. Scand. 84, 7, 1991) as Well as to pallidotomy 
(brain surgery), as reported by Siegel K L and Metman L V: 
“Effects of bilateral posteroventral pallidotomy on gait in 
subjects With Parkinson’s disease”, Arch. Neurol., 57, 198, 
2000. HoWever, medication causes involuntary movement 
Which disturbs gait further. 

[0065] The proposed approach may make it possible to 
reduce medication and postpone surgical intervention. The 
proposed invention may be useful as treatment, as therapy, 
or as an assistive device. 

[0066] It Will be appreciated by persons skilled in the art 
that the present invention is not limited by What has been 
particularly shoWn and described hereinabove. Rather the 
scope of the invention is de?ned by the claims Which folloW: 

I claim: 
1. A method for interaction of an image With full body 

movement, the method comprising the steps of: 

providing an image to a person With a movement disorder 
from a display device mounted on said person’s body; 

receiving signals related to voluntary and involuntary 
movements of said person, said signals received by a 
receiving device mounted on said person’s body; 

adapting said image With a processor mounted on said 
person’s body according to said received signals; and 

providing said adapted image to said person on said 
display device, 

Wherein said adapted images enable said person to adjust 
said body movement. 

2. A method as in claim 1, Wherein said steps are per 
formed repeatedly so as to provide continuous interaction of 
said image With said body movement. 

3. A method as in claim 1, Wherein said interaction 
includes therapy. 

4. A method as in claim 1, Wherein said interaction 
includes assistance. 


