US009084933B1

a2y United States Patent (10) Patent No.: US 9,084,933 B1

Pope et al. 45) Date of Patent: Jul. 21, 2015
(54) METHOD AND SYSTEM FOR (56) References Cited
PHYSIOLOGICALLY MODULATING ACTION
ROLE-PLAYING OPEN WORLD VIDEO U5, PAIENT DOCUMENTS
GAMES AND SIMULATIONS WHICH USE
GESTURE AND BODY IMAGE SENSING 1308510 A O oes connely
CONTROL INPUT DEVICES 5,626,140 A 5/1997 Feldman et al.
5,697,791 A 12/1997 Nashner et al.
(71) Applicant: The United States of America as 5,702,323 A 12/1997 Poulton
represented by the Administrator of gﬂgg%gg i 2/{1332 %alii,lgnet al.
the National Aeronautics and Space 5:9 47:868 A 9/1999 Dugan
Administration, Washington, DC (US) 5084,684 A 11/1999 Brostedt et al.
(72) Inventors: Alan T. Pope, Poquoson, VA (US); (Continued)
Chad L. Stephens, Poquoson, VA (US);
Christopher A. Jones, Yorktown, VA OTHER PUBLICATIONS
(US) Azcarate, A., Hageloh, F., Van De Sande, K., Valenti. R., “Automatic
_ Facial Emotion Recognition,” Univeraiteit van Amsterdam, Nether-
(73) Assignee: The United States of America as lands, 2005. Vision and Image Understanding, vol. 61. No. 1, 1995,
represented by the Administrator of pp. 36-59.
the National Aeronatics and Space (Continued)

Administration, Washington, DC (US)

(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 139 days.

Primary Examiner — Pierre E Elisca
(74) Attorney, Agent, or Firm — Jennifer L. Riley

(21) Appl. No.: 13/838,260 (57) ABSTRACT
(22) Filed: Mar. 15, 2013 Method for physiologically modulating videogames and
simulations includes utilizing input from a motion-sensing,
Related U.S. Application Data video game system and input from a physiological signal

acquisition device. The mputs from the physiological signal
sensors are utilized to change the response of a user’s avatar
to inputs from the motion-sensing sensors. The motion-sens-
ing system comprises a 3D sensor system having full-body

(60) Provisional application No. 61/663,039, filed on Jun.
22, 2012, provisional application No. 61/709,372,
filed on Oct. 4, 2012.

3D motion capture of auser’s body. This arrangement encour-

(51) Int.CL _ _ _ _ _
ages health-enhancing physiological seli-regulation skalls or

A63F 13/10 (2006.01) N . lifient Fhealthful vhvsioloeical oh
AG63F 13219 (2014.01) therapeutic amplitication ol healt physiological charac-

teristics. The system provides increased motivation for users

(52) US. Cl. to utilize bioteedback as may be desired for treatment of

CPC e, A63F 13/04 (2013.01) various conditions
(58) Field of Classification Search |
USPC e, 463/31, 32
See application file for complete search history. 25 Claims, 3 Drawing Sheets
5= 15 1
EmativéR EPOC System 10 %nent@ 50K 4
Emotional State Data: {ontent Data Kinect Sensor Data:
Engagement - Boredom Index Game Data; Depth Camera Values
Exciternant - Calmniess index 3D Modeds, Textures, Color Camera Vaiues
Frystration - Meditation Index EFFectsir Soungs Sound Yalues
; 20—
Hizir Game Logic

Integrates and oiganizes the data from the variaus inputs and makes it usable for the rest of the program,
This is achieved with twa diffaront types of class structures, static and dynamic, Statis classes permeats svery
level For exampie, the Emotiv® Etate ¢lass stays connerted to the Emotiv(® throughout the game and
doesn’t change trom level 1o level it jus: breadcasts its urlganized data to the other classes, Dynamic classes
are modules that contain the data and [ogic specific to alevel ar enemy.

Static Classes EmotvE®) Siate Camer 32 TangLogi

Readk dita romhe XX Wanacges the camera ] L loads content fromi the
6} Systein,arganizzs X Content Data that s

2 in the game. |
N i | | 28 L
Kirect @ Interprater accordingy Player Data | drewing thatdata,

Racefves data mam Game keeps track of | |

the Kisect B SO the ﬁlh,wiﬁm Fﬁ ey
s[4

ane refines hea
Hho s SO 3% | hotatonnate | ] brend S
logic oodefor 136 C i |
gestures and avatar ﬂﬂEIEU[]TF ;3:[3} 30 (] Procssars for sefining data.
neerenl,
— STRENGTH 42 [ Individuaai classesfo-
24 45 LCHT . 44 stori v and using daia,

ic (4
Dynamic Classes } 52 34— 55\ LavelSpecific Logic 7

Enavy iag Level Spacific Data Rurs the logiz code for tha curent
Luads;ndrunsupdgatemdﬁfm Lads medels and data for |.91|E|mde?ﬁhﬁtheu5e[mﬂla? 30
N2 VaNiGys enemies i the game, the cureant lovel. thrcuh the game.

Y

Pysics Engire —r—) (arapnical Quiput
The physics ergine s part of the open Finally the scen2 s endered
source Plood: game engine for XA, 1 Tre ANA studio framewoe, ks the tn; r:pwi:al disphy
rakes the data from the man game data for positions of mocie., textoring, t%e USET Gl S
code and dmulates it phys:cally ™ effects.andany other relevantdata | ot e theiractions
allownig For realistic movement and renclers it Then it prepares the =
ant ffects, tita %or display tothe user, 62

58— a0 —




US 9,084,933 Bl

(56)

6,067,468
6,093,146
0,126,449
0,132,337
0,212,427
0,259,889
0,201,189
0,277,030
6,425,764
0,463,385
6,491,647
6,527,700
6,682,351
0,774,885
6,778,866
6,786,730

2003/0013071
2003/0013072

References Cited

U.S. PATENT DOCUMENTS

WEEEEETWE TR

5/2000
7/2000
10/2000
10/2000
4/2001
7/2001
7/2001
8/2001
7/2002
10/2002
12/2002
3/2003
1/2004
8/2004
8/2004
9/2004
1/2003
1/2003

Korenman et al.
Filangeri
Burns
Krupka et al.
Hoover
[.aDue
Saville et al.
Baynton et al.
[.amson

Fry

Bridger et al.
Manico et al.

Abraham-Fuchs et al.

Even-Zohar
Bettwy
Bleckley et al.
Thomas

i

T'homas

Page 2
2003/0087220 Al 5/2003 DBessette
2005/0014113 Al 1/2005 Fleck et al.
2009/0029754 Al1* 1/2009 Slocumetal. .................... 463/5
OTHER PUBLICATIONS

Dinges, D.P. et al., “Optical Computer Recognition of Facial Expres-
sions Assoclated with Stress Induced by Performance Demands,”
Aviation, Space, and Environmental Medicine, vol. 76, No. 6, Sec-

tion 11, 2005, pp, B172-B182.

Lerner, J.S., Dahl, R.E., Harir1, A .R., Taylor, S. E., “Facial Expres-
sions of Emotions Reveal Neuroendocrine and Cardiovascular Stress

Responses,” Biological Psychiatry, vol. 61, No. 2. 2007, pp. 253-260.
Ratliff, M. S., Patterson, E., “Emotion Recognition Using Facial

Expressions with Active Appearance Models,” Third IASTED Inter-
national Conference on Human Computer Interaction; Understand-
ing Users, 2006, pp. 138-143.

Keltner D. Ekman P., Facial Expressions of Emotion, Handbook of
Emotions, 2nd ed., edited by M. Lewis and J. Hevliand-Jones,
Guliford Publications, Inc., New York, 2000, pp. 236-245.

* cited by examiner



U.S. Patent Jul. 21, 2015 Sheet 1 of 3 US 9,084,933 B1

107




U.S. Patent Jul. 21, 2015 Sheet 2 of 3 US 9,084,933 B1

TN

Emotional State Data:
Engagement - Boredom Index
Excitement - Calmness Index
Frustration - Meditation Index

el L

- (Game Data: Depth CameraValues |
3D Models, Textures, | | Color Camera Values

| Integrates and organizes the data from the various inputs and makes it usable for the rest of the program. |
| This is achieved with two different types of class structures, static and dynamic. Static classes permeate every |
[ level.For example, the Emotiv(® State class stays connected to the Emotiv@® throughout the gameand |
| doesn't change from level to level, it just broadcasts its organized data to the other classes. Dynamic classes |
are modules that contain the data and logic specific to a level or enemy,.

éamerééygfem .......... 32

 Reads data fiom the XKX | Manages the camera [ | {loads content from th

A systemorganizes XXX | | itedame. |1 N Content Data that i
 thenmo du?ates held [ e | e

nput and avatar XXX —28 and haslogicfor |

- [Kinect® InterFreter
|| Recelves datafrom | Game keeps track of | |

|| the Kinect® SDK  the player’s data e --

and refines it, : ‘
- modulation mode, |

M

Key:
| External Sources of data. .
38 . 30 [ Processors for refining data. |

| Individual classes for
44 — sforing and using data

t

Also has
L logic code for
|| gestures and avatar
| movement,

Enemy Logic

Level Spectic Datz Runs the logic code for the current | |
||| Loads and runs update code for | Loads models and data for | leveland enavlesthe usertoplay | |
|theveriousenemiesin thegame. | | thecurrentlevel

E el FFAAALY

AR

- Enéine

The physicsengineispartof the open| | |
source Ploobs gameengine for XNALIt) | The XNAstudio framework takesthe | | 4.2 anhical displayso |
' takes the data from the main game | data for positions of models,texturing, tiegsercar e |
| codeandsimulatestphyscall, [ effect andany oter eevantdeta | oo ki
and effacts, - datafor display to the user,

e 60—

(Finally the scene s rendered

Game Framewark




US 9,084,933 B1

302

Sheet 3 of 3

Jul. 21, 2015

U1

U.S. Patent

. e ﬁﬁnnn.. . e "
G
R

e

Lo aon el &“Illl“"l _...l_. “l_ _“l_ mum""“m""ll u o= llll " -
. Aetele vm.ww,_.. .ﬁﬁ......ﬁ..ﬂ}uw "
' » lnln“ n o .

. " ..._Jh"l“""ln "

D g el SRl R e b R R a l at ahe el B Rl L W o R el A
. . ' . .

P ¢

2

® ll . ll - N lll W |
o IIIII lll || || III KEEFENETR Il ll thlllulul .
B e
B e e e e
B
L l"?: I"" _.._-___.l_.ﬂl i i ﬁ“"MV"”\ln" ll"..l "l"n"“l l"w )
.o .m“l “ ERXEERENRN l"m""llum"“lﬂl“l““""mulu llbll =
R
a e
e
e m
g L m
B
e
e
e

”n"-" s uu_.._-uu"-"a"a"-n- e R

] ) III“H E .”
- " _H IIIIIII Iﬁ_-.uluunuﬂulu .IIHIIIIII Ill II lll o
.ﬁ.ﬂ“""l"ﬂ" E ol .ill"llllﬂlﬂll"ll"""\m5 4 “

5 l- a _.__..un g
S
e s

i
.hl
g
X

._.. “.l._.l R e ' n'l n.
‘..u.m....,...,,ﬂ.i..:_....ui...n.v.. e
e .u.w.u..m“ ¥
B
e e e

B

g Wit amule .."“...,huﬁ."“.." ..Nm...._.._u..w&m.\m.r.“ :

e e s
3 .._..w.m..".._."..mn.%...w"""."""". ...m""".".m""..." =3

| | ] N Jlll ] lllll llll ll II || IIII II ll -
B S 1

3
_ a0
*y Ip-l"l".-'l_".i"'r

R
F RN

................................. .3

" ."nn tllll . - l-ﬂlnll-“lnl l"lll ﬁl ﬂ_... .

L

llllll E ]
e

ey

T e by e e aes

Agigig gt
'-

1

A L NN

e T e

305

o

| n

“l ”..._hn mu""n"“ﬂll__."“l"l_al ”_..m.m_.._....___”.._._”...m_.l.-n all"lll e ll e
r b H e hlajhl l-.lllll n A o)
oo &H“nmmumnunu&m%.m“%m £
g e e T

- 5 ‘- +-..l". e " I.‘-. -..lﬂlulxlllx. -‘-x -h L
G
e et e e e
T e e e e e e e e e e e e e T e e el Ry oy e
. ..m "-b..-_llﬁ"““"“l"l nﬁ:.ii-_-. l“"n%lvmumlm"llu""“ﬁl .”.__amliun"l :mmlw__.lllul""ll%-“"l”ullllm"""llu"lllluluuu lﬂllml. '._._

| : | e

| | li. . ] uE K K - Ll - -

e ¢

g M.".. e
|

...h"""""“"......:......".."".“a
o """""w."."wmm.."m“."wwm"ww..ﬁ. i &

]
m
n
e s
! llll&ll“"l"

||
o

et

| ] |
R
v

R

en e n _lll .M.mwwru.._.“"alanllnun-n:a -
- _.__u_...n"n"u-nu"" u-u._""._-\"-uuﬁ -
i g W l.-nlllll-m____ "n"lln“ “".mllll_"nl l"ll llli“ )

| | B E N U.ﬂl-.-l-.nun. E M N ‘-.!- . “
._._n_.ﬂmmu-aaaluu- u"“um“n_. AT e e -luﬁum ke
.. d

i

e
e

i

::*-

e

+
|

g

l:::ll.l

S
S
o
i
aaon

- :"-: ::l .
e
R
e
o
:. .

52

i
=
S
.:::-"
s
5
et
e

I. -%
¥
EEI
e
R
&
2
e
::::

l_-r " I E AR ¥ ArEe e Emnam 3
> et Lo _,..._._u.“.."..."._".wn"..u"% W
e e e RS AN A
e s
B | -'.

o

! u“a"““""a " 4 nlnaln:ﬂ...llnnlilwlnllal“"ﬂ - .
e ..h o

.
]

E

m

n

S ATATA, .L-_ﬁ y ...-
- atute e e -""“

s e g
mmgmamERSeEReE o B

|
W
m
W

. ” ._u" .M-W * “

PR N BN R g B T g e T B b LN i N e R

#

A ' - Lo
. arwou -u.-m. 2
. n »
ey ..i.l.t?..?.._.. l ..-._..._..L.-... "ll“"?w-lﬂ l" . n ! .
R 8 S,
“_._-.Hl"-_" -I-_ Il- ) .ﬂﬂr : . : a 5-.ﬂ.._ . o -
R EEEE ariad
e atet _-ul.-.-"% .-..-... " s e e
S __.-_."-.II_”:_""' I_IIl_"-_ - ”I_ . A |
pT i Ve
-"-_1_-_-_.._"-_"1"1“1.. l-l.u-
s n _-_"I"l-f""II.. -
. .___-_-.-_i_-""-. -_"__.-. —"-.
o
.._m-uu R

304

i S A A ARk AN Al f b r e LA b Rl A R s L r b R i N AR L RO s i i

Figure 3.



US 9,084,933 Bl

1

METHOD AND SYSTEM FOR
PHYSIOLOGICALLY MODULATING ACTION
ROLE-PLAYING OPEN WORLD VIDEO
GAMES AND SIMULATIONS WHICH USE
GESTURE AND BODY IMAGE SENSING
CONTROL INPUT DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of U.S. Provi-
sional Application No. 61/663,039 filed on Jun. 22, 2012,
entitled “Method and System for Physiologically Modulating
Videogames and Simulations Which Use Gesture and Body
Image Sensing Control Input Devices”, and of U.S. Provi-
sional Application No. 61/709,372 filed on Oct. 4, 2012,
entitled “Method and System for Physiologically Modulating
Action Role-playing Open World Video Games and Simula-
tions Which Use Gesture and Body Image Sensing Control
Input Devices,” the entire contents of both applications are
incorporated herein by reference 1n their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMEN'T

The invention described heremn was made 1n part by
employees of the United States Government and may be
manufactured and used by or for the Government of the
United States of America for governmental purposes without
the payment of any royalties thereon or therefore.

FIELD OF THE INVENTION

The present mnvention relates to an apparatus and method
tor physiologically modulating video games and simulations,
and 1n particular to a method and system that utilizes wireless
motion-sensing technology to modulate a player’s movement
inputs to the video game or simulation based upon physi-
ological signals.

BACKGROUND OF THE INVENTION

Game controllers have been developed that allow a player
to make 1nputs to a video game or simulation by gesturing
and/or by moving the player’s body. The Microsoft®
“Kinect”® motion-sensing videogame technology employs
camera 1image analysis methods. In this technology, cameras
sense the player’s image.

Physiologically modulated videogames add to the enter-
tainment value of videogames by adding the challenge of
requiring a player to master physiological self-regulation
skill as well as hand-eye coordination. Thus, controlling the
physiological state, or learning to self-induce physiologic
changes, 1s an additional skill requirement or challenge added
to games.

In addition to enhancing entertainment value by making
games more exciting, physiologically modulated videogames
also have advantages for encouraging health-enhancing
physiological self-regulation skills or for therapeutic ampli-
fication of healthtul physiological characteristics. Biofeed-
back, an effective treatment for various physiological prob-
lems, can be used to optimize physiological functioning 1n
many ways. The benefits of biofeedback can, however, only
be attained through a number of training sessions, and such
gains can only be maintained over time through regular prac-
tice. Adherence to regular training, especially at home, has
been a problem that has plagued the field of biofeedback and
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2

limited 1ts utility to date. The inventions disclosed in U.S. Pat.
No. 5,377,100, Method of Encouraging Attention by Corre-

lating Video Game Difficulty with Attention Level, Pope et
al., Dec. 27, 1994; U.S. Pat. No. 6,450,820, Method and
Apparatus for Physiological Self-Regulation Through Modu-
lation of an Operator’s Control Input to a Video Game or
Tramning Simulator, Palsson et al., Sep. 17, 2002; and U.S.
Pat. No. 8,062,129, Physiological User Interface for a Multi-
User Virtual Environment, Pope et al, Nov. 22, 2011, have
solved this to a degree, by blending biofeedback into video
games, which increases motivation. The entire contents of
U.S. Pat. Nos. 5,377,100, 6,450,820, and 8,062,129 are
hereby incorporated by reference.

Biofeedback-modulated video games or simulations of
U.S. Pat. Nos. 5,377,100, 6,450,820 and 8,062,129, are
games that respond to physiological signals as well as mouse,
joystick or game controller input; they embody the concept of
improving physiological functioning by rewarding specific
healthy body signals with success at playing a video game.
The biofeedback-modulated game method of these patents
blends bioteedback into commercially available off-the-shelf
video games 1n such a way that the games do not lose their
entertainment value. This method uses physiological signals
(e.g. electroencephalogram frequency band ratio) not simply
to drive a biofeedback display directly, or periodically modify
a task as 1n other systems, but to continuously modulate
parameters (e.g., game character speed and mobility) of a
game task in real time while the game task 1s being performed
by other means (e.g., a game controller).

BRIEF SUMMARY OF THE INVENTION

The present invention utilizes motion-sensing videogame
technology that employs cameras and image analysis meth-
ods to sense a player’s image. The motion sensing technology
1s utilized to provide an mput to the system concerning the
player’s actual position and movements. The system also
utilizes electroencephalographic (EEG) signal acquisition
technology that derives signals representing psychological
functions from EEG signals. The signals representing psy-
chological functions are also utilized as an mput in a system
and method according to one aspect of the present invention.
The present invention can also utilize an integrated EMG
signal, and a heart rate (cardiotachometer) signal. Further-
more, the present invention can utilize brain wave indices,
¢.g., an “engagement index,” dertved from brainwave signals.
Other physiological signals that can be used include, but are
not limited to, skin conductance signals, skin temperature
signals and respiration signals. Furthermore, a heart rate sig-
nal derved from a photoplethysmograph sensor or electro-
cardiogram electrodes can be utilized as an 1input. One way to
obtain the electrocardiogram heart signal 1s the use of known
chest band electrodes 1n combination with a wireless trans-
mitter.

The degree of improvement 1n abilities of an avatar 1n the
video game 1s programmed to be inversely proportional to the
difference between the player’s current momentary physi-
ological signal value and a pre-selected target value. In this
way, the player 1s rewarded for diminishing the difference by
an improved avatar ability. This 1s referred to as a physiologi-
cally modulated advantage. Some game consequences
reward the player for achieving a psychophysiological goal
by diminishing an undesirable etlect 1n the game (analogous
to negative reinforcement). Other game consequences reward
the player for achieving a psychophysiological goal by pro-
ducing a desirable effect (analogous to positive reinforce-
ment) such as additional scoring opportunities.
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Various aspects of a player’s avatar can be modified based
on dertved signals representing psychological functions. For
example, the steadiness of a player’s avatar can be made
inversely proportional to the difference between the player’s
current momentary physiological signal value and a pre-se-
lected target value. Also, the speed of an avatar’s movements
can be made mversely proportional to the difference between
the player’s current momentary physiological signal value
and a pre-selected target value. Other aspects of the game
such as the size, strength, and stealth of the avatar can also be
made 1inversely proportional to a difference between the play-
er’s current momentary physiological signal value and a pre-
selected target value. Other aspects of the game can also be
controlled based upon a player’s current momentary physi-
ological signal value relative to a pre-selected target physi-
ological signal value.

These and other features, advantages, and objects of the
present invention will be further understood and appreciated
by those skilled 1in the art by reference to the following speci-
fication, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially schematic 1sometric view of a system
according to one aspect of the present invention;

FI1G. 2 1s a diagram illustrating the components of a system
according to a first embodiment of the present invention.

FI1G. 3 1s a diagram illustrating the components of a system
according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

It1s to be understood that the specific devices and processes
illustrated 1n the attached drawings, and described in the
tollowing specification, are simply exemplary embodiments
of the mventive concepts defined in the appended claims.
Hence, specific dimensions and other physical characteristics
relating to the embodiments disclosed herein are not to be
considered as limiting, unless the claims expressly state oth-
Crwise.

With reference to FIG. 1, a system according to one
embodiment of the present invention includes a video dis-
play/TV screen 102, a controller 103, and a motion capture
device 104. As discussed 1n more detail below, controller 103
and motion capture sensors 104 can comprise components of
a commercially available Microsolt® Kinect® video game
system. The system can be configured to provide games and/
or stimulations. The terms “game” and “simulation” can be
used interchangeably herein, and these terms are therefore not
to be construed 1n a restrictive manner. Physical actions per-
formed by a user 105 are sensed 1n 3D by the motion capture
system 104. This data is relayed to controller 103 where the
software 1s running. Mental changes by the user 105 are
sensed and registered by headset/sensors 101 and then
relayed to controller 103 where they are interpreted and
refined programmatically. The program running on controller
103 then combines these signals together and outputs a ren-
dering of the virtual world and displays i1t on video display
102. Here, the user 105 can see what 1s happening in the game
and how their actions and mental state are influencing the
game environment.

Physiologically modulated videogames have increased
entertainment value by making games more exciting and
challenging. These games also have advantages of encourag-
ing health-enhancing physiological self-regulation skills or
for the therapeutic amplification of healthful physiological
characteristics. The arrangement disclosed 1n U.S. Pat. Nos.
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5,377,100 and 6,450,820 blends biofeedback into videoga-
mes, which increases motivation and provides an added
dimension of entertaining challenge. The system disclosed 1n
the U.S. Pat. No. 100 and U.S. Pat. No. 820 modulates
(based on player physiological signals) the manual inputs that
a player makes to the buttons or joysticks of a video game
hand controller. However, the present game system can use a
new type of commercially available game controller that
allows a player to make inputs to a video game by moving the
player’s body or making gestures.

One aspect of the present invention i1s software that inte-
grates physiological signal acquisition hardware and soft-
ware (e.g. Emotiv® EPOC) and gesture and body movement
sensing hardware and software (e.g. Kinect®), modulating,
the functioning of the gesture and body movement technol-
ogy based upon characteristics of the physiological signals.
The Microsoft® “Kinect®” motion-sensing videogame tech-
nology utilizes cameras that sense the player’s image.

The present system modulates the functioning of gesture
and body movement technology based upon characteristics of
physiological signals acquired by physiological signal acqui-
sition hardware and software.

A system according to one embodiment utilizes the
Microsolt® Kinect® gesture and body movement technology
and the Emotiv® EPOC electroencephalographic (EEG) sig-
nal acquisition technology. The Emotiv® EPOC neuro-signal
acquisition and processing wireless headset 1s available from
Emotiv® Systems, Inc. of San Francisco, Calif. The Emotiv®
EPOC technology derives signals representing psychological
functions from EEG signals. A system according to one
embodiment uses signals representing “engagement/bore-
dom.” “frustration,” “meditation,” and “excitement” to modu-
late certain aspects of a demonstrative videogame involving
player control of an avatar by gesture and body movement.

According to one embodiment the degree of improvement
in abilities of an avatar 1n the video game 1s programmed to be
inversely proportional to the difference between the player’s
current momentary physiological signal value and a pre-se-
lected target value for the physiological signal. In this way,
the player 1s rewarded for diminishing this difference by an
improved avatar ability; this 1s termed a physiologically
modulated advantage.

Some game consequences reward the player for achieving
a psychophysiological goal by diminishing an undesirable
cifect 1n the game (analogous to negative reinforcement).
Other game consequences reward the player for achieving a
psychophysiological goal by producing a desirable effect
(analogous to positive reinforcement) such as additional scor-
ing opportunities as described 1n U.S. Pat. No. 8,062,129, and
those described herein. That 1s, some modulation effects
enable superimposed disadvantages in a digital game or simu-
lation to be reduced by progression toward a psychophysi-
ological goal, whereas others enable advantages to be
cifected by progression toward a psychophysiological goal.

A system according to a first embodiment effects the fol-
lowing modulations of Kinect® functions:

Steadiness:

In game action requiring a player’s avatar to exhibit fine
motor control, as in aiming or targeting, the steadiness of the
avatar’s hand or arm 1s made nversely proportional to the
difference between the player’s current momentary physi-
ological signal value and a pre-selected target value for the
physiological signal. Unsteadiness 1s accomplished by pro-
gramming a random disturbance, the amplitude of which 1s
made proportional to the difference just described, to be
superimposed on the avatar’s response to the player’s inten-
tional movement sensed by the Kinect®.
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Speed:

The speed of an avatar’s movements 1s made 1nversely
proportional to the difference between the player’s current
momentary physiological signal value and a pre-selected tar-
get value for the physiological signal. This 1s accomplished
by programming the correspondence, or gain ratio, between
the extent of a player’s movements and the extent of the
avatar’s movements to be inversely proportional to the differ-
ence between the player’s current momentary physiological
signal value and a pre-selected target value. Similarly, the
gain ratio can be made directly proportional to the signal
difference in game situations where fine motor movements of
the avatar offer an advantage.

Snag:

The ability of an avatar to grasp an object in the game
environment 1s made mversely proportional to the difference
between the player’s current momentary physiological signal
value and a pre-selected target value for the physiological

signal.

S17e:

The size of an avatar 1n the game environment 1s made
inversely proportional to the difference between the player’s
current momentary physiological signal value and a pre-se-
lected target value for the physiological signal, allowing the
avatar to navigate through environmental features of various
dimensions. This 1s accomplished by programming a multi-
plier of the avatar’s dimensions to be inversely proportional to
the difference between the player’s current momentary physi-
ological signal value and a pre-selected target value for the
physiological signal. Similarly, the avatar’s size can be made
to be directly proportional to the signal difference in game
situations where smaller size offers an advantage.

Strength:

The degree of the effect of avatar movements upon objects
in the game environment 1s made 1inversely proportional to the
difference between the player’s current momentary physi-
ological signal value and a pre-selected target value for the
physiological signal. This ability also affects the force that
can be applied through weapons the avatar 1s manually wield-
ing. This 1s accomplished by programming the avatar’s arms
to move with a speed that 1s mversely proportional to the
difference between the player’s current momentary physi-
ological signal value and a pre-selected target value for the
physiological signal when lifting an object or by program-
ming the number of movements required by the avatar to
accomplish a task mvolving repeated discrete movements to
vary 1n direct proportion to the difference between the play-
er’s current momentary physiological signal value and a pre-
selected target value.

Stealth:

The avatar’s opacity as well as the probability of 1ts vis-
ibility to other characters 1n the game 1s made proportional to
the difference between the player’s current momentary physi-
ological signal value and a pre-selected target value for the
physiological signal.

Flashlight/Illumination:

The intensity of a light source emanating from a player’s
avatar or an object the avatar 1s wielding 1s made 1nversely
proportional to the difference between the player’s current
momentary physiological signal value and a pre-selected tar-
get value for the physiological signal.

Weapon Reload Speed:

The speed with which an avatar can reload weapons 1s
made mversely proportional to the difference between the
player’s current momentary physiological signal value and a
pre-selected target value for the physiological signal.
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Voice Gun (Banshee Ability):

The amplitude of the avatar’s voice-based weapon and by
association the amount of damage it can cause to enemies and
objects 1n the game environment are made 1nversely propor-
tional to the difference between the player’s current momen-
tary physiological signal value and a pre-selected target value
for the physiological signal. The Kinect® has built-in micro-
phones which can detect the voice of a player and vocaliza-
tions made by the player can be used to control the avatar’s
voice-based weapon.

Space/ Time Warp:

The movement of the avatar through the game’s environ-
ment in both time and space relative to that of enemies 1s made
inversely proportional to the difference between the player’s
current momentary physiological signal value and a pre-se-
lected target value for the physiological signal.

Other game functions, such as target stickiness and target
magnetism can also be modulated. It will be understood that
a wide variety of game features and functions can be modu-
lated based on a player’s physiological state or states. These
functions of the mvention can be accomplished by using the
physiological signals of the player or the signals of another
participant who 1s not interacting with a videogame motion-
sensing controller. Alternately, the physiological signals of a
first player can be utilized to modulate the motion-sensing
controller of an opposing player.

Some embodiments can also utilize an integrated EMG
signal, and a heart rate (cardiotachometer) signal. Some
embodiments can utilize brainwave indices, €.g., an “engage-
ment index” dertved from brainwave signals, defined in Pope,
Bogart and Bartolome Pope, A. T., Bogart, E. H., and Barto-
lome. D. S. (1993). Biocybernetic System Validates Index of
Operator Engagement in Automated Task. Biological Psy-
chology, 40, 187-195. Other physiological signals that can be
used include, but are not limited to, skin conductance signals,
skin temperature signals and respiration signals. The heart
rate signal can be derived from a photoplethysmograph sen-
sor or celectrocardiogram electrodes. A noise-reducing
enhancement can be desired for obtaining an electrical heart
signal. One method for obtaining the electrocardiogram heart
signal 1s the use of chest band electrodes 1n combination with
a wireless transmitter (e.g., Polar Model T31 from Polar
Electro USA). Such a technology minimizes movement arti-
fact (electrical noise) and enables the invention to be used
conveniently with the active and exercise games of video
game systems. An additional method for obtaining heart rate
data from a player 1s the use of image analysis capabilities to
sense slight changes 1n skin color (blushing) or temperature
which occurs with each heart beat. This allows for unobtru-
stve (no sensors attached to subject) recording of heart rate.

As discussed above, the present disclosure involves mea-
suring at least one physiological activity. The measured
physiological activity can include one or more of autonomai-
cally-mediated physiological activity, functional near infra-
red spectroscopic signals from a brain, transcranial Doppler
bloodflow signals from a brain, and/or bramnwave electrical
activity. In some embodiments the measured physiological
activity can also include facial expression patterns for infer-
ring operator state. Any combination of the foregoing physi-
ological activities can be measured. The autonomically-me-
diated physiological activity can include one or more of a
user’s skin temperature, skin conductance, galvanic skin
response, electrical activity of muscle, blood flow through the
user’s skin, heart electrical activity, heart rate, heart rate vari-
ability, blood pressure, respiratory rate, or combinations of
these physiological activities. The brainwave electrical activ-
ity can include one or both of event-related electrical brain
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potentials, and at least one brainwave frequency band. The
brainwave frequency band can include at least one of delta
band, theta band, alpha band, sensory-motor rhythm (SMR),
beta band, gamma band, or combinations of these brainwave
frequency bands. In general, the delta band comprises about
0.5 to about 3.5 Hz, the theta band comprises about 4.0 to
about 7.0 Hz, the alpha band comprises about 8.0 to about
13.0 Hz, the beta band comprises about 14.0 to about 30.0 Hz,
and the gamma band 1s about 30.0 to about 40.0 Hz. The
sensory-motor rhythm (SMR) band 1s about 12.0 to about
16.0 Hz.

Embodiments of the invention can also employ facial
expression recognition as a technology for inferring operator
state. This type of embodiment would exploit the capability of
a more advanced form of image analysis that could resolve
facial expression. This type of embodiment would modulate
the Tunctioning of gesture and body movement technology
based upon characteristics of operator state derived from
signals acquired by 1image acquisition and analysis hardware
and soltware.

The Kinect® sensors include a color VGA video camera
that aids 1n facial recognition and other detection features by
detecting three color components: red, green and blue. This 1s
referred to as a “RGB camera” referring to the color compo-
nents 1t detects. The Kinect® sensor also includes a depth
sensor comprising an inirared projector and a monochrome
CMOS (complimentary metal-oxide semiconductor) sensor
that work together to “see” the room 1n 3D regardless of the
lighting conditions. The sensor system also includes a multi-
array microphone. This comprises an array of four micro-
phones that can 1solate the voices of the players from the noise
in the room. This allows a player to be a few feet away from
the microphone and still use voice controls.

In operation, the system detects and tracks 48 points on
cach player’s body, mapping them to a digital reproduction of
that player’s body shape and skeletal structure, including
tacial details. The system utilizes models representing people
of different ages, body types, genders and clothing. The sys-
tem classifies skeletal movement of each model, emphasizing
the joints and distances between those joints.

Thus, there 1s no separate hand held controller in the
Kinect® system. Rather, the video camera, depth sensor, and
microphone provide the inputs to the system based on a user’s
position, movement, and voice.

With reference to FIG. 2, a system according to a first
embodiment of the present invention mcludes an Emotiv®
EPOC system 5, content data 10, and Kinect® sensor data 15.
The data from these three sources 1s supplied to the main
game logic 20. The Emotiv® EPOC system generates atlec-
tive state or cognitive state data including engagement/bore-
dom, frustration, meditation, and excitement. The Emotiv®
EPOC system 1s commercially available, and the details of the
system will not therefore be described in detail herein.

The content data 10 includes game data such as 3D models,
textures, effects, and sounds. The Kinect® sensor data 15
comprises depth camera values, color camera values, and
sound values. This data may be modified utilizing the
Kinect® Software Development Kit (SDK).

The main game logic 20 integrates and organizes the data
from the various imnputs and makes it useable for the rest of the
program. This 1s achieved with two different types of class
structures, namely, static and dynamic class structures. Static
classes permeate every level. For example, the Emotiv® State
class stays connected to the Emotiv® throughout the game
and doesn’t change from level to level; 1t just broadcasts 1ts
organized data to the other classes. Dynamic classes are mod-
ules that contain the data and logic specific to a level or
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enemy. The static classes 22 include the Kinect® interpreter
24, Emotiv® State 26, camera system 28, player data 30, and

drawing logic 32. Kinect® interpreter 24 recerves data from
the Kinect® SDK and refines the data. The Kinect® inter-
preter also has logic capabilities for gestures and avatar move-
ment. The Emotiv® State 26 reads data from the Emotiv®
system, organizes the data, then modulates the Kinect® 1nput
and avatar accordingly. The Kinect® interpreter 24 provides
input 46 concerning the stealth 34, size 36, speed 38, stability
40, strength 42, and light 44 of the avatar. Each of the avatar
attributes 34-44 can be modified based on the Emotiv® State
of the player.

The camera system 28 manages the camera (player view-
point) in the game. As 1llustrated schematically by box 30, the
game Keeps track of the player’s data such as health, position,
and modulation mode 1n the player data “block”. The drawing
logic 32 loads content from the content data that 1s used across
all levels and has logic for drawing that data. The drawing

logic 32 recetves mput from camera system 28 and player
data 30.

The dynamic classes 50 of the main game logic include
enemy logic 52, level specific data 54, and level specific logic
56. The enemy logic 52 loads and runs an update code for the
various enemies in the game. The level specific data loads
models and data for the current level. The level specific logic
runs the logic code for the current level and enables the user
to play through the game.

A physics engine 58 provides input to the main-game logic
20, and to the game framework 60. The physics engine 58 1s
part ol an open source Ploobs game engine for XNA. It takes
the data from the main game code and simulates it physically,
allowing for realistic movement and effects.

The game framework 60 comprises an XNA studio frame-
work that takes the data for the positions of the models,
texturing, efiects, and any other relevant data and renders it. It
then prepares the data for display to the user.

The game framework 60 provides data to the graphical
output 62. The graphical output 62 comprises a scene that 1s
rendered to a graphical display so that the user can see how
their actions and mental state are influencing the game envi-
ronment.

The Emotiv® EPOC and the Microsoit® Kinect® systems
provide access to their internal data with software develop-
ment kits (SDKs). Fach system includes a dynamic-link
library and a public interface. A videogame software program
according to one aspect of the present ivention was built
linking 1n both systems and using their respective data to
modily code. Access to Emotiv® and Kinect® data was
enabled using the public interfaces of the SDKs to instantiate
static objects of each class.

The Emotiv® 1interface allows access to state values and
measurements of parameters representing “‘engagement/
boredom,” “frustration,” “meditation.” and “excitement”. The
Emotiv® object caches a parameter of interest and then uses
this value to modulate a videogame parameter. For 1nstance,
to capture an index “EngBor” from the Emotiv® 1nterface,
the following code:

EngBor=¢.emoState. AffectivGetExcitementShortTerm
Score( );

enables videogame to make use of this measurement by
either alfecting videogame behavior directly or 1n conjunc-
tion with Kinect® data.

Emotiv® data can modily a parameter directly. For
instance:

1 (mode==modeEnum.S1ze)

s1ize+=(EmotivState. EngBor™3-.11-s1z¢)/38;
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changes the size of the avatar based 1n part on the “EngBor”™
index defined previously.

Emotiv® and Kinect® output can be used cooperatively.
For example:

i (Playermode=—=PlayermodeEnum.Light && Kinect.
tracking)

PlayerLight.LightPosition=Kinect.NewlJomntData[3 ]+
Vector3.Up*10;

PlayerLight.LightRadius==EmotivState.EngBor*70;

Here, 11 the Kinect® 1s actively tracking, and the player
mode 1s appropriate, the Kinect® data will control the posi-
tion of a light beam wielded by the avatar and the Emotiv®
output will affect the radius of the light beam.

Additionally, the Emotiv® data can be used to modulate
Kinect® output directly.

For instance:

playerSpeed=(Player.mode=Player. modeEnum.Speed)
?EmotivState. EngBor*80): 25+Player.s1ze*10);

Drawing.Skeletonobj.SkeletonController.speed=-player-
Speed;

In this example, the speed of the Kinect® skeleton (avatar)
object 1s proportional to the player’s “EngBor” index, defined
previously, or to the size, depending upon the player mode.

A second embodiment makes unnecessary the need for
working with a programming language to develop an entire
videogame ab inmitio that incorporates the physiological
modulation function. This second embodiment eliminates
this programming requirement by employing software appli-
cation components that translate the outputs of the motion
detection and physiological sensing technologies 1nto key-
board commands, the native control language of the game.

The second embodiment makes it possible to physiologi-
cally modulate commercial off-the-shelf videogames or
simulations by having the Kinect and Emotiv signals input
separately by different paths 1into the game or simulation. The
Emotiv signals affect the avatar’s capabilities within the game
by executing commands that ordinarily are executed by
manual keyboard or mouse action. In this way, the effects on
the game of the player’s movement, captured by the Kinect
technology, are modulated within the game.

The functions of positive and negative remnforcement
described heretofore can be expressed through the natural
mechanics of the game 1tself. Notably, the player’s estab-
lished rank of a skill 1n a certain weapon or ability 1s normally
a feature that grows over time through practicing that ability
and results 1n improving the player’s competency with that
weapon or ability. However, with the second embodiment, the
level of a player’s rank 1n a specific skill 1s tied to certain
levels of the player’s physiological signals. This form of
modulation, while affecting the player’s competency in a
certain skill, does not actively disrupt signals from the mput
device, but, rather, indirectly changes the response of the
player’s avatar to the given circumstance (e.g., a physiologi-
cally modulated sword skill will atfect how many times the
player must cause the avatar to swing the sword to defeat an
opponent).

A system according to the second embodiment effects the
following modulations of Kinect® functions:

Sword skill: The in-game mechanic titled one handed skill,
which affects how much damage the avatar will do to an
opponent with one swing of their sword, 1s made directly
proportional to the player’s level of excitement as registered
by the Emotiv device. Higher levels of excitement result in
more damage done to an opponent. This in-game mechanic 1s
modulated 1n this way in the second embodiment by emulat-
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ing keyboard commands through the Emokey software and
script extenders to the game console during gameplay as
described herein.

Archery skill: The in-game mechanic titled archery, which
aifects how much damage the avatar will do to an opponent
with one arrow fired from their bow, 1s made mversely pro-
portional to the player’s level of frustration as registered by
the Emotiv device. This will also atfect whether the player can
or cannot use the zoom-in feature when having the avatar
draw an arrow. Higher levels of frustration result in lower
levels of damage and potential loss of the ability to zoom-1n
on a target. This in-game mechanic 1s modulated 1n the second
embodiment by emulating keyboard commands through the
Emokey software and script extenders to the game console
during gameplay as described herein.

Sneak skill: The in-game mechanic titled sneak, which
aifects how well the avatar can remain out of sight when 1n
close proximity to enemies, 1s made mversely proportional to
the player’s level of excitement as registered by the Emotiv
device. Higher levels of excitement result 1in the avatar being
casier to detect by opponents. This in-game mechanic is
modulated 1n the second embodiment by emulating keyboard
commands through the Emokey software and script extenders
to the game console during gameplay as described herein.

Magic skill: The in-game mechanic titled destruction,
which affects how much damage the avatar will do to an
opponent with the flames abaility, a stream of damaging fire
the avatar can shoot from their hands, 1s made directly pro-
portional to the player’s level of meditation as registered by
the Emotiv device. Higher levels of meditation result in more
damage done to an opponent. This mn-game mechanic 1s
modulated 1n the second embodiment by emulating keyboard
commands through the Emokey software and script extenders
to the game console during gameplay as described herein.

With reference to FIG. 3, a system according to the second
embodiment of the present invention includes the following
hardware and software components that are configured to
implement the 1nnovation 1n a demonstrative game environ-
ment:

1. Microsoit Kinect: An off-the-shelf motion sensing input
device 301 that tracks a game player’s extremities, specifi-
cally their arms, legs, and head as well as torso movements

such as leaning or crouching.
2. Flexible Action and Articulated Skeleton Toolkit

(FAAST): A software toolkit 302 that translates (binds)
motion signals from the Kinect into keyboard commands, 1.¢.
how the game 1s normally controlled. FAAST can also bind
certain hand gestures to mouse control/clicks.

3. Emotiv EPOC EEG Headset: Electroencaphalographic
signal sensing and analysis technology 303 that translates
EEG signal patterns into several categories of user psycho-
physiological state: excitement, frustration, meditation, and
engagement/boredom. These mental states are graphically
displayed by the software and, using Emokey software,
selected levels of a state can be assigned to keyboard com-
mands.

4. Script Dragon Skyrim script extenders (plugins): Scripts
extenders 304 are bits of code added to the games folders. In
the demonstrative game environment, the code responds to
the keyboard commands triggered by the EmoKey software.
When triggered, these bits of code activate console com-
mands in the game that change the level of the skill of the
avatar 1n using a weapon or ability and thereby change (modu-
late) the effectiveness of the weapon or ability. Lower skill
levels means less damage/eflectiveness, and vice versa for
higher skill levels.
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5. The Elder Scrolls V: Skyrim: A single-player action
role-playing open world video game 305 chosen to demon-
strate the physiological modulation concept because of its
functionality that allows avatar skill level to be changed as
described 1n 4 immediately above.

The player input elements of motion/gesture and psycho-
physiological state affect the game separately and simulta-
neously. The player’s gestures and movements, sensed by the
Kinect 301 and conveyed to the game by FAAST 302, control
the movement/attacks of the player’s avatar, while the play-
er’s psychophysiological state, sensed by the Emotiv headset
303 and conveyed to the game by EmoKey software and
Script Dragon Skyrim script extenders 304, controls (modu-
lates) the weapon skill or ability skill of the avatar 1n the
videogame 305.

It 1s to be understood that variations and modifications can
be made on the atorementioned structure without departing,
from the concepts of the present invention, and further 1t 1s to
be understood that such concepts are intended to be covered
by the following claims unless these claims by their language
expressly state otherwise.

All cited patents, patent applications, and other references
are incorporated herein by reference in their entirety. How-
ever, 1f a term 1n the present application contradicts or con-
tlicts with a term 1n the incorporated reference, the term from
the present application takes precedence over the contlicting,
term from the incorporated reference.

All ranges disclosed herein are inclusive of the endpoints,
and the endpoints are independently combinable with each
other. Fach range disclosed herein constitutes a disclosure of
any point or sub-range lying within the disclosed range.

The use of the terms “a” and “an” and *“‘the” and similar
referents in the context of describing the mnvention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. “Or” means
“and/or.”” As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
As alsoused herein, the term “combinations thereof” includes
combinations having at least one of the associated listed
items, wherein the combination can further include addi-
tional, like non-listed items. Further, the terms “first,” “sec-
ond,” and the like herein do not denote any order, quantity, or
importance, but rather are used to distinguish one element
from another. The modifier “about” used 1n connection with a
quantity 1s inclusive of the stated value and has the meaning
dictated by the context (e.g., 1t includes the degree of error
associated with measurement of the particular quantity).

Reference throughout the specification to “‘another
embodiment”, “an embodiment”, “some embodiments”, and
so forth, means that a particular element (e.g., feature, struc-
ture, and/or characteristic) described 1n connection with the
embodiment 1s included 1n at least one embodiment described
herein, and can or cannot be present in other embodiments. In
addition, 1t 1s to be understood that the described elements can
be combined 1n any suitable manner 1n the various embodi-
ments and are not limited to the specific combination 1n which
they are discussed.

This written description uses examples to disclose the
invention, icluding the best mode, and also to enable any
person skilled in the art to make and use the invention. The
patentable scope ol the invention 1s defined by the claims, and
can 1nclude other examples that occur to those skilled 1n the
art. Such other examples are imntended to be within the scope
of the claims 1 they have structural elements that do not differ
from the literal language of the claims, or if they include
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equivalent structural elements with insubstantial differences
from the literal language of the claims.

The invention claimed 1s:

1. A method of modifying the effects of sensor input from
a 3D sensor system having full-body 3D motion capture of a
user’s body on a interactive device to encourage the seli-
regulation of at least one physiological activity by the user,
the interactive device comprising a display area which depicts
game or simulation 1images, an apparatus for receiving at least
one 1mmput from the sensor system to thus permit the user to
control and 1interact with at least some of the depicted images,
the method for modifying the effects comprising the steps of:

measuring at least one physiological activity of the user to

obtain at least one physiological signal having a value
indicative of the level of the at least one physiological
activity;

moditying the effects of the user’s input on at least some of

depicted game or simulation 1mages by moditying the
cifects of the input from the sensor system in response to
changes 1n the at least one physiological signal, wherein
the input 1s based on a full-body 3D motion capture of a
user’s body.

2. The method of claim 1, wherein

at least one of the 1mages comprises a user’s avatar that 1s

controlled by the user based on mputs from the 3D
Sensor system;

at least one of the avatar’s abilities 1s modified to thereby

modily the effects of the user’s input on the user’s avatar.

3. The method of claim 2, wherein the at least one of the
avatar’s abilities comprises a one-handed sword skill and a
corresponding amount of damage that one swing of the ava-
tar’s sword will cause to an at least one enemy or at least one
object 1n the display area of the interactive device, constitut-
ing a game or simulation environment.

4. The method of claim 3, wherein the avatar’s one-handed
sword skill and the corresponding amount of damage that one
swing of the avatar’s sword can cause to the enemies or the
objects 1n the display area of the interactive device 1s inversely
proportional to a difference between a player’s current
momentary physiological signal value and a pre-selected tar-
get value for the physiological signal.

5. The method of claim 2, wherein the at least one of the
avatar’s abilities comprises an archery skill and a correspond-
ing amount of damage that one arrow fired from the avatar’s
bow will cause to the at least one enemy or the at least one
object 1n the display area of the interactive device, constitut-
Ing a game or a simulation environment.

6. The method of claim 5, wherein the avatar’s archery skall
and the corresponding amount of damage that one arrow fired
from the avatar’s bow will cause to the enemies or the objects
in the display area of the interactive device 1s mversely pro-
portional to a difference between a player’s current momen-
tary physiological signal value and a pre-selected target value
for the physiological signal.

7. The method of claim 2, wherein the at least one of the
avatar’s abilities comprises an ability to zoom-1n on a target
when drawing an arrow and a corresponding accuracy of
hitting a target with an arrow fired from the avatar’s bow in the
display area of the 1nteractive device, constituting a game or
simulation environment.

8. The method of claim 7, wherein the avatar’s ability to
zoom-1n on a target when drawing an arrow and the corre-
sponding accuracy of hitting a target in the display area of the
interactive device with an arrow fired from the avatar’s bow 1s
inversely proportional to the difference between the player’s
current momentary physiological signal value and a pre-se-
lected target value for the physiological signal.
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9. The method of claim 2, wherein the at least one of the
avatar’s abilities comprises a sneak skill and a corresponding
ability to remain out of sight to an at least one enemy when 1n
close proximity to the enemy 1n the display area of the inter-
active device, constituting a game or simulation environment.

10. The method of claim 9, wherein the avatar’s sneak skill

and the corresponding ability to remain out of sight to the at
least one enemy when 1n close proximity to the enemy 1n the
display area of the interactive device 1s inversely proportional
to the difference between the player’s current momentary
physiological signal value and a pre-selected target value for
the physiological signal.

11. The method of claim 2, wherein the at least one of the
avatar’s abilities comprises a magic destruction skill and a
corresponding amount of damage that a stream of damaging
fire that the avatar can shoot from their hands can cause to at
least one enemy or at least one object 1n the display area of the
interactive device, constituting a game or simulation environ-
ment.

12. The method of claim 1, wherein the avatar’s magic
destruction skill and the corresponding amount of damage
that the stream of damaging tire that the avatar can shoot from
their hands can cause to the enemy or the object in the display
area ol the interactive device 1s 1mversely proportional to a
difference between a player’s current momentary physiologi-
cal signal value and a pre-selected target value for the physi-
ological signal.

13. The method of claim 1, wherein the step of measuring
at least one physiological activity comprises measuring at
least one of

an autonomically-mediated physiological activity;

a Tunctional near infrared spectroscopic signals from a

brain;

a transcranial Doppler bloodtlow signals from a brain;

a brainwave electrical activity, and

at least one facial expression pattern for inferring operator

state.

14. The method of claim 13 wherein the autonomically-
mediated physiological activity comprises at least one of

a) a skin temperature;

b) a skin conductance;

¢) a galvanic skin response;

d) a electrical activity of muscle;

¢) a blood flow through the skin;

1) a heart electrical activity;

o) a heart rate;

h) a heart rate variability;

1) a blood pressure;

1) a respiratory rate; and.:

k) any combinations of a)-7).

15. The method of claim 13 wherein the brainwave elec-
trical activity comprises at least one of

at least one event-related electrical brain potential; and

at least one brainwave frequency band.

16. The method of claim 15, wherein the at least one
brainwave frequency band comprising at least one of

a) delta;

b) theta;

¢) alpha;

d) sensory-motor rhythm (SMR);

¢) beta;

) gamma, and:

g) any combination of a)-1).

17. The method of claim 1, including utilizing the mea-
sured physiological activity of the user to generate an index
relating to a user’s affective state or cognitive state.
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18. The method of claim 17, wherein the user’s affective
state or cognitive state comprises at least one of a user’s
engagement/boredom, frustration, meditation, and excite-
ment and wherein the index comprises at least one of an index
of at least one of a user’s state.

19. An apparatus for modifying the effect of a 3D sensor
system having full body 3D motion capture of a user on an
interactive device, the interactive device comprising a display
area, or image-generating feature for depicting images upon
the display area, constituting a game or simulation environ-
ment, and a feature that permaits recerving control input from
the 3D sensor system, the control input permitting the user to
control and interact with at least some of the depicted images
by movement of the user’s body to provide control input, the
modifying apparatus comprising:

a sensor that measures at least one physiological activity of

the user;

a converter that converts the at least one measured physi-
ological activity into at least one physiological signal
having a value indicative of the level of the at least one
physiological activity; and

a program that modifies the user’s control input to the 3D
sensor system in response to changes 1n the at least one
physiological signal, to thus modity the effects of the
user’s mput on at least one of the depicted images 1n
response to changes in the at least one physiological
signal.

20. The modifying apparatus according to claim 19,
wherein the interactive device comprises software for con-
trolling the displayed images, the control mput comprises
control signals, and wherein the modilying apparatus com-
prises an arrangement to transform the control signals in
response to changes 1n the at least one physiological signal
prior to the control signals being used by the interactive
device software.

21. The moditying apparatus according to claim 19,
wherein

the 1nteractive device comprises software for controlling
the displayed 1mages, the control input comprises con-
trol signals, and wherein:

the modilying apparatus comprises an arrangement to
change the response of auser’s avatar within the game to
inputs from the motion-sensing sensors in response to
changes 1n the at least one physiological signal.

22. The modifying apparatus of claim 19, wherein

the at least one physiological signal comprises at least one
of:

an autonomically-mediated physiological activity, a func-
tional near inirared spectroscopic signals from brain, a
transcranial Doppler bloodtlow signals from brain, a
bramnwave electrical activity, and at least one facial
expression pattern for inferring operator state.

23. The moditying apparatus of claim 22, wherein the
autonomically-mediated physiological activity comprises at
least one of:

a) a skin temperature;

b) a skin conductance;

¢) a galvanic skin response;

d) an electrical activity of muscle;

¢) a blood flow through the skin;

1) a heart electrical activity;

o) a heart rate;

h) a heart rate variability;

1) a blood pressure;

1) a respiratory rate; and:

k) any combination of a)-1).
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24. The modifving apparatus of claim 22, wherein the
bramnwave electrical activity comprises at least one of

event-related electrical brain potentials; and

at least one brainwave frequency band.

25. The modifying apparatus of claim 24, wherein: 5

the at least one brainwave frequency band comprises at
least one of:

a) delta;

b) theta;

¢) alpha; 10

d) sensory-motor rhythm (SMR);

¢) beta;

) gamma; and:

g) any combination of a)-1).
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