US006941239B2

a2 United States Patent

@0) Patent No.:  US 6,941,239 B2

u . : . 6,
Unuma et al 45) Date of Patent: Sep. 6, 2005
(54) METHOD, APPARATUS AND SYSTEM FOR 6,703,936 B2 * 3/2004 Hill et al. ................ 340/573.4
RECOGNIZING ACTIONS FOREIGN PATENT DOCUMENTS
(75) Inventors: Munetoshi Unuma, Hitachi (JP); Shiro Ip 7-96014 10/1995
Nonaka, Hitachianaka (JP); Shigeru
Oho, Hitachinaka (JP) OTHER PUBLICATIONS
) L K. Noro, “Ergonomics Illustrated”, Nippon Kikau Kyokai,
(73) Assignee: Hitachi, Ltd., Tokyo (JP) Feb. 14, 1990, pp. 538-544.
. - . o . M. Unuma et al, “Generation of Human Walking Motion
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this with Emotion for Computer Animation”, Acadamic Society
patent is extended or adjusted under 35 of Electronic, Information and Communication Engineers,
U.S.C. 154(b) by 0 days. D11, vol. J76-D-11, No. 8, Aug. 1993, pp. 1822-1831.
M. Unuma et al, “Fourier Principles for Emotion-Based
(21) Appl. No.: 10/438,944 Human Figure Animation”, Computer Graphics Proceed-
(22) Filed:  May 16, 2003 ings, pp. 91-96.
. .
(65) Prior Publication Data cited by examiner
, Primary Examiner—Kamini Shah
US 2003/0208335 AL Nov. 6, 2003 (74) Antorney, Agent, or Firm—Mattingly, Stanger, Malur
Related U.S. Application Data & Brundidge, P.C.
57 ABSTRACT
(63) Continuation of application No. 09/688,195, filed on Oct. 7
16, 2000, now Pat. No. 6,571,193, which is a continuation  Ap object of the present invention is to provide a method, an
of application No. 08/886,730, filed on Jul. 1, 1997, now apparatus and a system for automatically recognizing
abandoned. . . . .
motions and actions of moving objects such as humans,
(30) Foreign Application Priority Data animals and machines.
Jul. 3, 1996 (IP) eevveiiniieiriniiciiinccinnenne 8-173453 Measuring instruments are attached to an object under
(5D Int. CL7 oo HO4B 7/05; A61B 5/00  observation. The instruments measure a status change entail-
(52) US.CL .ooccvvevraa. 702/141; 702/189; 340/825.49 ~ ing the object’s motion or action and to issue a signal

(58) Field of Search 702/141, 188,
702/189; 340/853.2, 825.49; 345/115, 440,
420, 475, 473; 701/207, 214; HO4B 7/05;

A61B 5/00
(56) References Cited
U.S. PATENT DOCUMENTS
5267154 A 11/1993 Takeuchi et al. ............ 345/473

5,483,630 A * 1/1996 Unuma et al. .............. 345/475
6,466,232 Bl * 10/2002 Newell et al. .............. 345/700
6,526,395 Bl * 2/2003 MOITIS ..coeeveereurernanne 706720

USED ONLY WHEN

denoting the measurements. A characteristic quantity extrac-
tion unit extracts a characteristic quantity from the measure-
ment signal received which represents the motion or action
currently performed by the object under observation. A
signal processing unit for motion/action recognition corre-
lates the extracted characteristic quantity with reference data
in a database containing previously acquired characteristic
quantities of motions and actions. The motion or action
represented by the characteristic quantity with the highest
degree of correlation is recognized and output.

10 Claims, 45 Drawing Sheets

CONTAINING
CHARACTERISTIC
QUANTITIES OF

MOTIONS ACTIONS
4 5 7
] ! ) 4)1
SIGNAL SIGNAL POSITION
AD CHARACTERISTIC| | PR
CONVERTER [+ QUANTITY | UN%CECS)g’NG MAEFI'S#E]M a
EXTRACTION MOTION/ ACTION
UNIT RECOGNITION

MEASURED
OBJECT'S POSITION

8

OUTPUT LNIT

THAT
OUTPUTS
RECOGNIZED
RESULT




US 6,941,239 B2

Sheet 1 of 45

Sep. 6, 2005

U.S. Patent

! Z
1INS3Y NOILINDOO3IH m LINQ NOILOVHLX3
Q3ZINDOOIY |_ NOILOV ALILNVNO | | H31H3ANOD |
SLNdLNO LYHL ™1 /NOILOW HO4 LINA [ OILSIHILOVHYHD [ arv
LINN INdINO |  [DNISSIO0Hd TYNDIS WNDIS
{ ( s { {
8 i L S b
— TN
SNOLLOY / SNOILLOW 6
40 SIILINYAD
OILSIHILOVHVHO |«
ONINIVINOD Lng 38
3Svg viva| OL S 3sva viva
NIHM ATNO a3sn

—

9

L OId




US 6,941,239 B2

Sheet 2 of 45

Sep. 6, 2005

U.S. Patent

SNOILOY /

SNOILOW 40 S3ILILNYND

dSv8Yiva OLNI A3H0LS

OILSIH3LOVHYHD 40

(

oe

NMOQJ ONIAT

ONILLYNDS

ONINNNY

ONIMTYM

¢ Ol

>sz:0wmu w_@._. NMOQ SNIAT
—~ 174
9¢ Am ................ 7230
WNY173dS NOILYH3 1300V
>Ozm,50mmu_ ws_F HNILLYNOS

mmm-m Au J Mlmm w

WNYL934S NOLLYHI300V
\GZm:omE 3NIL ONINNNY
WNY.1D03dsS zo_..,,d‘mm_._uooq,ﬂ
>ozm30mmu_ msE ONDIYM
NOILYH3 1320V Z
._<zo_h<:><mo
-
NNY1D3dS NOILLVYH31300V
1SIVM JHIL
WNYL103dS
ADNINOINS 1Y HOSNIS NOILYHI1I0OY

A8 NIMVL SINIWIHNSYIW

N

14

m

0¢




US 6,941,239 B2

Sheet 3 of 45

Sep. 6, 2005

U.S. Patent

912
U l_m>ml_ \\\ “ rT7TTTTITTTTIX -m ;
£1g d T 91g “
g 13A31 _ _ m
m&\\ __ | | SLNINOdINOD
Y 73A37 | “_ | INTTIAYM
L |
AL |
NOILYHI1300Y _“ =3
WNOILVLIAYHD ~ 6}
_ NOILYHII300Y

0Le ONIIVM



US 6,941,239 B2

Sheet 4 of 45

Sep. 6, 2005

U.S. Patent

17INS3H
J3ZIND0OO3H
S1NdLNO |-
1VHL
1INN INdLNO
( Z
8
NOILIN®QD3H 1INN NOILVZITYWHON ONVY
NOILOV / NOILOW NOILOVH1X3 INIWNIHNSVIN
404 1INN j= ALILNYND | JNIL NOILOW H31H3IANOD
ONISS3O0Hd JILSIH3LOVHYHO H04 1INN ay
IYNDIS IVNDIS NOILYZITYINHON
( ( { Mu
VA m g lCo
~ T
SNOILJY / SNOILOW L _6
40 S3ILIINVND
JILSIHI1LOVHVYHO L
ONINIVANOOD 11Nng 38
asva v.iva Ol S| 3Svaviva
ﬂU NIHM ATNO d3sn

9




U.S. Patent Sep. 6, 2005 Sheet 5 of 45 US 6,941,239 B2

229
e

REQUIRED

| MOTION TIME |

-
L oaa]

ACCELERATION

TIME

FIG. 5(a ) GBSERVED WAVEFORM

DG COMPONENT — 223

REPRESENTING

GRAVITATIONAL

ACCELERATION 224

/_/

4 / SPECTRUM REPRESENTING
FUNDAMENTAL FREQUENCY
OF MOTION

) TYPICAL RESULT OF HAVING OBSERVED WAVEFORM

PARTITIONED BY WINDOW FUNCTION AND SUBJECTED

TO SPECTRUM ANALYSIS

SPECTRUM
INTENSITY

(e

FIG. 51

REQUIRED MOTION TIME (222) IS
PARTITIONED FOR FREQUENCY
ANALYSIS, OR SPECTRUM (224 ) 1S

-

=> PARALLELLY TRANSLATED 70 FIRST -
T 225 ORDER HARMONIC
Q|
( FREQUENCY WITH REFERENCE
293 TO SINGLE STEP

FI@G. 5(c) CHARACTERISTIC QUANTITIES NORMALIZED BY USE OF
MOTION TIME



US 6,941,239 B2

Sheet 6 of 45

Sep. 6, 2005

U.S. Patent

17NS3YH
A3ZIND023H
S1NdLINQ j=
1VHL
1INN 1Nd1NnO
( Z
8
NOILINSQOD3Y 1INN LINN
NOILOY / NOILOW NOILOVH1X3 NOILOVYHINOD
HO4 1INN | ALIINYNO aONY NOISNVYdX3 |= d31H3IANOD
ONISS3IO0Hd OILSIHILOVYHYHD WHO43AYM arv
TYNDIS TVYNDIS a3Ayg3sa0
Yo ; 82 ;
L}
N
(SNOLLOY / SNOILLOW e
40 S3LLILNYND NOLLOVHLX3
OILSIHILOVHVYHD |« ALILNVND
ONINIVLINOD OILSIHI1OVHYHO
3sva viva TYNDIS £

ﬂo\mu T 9 B4



U.S. Patent Sep. 6, 2005 Sheet 7 of 45 US 6,941,239 B2
6
DATA BASE
CONTAINING
CHARACTERISTIC
QUANTITIES OF
MOTIONS / ACTIONS
331 302 333
CHARACTERISTIC HARACTERISTIC HARACTERISTIC
QUANTITY UANTITY QUANTITY
C
\ 304
CHARACTERIST!C
QUANTITY
COMPOSITION
UNIT
(A+B+C)
7
8
1? Y ? 2
SIGNAL
EXTRACTED PROCESSING %ﬁ’g{’ UOTUlTJPNL'JTTS
CHARACTERISTIC —! UNIT FOR ———» RECOGNIZED
QUANTITY MOTION / ACTION RESULT
RECOGNITION




U.S. Patent Sep. 6, 2005 Sheet 8 of 45 US 6,941,239 B2

FIG. 8




U.S. Patent Sep. 6, 2005 Sheet 9 of 45 US 6,941,239 B2

FIG. 9

401
!
ACCELERATION
RECOGNITION
DEVICE

402
)

VELOCITY
RECOGNITION
DEVICE

4?5 8

)
RECOGNITION DEVICE QUTPUT UNIT
FOR OVERALL JUDGMENT| __| THAT OUTPUTS
THROUGH INTEGRATION RECOGNIZED
OF GATHERED RESULTS RESULT

//

403
!

POSITION
RECOGNITION
DEVICE

404
1

BIOLOGICAL
DATA
RECOGNITION
DEVICE

AN




US 6,941,239 B2

Sheet 10 of 45

Sep. 6, 2005

U.S. Patent

11NS3y
(J3ZINDOO3H

SINdLNO f=

1VYH1
LINN 1Nd1NO

{
8

NOILISOd S, 103rgo NOILINDOO3H 1INN
a3HNSY3IN NOILOV / NOILOW NOILOYYH1X3
1YHL 1INN | 404 LINN | ALILNYNOD |=—{ H31HIANOD
INIWIHNSYIN ONISS3O0Hd OILSIH3LOVHVYHD av
NOILISOd TYNDIS TYNDIS
( { ! { {
Iy / S ¥
N
(SNOLLOY / SNOLLOW 6
40 SIILILNYND
DILSIHILOVHYHO |«
ONINIVINOD 11ung 39
3Sv8 viva| Ol Sl 3svg viva

S

9

N3IHM ATINO a3sn

0oL Ol




U.S. Patent Sep. 6, 2005 Sheet 11 of 45 US 6,941,239 B2

*SQUATTING
121

52

WALKING
3-2




U.S. Patent

61
.

MOTION / ACTION
RECOGNITION
DEVIGE

(FOR SINGLE
MOTION )

Sep. 6, 2005

FIG. 12

62

STORAGE UNIT
THAT STORES
HISTORY OF

MOTIONS / ACTIONS

Sheet 12 of 45

US 6,941,239 B2

65

ASSOCIATIVE
PROCESSING

UNIT

]

2
OUTPUT UNIT THAT
OUTPUTS RECOGNIZED
RESULT

63

—

ASSOCIATIVE
PATTERN
STORAGE UNIT

~—




US 6,941,239 B2

Sheet 13 of 45

Sep. 6, 2005

U.S. Patent

8 —~ HOO1d IHL NO NOILYH3dO 3ATVA

= =~

€8 —~

F1GYZINDODIUNN

ONILLYNDS

3SVOHIVLS

ONDITVAM v ONION3DS3a

20 —_ NOILYOO1 Q3LVAI13 NY
1V NOILYH3dO IT0SNOD

44

N 4300V

18 ~{318YZINDOD3ENN]  ONINTYM v oaaady] \
3ISYOHIVLS
\ 378YZINDOOIENN|  ONILLYNDS ONDITYM |, o, ISVOUIVLS ONI¥TYM
h -~ 8 INGWD3s =
£
1L
4300V

JIGVZINDOOTUNN|  ONINTYM v oaaddv] ONDITYM dOLS \

- ~ ¥V INGWD3S g EL B



US 6,941,239 B2

Sheet 14 of 45

Sep. 6, 2005

U.S. Patent

SNOILOW 3ON3H343H
ANV d34NSV3N

3ON3H34dId N33IML38 30N3H344I0 1IN NOILOVHLX3
d3ZIND003Y | S31VINOIVO | ALILINYND d31H3IANOD
S1NdiNO 1VHL | IVHL LINA| JI1SIH31IVHYHO a/v
LINN LNd1N0 ONISS3004dd TYNOIS TVYNDIS
{ { ( {
€6 c6 S 14
.
SNOILOW J0ON3H343H
40 S3ILIINYNO
J11S1431LOVHVYHO
ONINIVLNOD
3SvE V1vd
S —
|16




US 6,941,239 B2

Sheet 15 of 45

Sep. 6, 2005

U.S. Patent

SININOdWOO 3ONIHIAHIa IALLOW (D) NOILOW @3dnsvaw ( q ) NOILOW JON3H343H (B)

AON3ND3HS AON3NO3H4 AONINO3HS
~=rp g

SOl

SNOILOW 3DN3d343d

any 43dnsvaw NIavize (g) 9 Mw ‘D

FON3H34410 TIVNS vV ONILVINDTIVYO

WNHLO3dS
WNHL103dS
WNHLO3dS

SLNINOJWOD 3ON3Y344IG IAILOW (0 ) NOILOW a3Hnsvan (g ) NOLLOW 30N34H343d (&)
AON3ND34 AONINO3IHA
o e

WNH103dS
WNY1O3dS
WNHLO3dS

SNOILOW 3ON3H343d

GNV 03UNSYIW N3IMLIE (/) @M\ ‘B

3ON3H344Ia 3OHYT V¥V ONILYINOIVO



US 6,941,239 B2

Sheet 16 of 45

Sep. 6, 2005

U.S. Patent

J3ZIND0D3Y
IsSNvyD 318v80Hd
S1Nd1NO |-
1VYHL
LINN 1Nd1NO
{ Z
!
NOILOW SNOILOW JON3H343d
TYIWHONEY 40 ANV a34nSvyaw 1INN
3SNvD 319v804d N33IML3g 3IONIYISIQ NOILDYH1X3
S3ZINDOD3Y = S3LYINOTIVD ALILNYND H3LHIANOD
L1YHL 1INN LVHL LINN|  |DILSIHILOVHYHD a'v
ONISSIOOHd TYNDIS ONISSIT0Hd TWNOIS TYNDIS
( ) ( A { {
AN 26 g 4
— ~ T
SNOILOW TYWHONEY SNOILOW 3ION3H343Y
40 S3ILLLNYND 40 S3ILILNYND
DILSIHILDVYHVYHO DILSIHILOVHYHD
ONINIVINOD ONINIVINOD
asvg v.ivda 3Svg v.iva

FEL

16




US 6,941,239 B2

Sheet 17 of 45

Sep. 6, 2005

U.S. Patent

D 103r8o
30 AJOLSIH NOILOV/
NOILOW ONINIVLNQD f=

J 103rao
Ol d3HOVLLY

3Svg vivd

W3LSAS
NOILVYNIVAI

INILINOD MHOM

{

g 103rao
121 40 AHOLSIH NOILOV/
NOILOW ENINIVLNOD (=

301A30 NOILINDOO3Y

NOILOY / NOILOW
{

el

g 103rgo
Ol d3HIVLLY

asve v1vd

W3LSAS
NOILYNTVAI
ALNIGYAHOM

(
9zl

VY 103rg0
40 AHOLSIH NOLLOVY/
NOILOW ONINIYINOD =

30IA3d NOILINDOO3H

NOILOV /NOILOW
{

T4

3sva viva

el

8L Ol

gl

v 103rd0
Ol 3HOVLLY
30IA30 NOLLIN®OOJ3H

NOILOV / NOILOW
(
0ct




US 6,941,239 B2

Sheet 18 of 45

Sep. 6, 2005

U.S. Patent

L~ 0 103rdo il ————
40 AHOLSIH NOILOY / ! 39IA3Q D 193rg0 OL |-
NOILOW ONINIVINOD —H  NOILND023d| | g3HOVLLY 301A3d
3sva viva | INOILOY /NOILOW| [NOILd3IDIH HIAHO [~
rllml llllllllllllllllll ml IIIIIIIIIIIIIIIIIII
zel el
WILSAS
NOILYOOTIY 3WIL
MHOM WNNILDO
N g8 103rgo i e !
Ll 40 AHOLSIH NOILOV / ! ERIEL g 193rg0 Ol j=
NOILOW DONINIVINOD t=—H  NOILINDOO3Y| | QIHOVLLY 3IDIA3al !
3Svg Vivd | INOILOV /NOILOW| |NOILd3D3H HIQHO |~
W3LSAS ] |
NOILYOOTY B S —— AU
JANNOSH3d ! el
WNWILJO
(
vel v 103rd0|  yrmommmmmom oo .
40 AHOISIH NOILDV/ 30I1A3d V 103rg0 Ol |=
NOILOW DNINIVLNOD | NOILINDOD3d | | @3HOV.LLY 30IA3Q

m1
3Sva vivd _m NOILOV /NOILOW| [NOILd3DO3H H3AHO [
L

4

0! 6L Ol



US 6,941,239 B2

Sheet 19 of 45

Sep. 6, 2005

U.S. Patent

\\1
SNH311vd

NOILOW JidI03dS
S3HOLS LVYHL
LINN FOVHOLS

(30v1d HOSINH3dANS OL 1INN
S, HOSIAH3dANS LV) LINN INIWIONNONNY HOA = DNISS300Hd
NOILd303H 3OVSSIN LINN NOILYO!4ILON JAILVIODOSSY
( n\ n\ ( (
YAt 14

AHOLSIH
NOILOV /NOILOW
S3HOLS LVYHI (=

1INM FOVHOLS

¢9

Oc ©id

( NOILOW

3JTONIS HOJ)
30IA30
NOILINDOO3H
NOILOV / NOILOW

{
19




U.S. Patent Sep. 6, 2005 Sheet 20 of 45 US 6,941,239 B2

151
MOTION/ACTION
» RECOGNITION METHOD
AND APPARATUS
165 157
0 | B |

BEHAVIORAL | | BEHAVIOR BEHAVIOR
ANALYSIS TRACKING MONITORING




US 6,941,239 B2

Sheet 21 of 45

Sep. 6, 2005

U.S. Patent

J4N1S3ID
40 ONINV3IW
SINdINQ [=
1VYHL
1INN 1Nd1NO
( 2
£9l
NOILINDOO3Y LINN
301A3d NOILOV / NOILOW NOILOVYH1Xd
NOILINDOO3YH |= HOd LINM | ALILNYNO f=— Y31HIANOD
34Ni1s3d ONISS3004d Q118143 LOVHYHO arv
TYNDIS TYNDIS
N m I . !
c9l l ] 14
W N
318Vl SNOILOV / SNOILOW
NOILYISNYYH L 40 S3IILILINVND
34NLS3D OILSIH3LOVHVYHO
ONINIVLINOD ONINIVLNOD
asSva viva m@ £
191 9



US 6,941,239 B2

Sheet 22 of 45

Sep. 6, 2005

U.S. Patent

68l bl
! {
30IS DNIHOLINOW
T DNIHOLINO 30IS A3HOLINOW
EmMN_%%owmm LN LN 30IA3a ) 1INN
1NO LVHI |~ NOILINDOOIH |~ INIWIHNSYIW
1INN 1NdLNO NOILd303Y NOISSINSNYH.L NOILOY / NOLLOW JONVHD SNLYLS
( ? f ? 4 {
9/1 281 K \\N\\ o\ 191 5/ L2)
£8l
i 6/l
! {
3QIS BNIHOLINOW 30IS GIHOLINOW
IR e S ©
Emumﬁ S 0 wwsmo LINA LINN NIWIHN ¢z:
dLNO 1VHL |= NOILINDOOIH - INIWIHNSYIW
LINQ LNd1NO NOILOY / NOILOW NOILd3O3Y NOISSINSNVH.L JONYHO SNLV1S
t { ¢ f 0 X
9/1 S/ il K L1

8L

XANIIE |

—z d 2Ll



U.S. Patent Sep. 6, 2003 Sheet 23 of 45 US 6,941,239 B2
r ™ r T
192 193
) ?
MOTION / ACTION RECOGNIZED
RECOGNITION ~ RESULT
DEVICE RECEPTION UNIT
195 196 197
E ) 1 )
FEE BALANCE PREPAID FEE
FEE BALANCE
~—={ CALCULATION |- ~ HANDLING FEATURE
STORAGE UNIT UNIT CONTROL UNIT
§ MONITORED SIDE J | MONITORING SIDE
4 ™
192 193
2 ?
MOTION / ACTION RECOGNIZED
RECOGNITION RESULT
DEVICE RECEPTION UNIT
198 199 200
Y ) ! 2
ORDERING — PROCESSING
ONIT RECEPTION UNIT || [
MONITORED SIDE | MONITORING SIDE )




U.S. Patent Sep. 6, 2005 Sheet 24 of 45 US 6,941,239 B2

FIG. 27
- N A
192 193
? !
MOTION / ACTION RECOGNIZED
RECOGNITION = RESULT
DEVICE RECEPTION UNIT
202 203
? )
DEPOSIT REIMBURSED
REIMBURSEMENT > DEPOSIT
ORDERING UNIT PAYMENT UNIT
. MONITORED SIDE J | MONITORING SIDE

s N [ ™)
192 193
) !
MOTION / ACTION RECOGNIZED
RECOGNITION ~| RESULT
DEVICE RECEPTION UNIT
iy 206
RESPONSE UNIT
FOR RESPONDING | | | | ENTRY/EXT,
TO ENTRY /EXIT _[= 7| VERI
VERIFICATION UNIT
207
2
ANNOUNCEMENT
UNIT
__MONITORED SIDE | | _ MONITORING SIDE |

.




U.S. Patent Sep. 6, 2005 Sheet 25 of 45 US 6,941,239 B2

ey C 10 - d
E _ = ) 11
2 e 2F(m)=10 3 | ) 2G(m)=10
W |—
= = T
Z F(1) < G(1)
= =
D =2
= Fin) & Gn)
O O
o - & -
® 0123 e ® 0123 e
FREQUENGY FREQUENCY

/

/

H(m) = { G(m), F(m)>G(m)
F(m), F{m)SG(m)

290 (OVERLAID PART)

SPECTRUM INTENSITY

01238 .. o
FREQUENGY



US 6,941,239 B2

&

]

SNLvdyddy ODNISS3HdX3
MHOM / NOILOV / NOILOW
— AQO8 — 3HNLONHLS

— NOILVINJILEY

[Mvm]

NOILINDOO3H
40 11NS34

Sheet 26 of 45

Sep. 6, 2005

U.S. Patent

{ 4
se0} [Mvm]

— B
AHOM HO/ANY
SNOILOV 'SNOILOW
ONISS3ddX3 NI 39N
HO4 S3ILILNYNO
JILSIH3LOVYVHD
ONINIVLNOD

3svg vivd

AU

€01

N
ol

ONIZINDQDO3H HHOM
[ NOILOY / NOILOW

SN1vdvddv

m
£e0t

'l

—

SNOILOV ‘'SNOILOW
ONIZINDOD3H NI 38N
HOd4 S3ILILNVNO
OILSIH3LOVHVYHO

U €

—
HHOM HO/ ONV

ONINIVINOD
asve viva

0E0t

og Oid



U.S. Patent Sep. 6, 2005 Sheet 27 of 45 US 6,941,239 B2

FIG. 31

1041

CHARACTERISTIC
QUANTITIES

[WALK] : B (w)
[LEISURELY WALK] :

GLEISURELY ()
[ BRISK WALK] : Gsrisk (w)
[RUN] : Grun(w)

~— _
e

SYNTHESIS OF
CHARACTERISTIC QUANTITIES ]

J{w)=B(w)+ZW, Gn(w)

b

[] ( { ) _ F—f[J (60) ] b

g

A HUMAN BODY IS DISPLAYED BY
ANIMATION USING COMPUTER
GRAPHICS BY CONTROLLING
ARTICULATION ANGLES OF THE
WHOLE HUMAN BODY




US 6,941,239 B2

U.S. Patent Sep. 6, 2005 Sheet 28 of 45
105
RECOGNITION 0 1041
RESULTS 2
RECOGNITION | UKELIHOGD
ITEM DEGREE CHARACTERISTIC
WALK. Wwa QUANTITIES FOR USE IN
LEISURELY WALK | WicisureLy /EXFT)E)ENSSTSD%EONS’
BRISK WALK WBnRisk c S WORK
RUN WRruN

| |
| |
} CHARACTERISTIC || CHARAGTERISTIC CHARACTERISTIC|[CHARACTERISTIC |
_’PQUANTIW FOR [{QUANTITY FOR {|QUANTITY FOR QUANTITY FOR }
1 |WALK : Gwalk LEISURELY BRISK WAIK : RUN: G run |
i WALK : G eisureLy || G srisk |
|

J(w)=

QUANTITIES BY CONTROLLING
WEIGHTS

Wiaik (B (w)+ZW, G, (w)}
SYNTHESIS OF CHARACTERISTIC

1

ANIMATION DISPLAY



US 6,941,239 B2

Sheet 29 of 45

Sep. 6, 2005

U.S. Patent

AR

NOILINSOI3H WYHD0H103dS
40 AV1dSia INIWIAOW - AQO8 (U)
NOILYWINY £ cL0}

(5) /

. . . . i -; rem— ] L GZ0I
ZH 0% ¢ 0c Ol \ 00 | R __.______E.._.lwz_vv‘_m_ﬂ.m\/\ 20}
1 | \N “ ,____s,.___l_ﬁn__._ga ATYNSITY~ /0L
—— AON3IND3IHd — ; 9 |
~—— 399A0 - LIYD ] - ! m_.._:_wmm zOEzOOOmmA ) .“
— 1V ALILNVNO 3NIL s 1 R
~OILSIHILOVHYHO(S) o rmw<mu>< zo_b\mﬂmooiﬂuoo \\59
, — 4 —~c1 |
ZH oY 0t 0z 01 ws__._. _ ; >
[H — INHOJ3AYM omm:mﬁi ). 8
L] N _ AA A 00
~—yernf I
— WNYLO3dS m _, AT, B
Ihzm&w\m@ﬁ (5)71R —(—y 7T M7V S U
T © 1534 T IHYIS—— MSHE ] 5
£ ; H / —

nmsﬁ 290} 8901

£e Old



US 6,941,239 B2

Sheet 30 of 45

Sep. 6, 2005

U.S. Patent

AR,

NOILINDOO3d 40

S1Ns3d W

NYHD0H103dS
INIWIAOW - AQO8 (Y)

AV1dSIA NOILYIWINY (0 ) |— 0801
Z4 o..q 0e 0z 01 o~.o g} -
= ADN3IND3INA = JOVHIAY .
Z310AD - LIvD 2ol ——NOILYH3T300V (9 )——— o
—1V ALLLNYND N
DILSIHILOVHYHO( ) 0 P
ZH 0P 0¢ 0'¢ 0’1 W
E IINISSES s WY Y A 00 K
1 ANV &
- WNNH1D3dS N ! V 1 m
-INSWIAOW , I ] 3
———Ad0d(e) —WHOJIAVM G3ENSVIW (8] . 5




US 6,941,239 B2

Sheet 31 of 45

Sep. 6, 2005

U.S. Patent

LODOU RO

S11nS3y
NOILINDOO3Y %
40 AV1dSid

NOILYWINY (6 ) L

WNVYHDOH103dS
INIW3IAOW - AQOSg (U)

. —— 1801

ZH Oy 0¢ 02 0l ) 00
AON3ND3IHS I10AD ==

-1Iv9 LV ALILNYND 20
—DILSIHILOVHYHO A_:

vo

39VYHIAY NOILYHIT1320v (q) ]

9
'

<
S

w
~—

Ov 0t 0¢ 0l

ZH
..:r ] [ﬁ EL

L 7

I%%éi

NNHLO3dS INIWIAOW - AQog (8)

—WHOJIAVM Q3HNSYIW (B )

<
=]

<
o

<
~

(9) NOILLYHITIDOV

geg OlA




US 6,941,239 B2

Sheet 32 of 45

Sep. 6, 2005

U.S. Patent

S11NS3H NOILINDQO3d

WYHDOH103dS
INIWIAOW — AqOg (u)

40 AVdSIQ NOILVAINY (6) ¥80}

ZH 0y 0€ 02 0L _ 4 mwkmméq —51-
——AanRadd J10A0 20| —NOLLYHITAOOV (4) 00
———OILSIH3LOVHYHO (1) — Vo e -

ZH 0y o€ g 01 # b
ﬂ “ 0 8
~ _ _ N N 00 &

= i N dnvdj)PTlll W
= INSHERON H | = — WHOL3AYM — 02 3
- Agog(8) N \ __ a3unsvan (e ) =
: ‘ w op O
, | -

meo_1 /Nwor




US 6,941,239 B2

Sheet 33 of 45

Sep. 6, 2005

U.S. Patent

—
W\ SONITTING

40 SHOIM3LINI JHL
NO NOLLYWHO4N!
dO NOILYWHOANI

TVOIHAYED03D
ONIHOLS
404 1INN 3DVHOLS

vOLt

ONIQTING 40 SHOIY3LNI 3HL NO
NOILLYWHOINI HO NOILYWHOANI
1VOIHdYHD03D DNIAVIHSIa

H0d LINN HNISSIO0Hd

SN1vYHVYddY

ONISSIO0Hd MHOM
/NOILOV / NOILOW — AQ08 -
JHNLONYLS - NOILVINDILHY

Snivyvddy
ONIHNSY3IN
NOILISOd

= ONI38 - NVYINNH

{

¢t

(

O

& Ol

SN.ivHvddv
ONIZINDOQ3H
AHOM

/ NOILOV / NOILOW

{

00k}




U.S. Patent Sep. 6, 2005 Sheet 34 of 45 US 6,941,239 B2

1105
1106 1110 1107

CAFETERIA CONVERSATION k&
1116 ROOM 11113

RRTLY:
) 1115 ke

1109 tj - H 1111.

&y [1ST 2ND 3RD 4TH 5TH 6TH 7TH
| |PRIVATEPRIVATE |PRIVATE | PRIVATE|PRIVATE | PRIVATE | PRIVATE
=i (ROOM |ROOM |ROOM [ROOM [ROOM |ROOM |ROOM.

1108




U.S. Patent

Sep. 6, 2005

Sheet 35 of 45

US 6,941,239 B2

CONVERSATION

MR./MS. A COLLAPSED.
HISTORY OF A CASE: OOQ.
PHYSICIAN IN CHARGE : OOO.

2

1ST
PRIVATE
ROOM

2ND
PRIVATE
ROOM

i
H

1112

AUTOMATIC
NOTIFICATION
ROOM

E

6TH TTH
PRIVATE | PRIVATE
ROOM




U.S. Patent

1118

Sep. 6,

2005

Sheet 36 of 45

FIG. 40

-

CAFETERIA

3

15T
PRIVATE
ROOM

2ND

PRIVATE

ROOM

————
CONVERSATION
ROOM

US 6,941,239 B2

£

AUTOMATIC
NOTIFICATION

ROOM

E

PRIVATE
ROOM

PRIVATE
ROOM




US 6,941,239 B2

Sheet 37 of 45

Sep. 6, 2005

U.S. Patent

T sonaIng

40 SHOIY3ILNI 3HL
NO NOILYWHOINI
HO NOILYWHOINI

TVOIHdYHD03D
ONIHOLS
HO4 1INN 3DVHOLS

vot}

—_—

ONIa1Ng

40 SHOIEIINI 3HL
NO NOILVNHOZNI
40 NOILVYINHOA4NI
TVOIHdYHO03D
ONIAVIdSId HO4
1IN DNISS3IO0Hd

(

eoLt

ONIZINDOO3H

—

" NOILYAY3SEO
HIANN 103790 NV
40 MHOM HO / ONY

SNOILOY "SNOILOW SV

1

AON3OH3IWT

SOLL

/ SNLYHYddY
ONISSTHIXT HHOM

/ NOILOV / NOILOW =
AQO8 — 34N.L3NY1S

/ mE«mé%

Gaii

~ NOILYINJILYY

gchli

Ly "Old

T13M SY SNOILISOd
A3141LIN3A1 ONIHOLS
HO4 LINN 3DVHOLS

SN1vHvddy
ONIHNSYIW
NOILISOd

— ONIF8 — NVIANH

:

Ot

/#\\\llu

0cil

SNLvyvddyY
ONIZINDOO34
AHOM

/ NOILOV / NOILOW

(

00FHH




U.S. Patent

Sep. 6, 2005

Sh

eet 38 of 45

FIG. 42

US 6,941,239 B2

12124
BRISKLY | BRISKLY | BRISKLY
WALKING | WALKING | WALKING | WALKING
t:0OD0sec | t: Alsec | t: XOsec | t: Ollsec
x:O0m | x:xOm | x:00m | x:AOm
y:AAm |yl AQm [y:xAm [y:OAm
Z:XXm | z.:XXm Z.XXm z. XUm
STANDING | STANDING
1122~ WALKING | WALKING STILL STILL
t:0OAsec | t: AAsec | 1: XAsec | t: OAsec
X A0m | x:O0m | x:0O0m | x: AAm
y:AOm | y:Udam [y:AAm |y:AAm
NP~ z:Axm | z:XOm |z:xxm |2z:00m
LYING LYING LYNG | 1125
COLLAPSING]  powN | DOWN | DowN
t:OXsec | t: AXsec | t: XXsec | t: OXsec
XoXXm [ x:0O0m | x:O0m |x:0O0m
y:OOm | y:00m |y:00m |y:00m
Z.AXm Z.XXm [z2.XXm 2. XXm
\__ J

SPECIFIC MOTION ~1121

PATTERN




U.S. Patent

Sep. 6, 2005 Sheet 39 of 45

FIG. 43

US 6,941,239 B2

BRISKLY
WALKING

CAFETERIA

15T
PRIVATE
ROOM

2ND 3RD
PRIVATE [PRIVATE
ROOM

PRIVATE
ROOM

PRIVATE
ROOM




US 6,941,239 B2

Sheet 40 of 45

Sep. 6, 2005

U.S. Patent

— R
SONIATING

40 SHOIH3INI 3HL
NO NOILYWHOLNI
HO NOILVYNEO4NI

TvIIHdYHO03D
ONIHOLS
HO4 LINN JDVHOLS

- =

/”

\

VoLt

Y

SNLvHvyddY
ONIHNSY3IN
NOILISOd

— DNI38 - NYNNH

GOLI

SONIQTING 40 SHOIYS:N!
3H1 NO NOILYWHOINI
ANV NOILVYIWHOSNI
Tv¥OIHdYHD03D SV

T13IM SY HHOM HO/
ANV SNOILOY ‘SNOILOW
ONISS3ddX3 H04 LINA

1

SONIATING 40 SHOIY34NI
FHL NO NOILVWHO4NI
ONY NOILVAHOINI
TvOIHdYHYO03D WOHA
NOILYAH3SE0 H3ANN
123rg0 Nv 3O NOILISOd
3HL ONIHH33NI HOd LINN

\

cott

SNlvyvddy
ONIZINDODO3Y
HHOM

/NOILOY / NOILOW

{

323

(

ovil

vy Old

\

0041




US 6,941,239 B2

Sheet 41 of 45

Sep. 6, 2005

U.S. Patent

\

vV NOILY1S 3svd

i

0Sitt

GGLl

AT Aaw oy

TONDITYM |

LG11

[ ISY2HIVLS
Y BNION3OSY |

g NOILVLS 3Svg
tSEL

SIS

A13AILO34S3H g ANV V SNOILYLS 3SvE JHL A8 Q3LVHINID SIAVM 21410373 40 8pX ANV
8PA S3ILISNILINI Q7314 - 1410373 3JHL 40 SNOID3YH IHL 40 NOID3IH NOLLONNC

g NOILVLS 3ISv8 IHL A9 J3LLINSNvHL
3AVM D1410313 JHL 40 8PA ALISNALINI 413id -
J1d10373 3HL 40 NOILNEGIHL1SIQ 3HL 40 NOID3Y

3 4

JAVM DIH10313 3HL 40 8PX ALISN3LNI Q1314 -

Y NOILYLS 3Sv8 IHL A9 QILLINSNVHI
% OIH10373 3HL 40 NOILNGIHLSIA 3HL 40 NODIH

St Ol

12211}

=2

¢St

7



U.S. Patent Sep. 6, 2005 Sheet 42 of 45 US 6,941,239 B2

<
e |9
_______ =
<
l_
/&
3 4
- o< 2
e <t
G S
QO ™ —
Ty) UJ%‘D ™
2 B —
- 03
X
L <C
Ik
N
< W
\>LLI

< 5 3

O K 5

——

L Zoe
o
©

o v
®)
© <
:: ’\_—59
©
To) —
[(»] -
— P~
=




U.S. Patent Sep. 6, 2005 Sheet 43 of 45 US 6,941,239 B2

2001 2002 2006
| \ )
[¢p]
2 z l ~\
= =
z zI— N
> > -
| i i |
= =
ol | ol . “
L Ll
a_ a
"’Iiﬂilil 1 “’I]Hi il
FREQUENCY FREQUENCY
STANDARD WALKING LEISURELY WALKING
(WITH A GAIT CYCLE OF (WITH A GAIT CYCLE OF
ABOUT 1.0 SECOND) ABOUT 1.5 SECONDS )
. 2005
=
=11 2003
Ton 2
O az
LLI E uJ ________________________
oO E
NO=<=

ao bo 2004 FREQUENCY
PRINCIPLE OF THE EXTRACTING METHOD



U.S. Patent Sep. 6, 2005 Sheet 44 of 45 US 6,941,239 B2

FIG. 48A

4.0 .
3.5 *
3.0 :
2.5 |

|

2.0 '
| i , _

W VT W

05 w VLI(V VW

0.0 i

ACCELERATION (G)

-0.5
-1.0

TIME
MEASURED WAVEFORM OF WALKING

FIG. 48B

4.0
3.5
3.0
2.5

15 ] \
1.0

05
0.0 III
05
~10 !

ACCELERATION (G)

TIME
MEASURED WAVEFORM OF RUNNING



U.S. Patent Sep. 6, 2005 Sheet 45 of 45 US 6,941,239 B2

FlG. 49

2101 [ WALKING )

. 0036

LV —
e l’ ZII.gSURELY /
o WAKG] f 2104 [ RUNNING |
2 | /
a 0.5—:[ \\ /
§ \ / 2103
o " \ \ \/ [BRISK WALKING ]

|
= | 00066 \ /
' J
0.0 0.2 04 05 o.s 0

SPECTRUM - COMPONENT INTENSITY AT
GAIT - CYCLE FREQUENCY



US 6,941,239 B2

1

METHOD, APPARATUS AND SYSTEM FOR
RECOGNIZING ACTIONS

This is a continuation application of U.S. Ser. No.
09/688,1,95, filed Oct. 16, 2000 now U.S. Pat. No. 6,571,
192, which is a continuation application of U.S. Ser. No.
08/886,730, filed Jul. 1, 1997, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to techniques for measuring
a status change entailing motions and/or actions of a human
being, an animal or a machine (generically called the object
under observation hereunder). More particularly, the inven-
tion relates to a method for recognizing such motions and/or
actions, as well as to an apparatus adopting that method and
a system comprising that apparatus.

2. Description of Prior Art

The basic prior art pertaining to measuring human
motions and work is described illustratively in “Ergonomics
[ustrated” (by Kageo Noro, a Japanese publication from
Nippon Kikaku Kyokai, Feb. 14, 1990, pp. 538-544). The
publication discloses typical methods for measuring motions
and work of humans through VTR-based observation or by
direct visual observation.

Japanese Patent Publication No. Hei 7-96014 discloses a
technique for using acceleration sensors to measure motions
and work of humans. The disclosed technique involves
acquiring vibration waveforms from acceleration sensors
attached to the human body as the latter performs each
motion, subjecting the acquired vibration waveforms to
analog-digital conversion, composing discrete A/D con-
verted values thus obtained into a vibration pattern table, and
comparing for judgment any A/D converted value resulting
from an input vibration waveform with the vibration pattern
table in synchronism with a timing signal output by a clock
in appropriate timings. This technique permits recognition
processing in the same motion or at the same speed as that
in or at which the vibration pattern table is created.

The initially-mentioned conventional methods for mea-
suring motions and work of humans through VIR-based or
direct visual observation have the following major disad-
vantages:

(1) Analysis through VTR-based or direct visual observation
requires the observer continuously to record positions of
the object under observation and the work done thereby.
It takes long hours and enormous effort for the observer
to perform the task.

(2) Blind spots of the object under observation cannot be
inspected through VTR-based or direct visual observa-
tion.

(3) If the object under observation is in motion, the observer
must follow the object by moving likewise.

(4) The object under observation is liable to remain con-
scious of the VIR or of the eyes of the observer.

(5) In observing where the articulations of the object under
observation are positioned, the conventional methods
merely measure and reproduce the articulation positions;
the methods do not allow actions or work of the object to
be recognized automatically. It takes human observers to
recognize the reproduced motions.

The conventional technique subsequently mentioned
above has the following major disadvantages:

(6) Pitch differences are apt to occur between motions of
walking and running. For example, a leisurely walk and a
brisk walk fall within the same “walking” category but
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have different speeds entailing different lengths in the
time base direction between the vibration pattern table
and input vibration waveforms. This makes it impossible
to detect correlations between the vibration waveform
derived from the actual walk and the putatively corre-
sponding vibration pattern table. The result is that motions
of the same kind are erroncously recognized as two
different motions. To recognize correctly the same kind of
motions having different pitches requires additionally
furnishing vibration pattern tables corresponding to dif-
ferent pitches. Furthermore, because pitches usually vary
continuously, it takes many more vibration patterns to
achieve more precise recognition. In short, to accomplish
recognition of ever-higher precision requires a progres-
sively large number of vibration pattern tables.

(7) Where a plurality of motions are to be recognized in
combination, such as when the object is fanning himself
while walking or when the object is walking inside a train
in motion, it is necessary to establish a distinct vibration
pattern for each of the combinations of motions (e.g.,
“fanning during walking,” “walking inside a running
train,” etc.) In addition, where the object is, say, fanning
himself while walking, it is also necessary to establish a
vibration pattern for a case in which the fan is facing
upward the moment the subject’s foot contacts the
ground, and another vibration pattern for a case where the
fan is facing downward the moment the subject’s foot
touches the ground. In practice, viable recognition
requires setting up a very large number of vibration
pattern tables to address diverse instances of motions.

(8) The conventional technique measures only the accelera-
tion applied to the human body and recognizes that
parameter as data subject to recognition. This makes it
difficult to recognize motions such as twisting or like
motion of the body characterized by angular acceleration.

(9) The objective of recognition is limited to intermittent
motions, whereas a human action is generally achieved as
a combination of a plurality of motions. For example, the
action of “sitting on a chair” is composed of motions
“walking,” “stopping” and “sitting” executed continu-
ously in that order. The disclosed conventional technique
has yet to address ways to recognize correctly the action
made up of a plurality of motions.

SUMMARY OF THE INVENTION

An object of the present invention is to overcome the
above and other deficiencies and disadvantages of the prior
art and to provide a method for recognizing with more
precision motions and actions of a moving object such as
humans, animals and machines, as well as an apparatus
adopting that method and a system comprising that appara-
tus.

A more specific object of the present invention is to
provide a method, an apparatus and a system for recognition
capable of achieving the following technical objectives:
(1) Motions, actions and work are automatically recognized

so that the observer is free of undue operative burdens.

(2) Blind spots such as shadows of objects are eliminated.

(3) Observation will not be hampered or interrupted when
the object under observation is in motion.

(4) The object under observation is free of burdens associ-
ated with conventional observation schemes.

(5) The object under observation is not merely measured for
its motions, but also subjected to the recognition or
estimation of its motions, actions and work on the basis of
measured results.

(6) Measurements are not influenced by speeds of motions.
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(7) A plurality of motions are recognized in combination.

(8) More kinds of motion than ever are recognized with
reference to parameters other than acceleration.

(9) The object under observation (biological or mechanical)
is not merely measured for its intermittent motions, but
also subjected to the recognition or estimation of its
motions, actions and work on the basis of a history of
motions.

In carrying out the invention and according to one aspect
thereof, there is provided a recognition apparatus for rec-
ognizing motions and actions of an object under
observation, the recognition apparatus comprising: measure-
ment means attached to the object under observation in order
to measure a status change entailing the motions and actions
of the object under observation; characteristic quantity
extraction means for extracting characteristic quantities
from the measurements taken by the measurement means;
storage means for storing characteristic quantities of the
motions and actions to be recognized by the recognition
apparatus; recognition means for recognizing the motions
and actions of the object under observation in accordance
with the characteristic quantities extracted from the mea-
surements and with the stored characteristic quantities; and
output means for outputting a recognized result.

More specifically, a method, an apparatus and a system for
recognition according to the invention illustratively com-
prise steps or means for performing the following:

(1) Measuring instruments are attached to the object under
observation. The instruments automatically take measure-
ments of a status change entailing motions and actions of
the object under observation. The measured data are
transmitted to the observer.

(2) The status change of the object under observation is
measured by use of an acceleration sensor, a velocity
sensor or a position sensor free of visual or audio means.

(3) Observed results are transmitted by radio.

(4) Status changes are measured at a small number of
observation points where these changes entailing motions
and actions of the object under observation are pro-
nounced.

(5) Characteristic quantities of typical motions or actions are
extracted in advance. The predetermined characteristic
quantities are compared in terms of correlation with
characteristic quantities extracted from the measured data.
From the comparison, a motion or an action represented
by the characteristic quantities of high correlation is
output as a recognized result.

(6) A premeasured waveform representing a single motion is
normalized for duration from the time the motion is
started until it ends. Normalization involves regarding the
duration from start to end of a motion as “1.”
Mustratively, two steps of a walk constitute one cycle
when normalized. Thereafter, characteristic components
of each motion are extracted through functionalizaton,
Fourier transformation or wavelet transformation. Coef-
ficients used in the normalization or the extracted com-
ponents from the transformation (Fourier, etc.) are estab-
lished as characteristic quantities of the motions to be
referenced. When the start and end of a motion are to be
recognized from an input waveform derived from the
motion, the waveform is normalized on the basis of the
motion duration. Thereafter, coefficients or characteristic
components are extracted through the above-mentioned
functionalization or Fourier/wavelet transformation. The
extracted coefficients or components are compared with
the previously stored characteristic quantities for motion
recognition.
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(7) The characteristic quantities of different motions are
superposed on each other. The result of the overlaying is
recognized through observation. For example, the char-
acteristic quantities of “walking” and those of “fanning
oneself” are superposed on each other.

(8) For observation of motions and actions, not only accel-
eration data bus also other physical quantity data such as
the velocity, position, angular acceleration, angular
velocity, rotation angle and biological data entailing the
motions and actions of the object under observation are
acquired. The data thus obtained are used in the recog-
nition process.

(9) Actions associated with a history of motions are prees-
tablished as associated motions. A history of observed and
recognized motions is compared with the associated
motions, whereby the actions of the object under obser-
vation are associated.

The steps or means outlined above accomplish illustra-
tively the following effects when carried out or imple-
mented:

(1) Measured data are automatically sent in, freeing the
observer of operative chores conventionally associated
with data gathering.

(2) The sensors used leave no blind spots.

(3) Because measurements are transmitted by radio, the
object under observation may move about freely without
the observer having to track him or her.

(4) A smaller number of observation points than in conven-
tional setups reduce observation-related burdens on the
object under observation. Without the observer eying the
object, the latter is freed from psychological constraints
associated with the observer’s glances.

(5) The automatic recognition process makes it unnecessary
for the observer directly to handle raw data measured.
(6) The normalized time base permits motion recognition

free of the influence by motion velocity.

(7) Because characteristic quantities are considered in
combination, more complicated motions can also be rec-
ognized.

(8) Recognition is carried out through the use of not only
acceleration but also other physical quantities. This makes
it possible to recognize motions characterized only insig-
nificantly by acceleration.

(9) An action made up of a plurality of motions (called work
hereunder) is also recognized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a motion and action recog-
nition device practiced as one embodiment of the invention,

FIG. 2 is an explanatory view of typical outputs from an
acceleration sensor attached to the waist of an object under
observation;

FIG. 3 is an explanatory view of typical results of time
frequency analysis based on wavelet transformation;

FIG. 4 is a block diagram of a recognition device prac-
ticed as another embodiment of the invention;

FIG. 5A is a graphic representation of a waveform
observed by the embodiment of FIG. 4,

FIG. 5B is a graphic representation of typical results of
spectrum analysis applied to the data in FIG. 5SA,

FIG. 5C is a graphic representation of typical results of
spectrum analysis after normalization;

FIG. 6 is a block diagram of a recognition device prac-
ticed as another embodiment of the invention;

FIG. 7 is a block diagram of a recognition device prac-
ticed as another embodiment of the invention;
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FIG. 8 is an explanatory view depicting points and axes
for measuring status changes;

FIG. 9 is a block diagram of a recognition system prac-
ticed as another embodiment of the invention;

FIG. 10 is a block diagram of a motion and action
recognition device combined with a position measurement
unit to embody the invention,;

FIG. 11 is an explanatory view outlining a position
measurement method used by the embodiment of FIG. 10;

FIG. 12 is a block diagram of a recognition system for
estimating the object’s work status or the environment in
which the object is placed on the basis of an accumulated
work history;

FIG. 13 is an explanatory view showing a typical history
of motions or actions accumulated by the embodiment of
FIG. 12;

FIG. 14 is an explanatory view of associative patterns
used by the embodiment of FIG. 12;

FIG. 15 is a block diagram of a recognition device
practiced as another embodiment of the invention, the
device displaying a difference between a reference motion
and a measured motion;

FIG. 16A is an explanatory view showing an example of
calculating the difference between a measured motion and a
reference motion;

FIG. 16B is an explanatory view showing another
example of calculating the difference between a measured
motion and a reference motion;

FIG. 17 is a block diagram of a recognition device
practiced as another embodiment of the invention, the
device detecting the difference between a measured and a
reference motion and outputting a probable cause of the
difference;

FIG. 18 is a block diagram of a recognition system
comprising inventive recognition devices to gather work
data for use by a workability evaluation system or a work
content evaluation system;

FIG. 19 is a block diagram of a recognition system
comprising inventive recognition devices to gather work
data for use by an optimum personnel allocation system or
an optimum work time allocation system;

FIG. 20 is a block diagram of a recognition system
comprising an inventive recognition device to announce that
a specific motion or action has been carried out by an object
under observation;

FIG. 21 is an explanatory view of a recognition system
applying inventive recognition devices to behavioral
analysis, behavior tracking and behavior monitoring;

FIG. 22 is a block diagram of a gesture recognition
apparatus practiced as another embodiment of the invention;

FIG. 23 is a block diagram of a recognition device
equipped with radio communication means to embody the
invention;

FIG. 24 is a block diagram of another recognition device
equipped with ratio communication means to embody the
invention;

FIG. 25 is a block diagram of a recognition system having
an inventive recognition device supplemented with a prepaid
fee handling feature to embody the invention;

FIG. 26 is a block diagram of a recognition system having
an inventive recognition device supplemented with a credit
processing feature to embody the invention;

FIG. 27 is a block diagram of a recognition system having
an inventive recognition device supplemented with a deposit
handling feature to embody the invention;
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FIG. 28 is a block diagram of a recognition system having
an inventive recognition device supplemented with an entry/
exit verification feature to embody the invention;

FIG. 29 is an explanatory view outlining one way of
obtaining degrees of correlation between reference and
measurements based on characteristic quantities acquired,

FIG. 30 is a diagram showing the configuration of a
system for displaying results, which are obtained from
observation of a motion, an action and/or work of an object
under observation by using a motion/action/work recogniz-
ing apparatus, by animation using computer graphics as a
method of expressing motions, actions and/or work of an
articulation-structure body;

FIG. 31 is a skeleton explanatory diagram showing a
method of expressing a motion, an action and/or work of an
articulation-structure body by using the characteristic quan-
tities of the motion, the action and/or work;

FIG. 32 is a skeleton diagram used for explaining a
method based on animation using computer graphics for
displaying a motion, an action and/or work resulting from
superposition of a plurality of characteristic quantities;

FIG. 33 is a diagram showing an example wherein a
motion is recognized by using a method of recognition
provided by the present invention and a result of the recog-
nition is displayed by animation using computer graphics;

FIG. 34 is a diagram showing another example wherein a
motion is recognized by using the method of recognition
provided by the present invention and a result of the recog-
nition is displayed by animation using computer graphics;

FIG. 35 is a diagram showing still another example
wherein a motion is recognized by using the method of
recognition provided by the present invention and a result of
the recognition is displayed by animation using computer
graphics;

FIG. 36 is a diagram showing a still further example
wherein a motion is recognized by using the method of
recognition provided by the present invention and a result of
the recognition is displayed by animation using computer
graphics;

FIG. 37 is a diagram showing the configuration of a
system for displaying a result of recognizing the position as
well as the motion, the action and/or the work of an object
under observation;

FIG. 38 is a diagram showing a typical screen displayed
with results of recognizing the positions as well as the
motions, actions and/or work of objects under observation
used as a base;

FIG. 39 is a diagram showing a display example illus-
trating the event of an emergency;

FIG. 40 is a diagram showing an example of illustrating
positions as well as motions, actions and/or work of hospital
staffs;

FIG. 41 is a diagram showing the configuration of a
system for displaying a sequence of motion states leading to
the event of an emergency and for carrying out processing
to handle the emergency;

FIG. 42 is an example of the structure of data stored in a
storage unit to represent the recognized motion, action
and/or work of an object under observation as well as the
position and the point of time at which the motion, the action
and/or the work are recognized;

FIG. 43 is a diagram showing, in the event of an
emergency, a typical display of a sequence of motion states
leading to an emergency which are expressed by an
articulation-structure-body-motion/action/work expressing
apparatus,
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FIG. 44 is a diagram showing the configuration of a
system for improving the accuracy of measured values
obtained by means of a human-being-position measuring
apparatus by using results of recognizing a motion, an action
and/or work as a reference for consideration;

FIG. 45 is a diagram used for explaining how the accuracy
of measured values obtained by means of the human-being-
position measuring apparatus can be improved by using
results of recognizing a motion, an action and/or work as a
reference for consideration;

FIG. 46 is a diagram used for explaining a method for
correcting a position identified by using results of recogniz-
ing a motion, an action and/or work output by a motion/
action/work recognizing apparatus as a reference for con-
sideration;

FIG. 47 are explanatory diagrams showing a method of
extracting a gait cycle which serves as a fundamental of the
recognition of a cyclical motion;

FIGS. 48A and 48B are diagrams showing waveforms
obtained as results of observation of normal-walking and
normal-running states respectively; and

FIG. 49 is a diagram showing relations between the power
of a spectrum component at the gait-cycle frequency and the
degree of recognition likelihood of each recognition item.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One preferred embodiment of the invention will now be
described with reference to FIG. 1. With this embodiment,
an object 1 under observation is assumed as the target to be
recognized for its motions or actions abbreviated to motions/
actions hereunder where (appropriate).

A recognition apparatus practiced as an embodiment of
the invention for recognizing motions and actions com-
prises: measuring instruments 2 and 3 attached to the object
1 under observation; an A/D converter 4 for digitizing
measured results from the measuring instruments 2 and 3; a
characteristic quantity extraction unit 5 for extracting a
characteristic quantity from the measured results digitized; a
characteristic quantity database 6 for storing premeasured
and preextracted characteristic quantities of various motions
and actions; a signal processing unit 7 which, using data held
in the characteristic quantity database 6, recognizes motions/
actions represented by the characteristic quantity extracted
by the characteristic quantity extraction unit 5; and an output
unit 8 for outputting a recognized result.

The characteristic quantity extraction unit 5 and signal
processing unit 7 are implemented illustratively by use of a
memory and a data processor. The memory stores programs
for executing a characteristic quantity extraction process and
a motion/action recognition process, as will be described
below. The data processor comprises a DSP or MPU for
carrying out these programs. The output unit 8 is imple-
mented by use o a display unit comprising an LCD panel or
a CRT.

With this embodiment, the object 1 under observation is
equipped with the measuring instruments 2 and 3 for mea-
suring a status change entailing motions/actions of the
object. The typical setup in FIG. 1 shows that the measuring
instrument 2 is attached to the object’s waist position while
the instrument 3 is mounted on the object’s arm for taking
measurements of the status change. These measuring instru-
ments are positioned where the readings of the status change
are the most pronounced. For example, if the status change
10 be observed is likely to occur at the feet, the instruments
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may be attached to a foot or the feet. Either a single or a
plurality of measuring instruments may be used.

The measurements taken by the status change measuring
instruments 2 and 3 are converted continuously from analog
to digital format by the A/D converter 4. After the analog-
to-digital conversion, the digital signal reaches the charac-
teristic quantity extraction unit 5 whereby the characteristic
quantity specific to the signals is extracted. How the char-
acteristic extraction process is performed will now be
described with reference to FIG. 2.

A typical status change measuring instrument may be an
acceleration sensor attached to the waist of the human body,
as shown in FIG. 2. The acceleration sensor installed as
depicted in FIG. 2 takes measurements of acceleration
applied to the human body in the direction of its height.
Output results 20 from the acceleration sensor indicate
specific time series data items 21 through 24 derived from
human motions of “walking,” “running,” “squatting” and
“lying down.” In the example of FIG. 2, data items 21 and
22 denote cyclic acceleration changes during walking or
running, data item 23 represents a single acceleration
change, and data item 24 stands for a state of no acceleration
in which gravitational acceleration is not detected because
the object is lying down.

After the above data items are digitized by the A/D
converter 4, the digitized data are subjected to time-
frequency analysis (¢.g., Fourier transformation), which is a
typical technique of signal analysis. The result is a frequency
spectrum body 25. More specifically, the data items 21
through 24 are matched with frequency spectra 26, 27, 28
and 29 respectively. Bar graphs of the analyzed result
represent spectrum intensities of the frequency components
acquired through Fourier transformation. The frequency
characteristic differs from one motion to another. The dif-
ferences constitute the characteristic quantities of the
motions involved.

With this embodiment, the characteristic quantities that
serve as reference data used by the signal processing unit 7
for motion/action recognition are extracted and saved in
advance from the motions and actions whose characteristic
quantities are known. The reference data thus saved are
stored into the characteristic quantity database 6 via a path
9 in FIG. 1 (process 30 in FIG. 2).

The signal processing unit 7 for motion/action recognition
continuously receives characteristic quantity data 10 from
the characteristic quantity extraction unit 5, the data 10
being derived from the ongoing motions/actions of the
object 1 under observation. The data 10 are compared with
the reference data 11 made up of the stored characteristic
quantities of various motions/actions in the database 6. That
is, the currently incoming characteristic quantity is corre-
lated with the stored characteristic quantities in the database
6. At any point in time, the motion/action corresponding to
the characteristic quantity having the highest level of cor-
relation is judged to be the motion/action currently per-
formed by the object 1 under observation. The judged result
is output by the output unit 8.

One way of correlating measurements with reference data
is shown illustratively in FIG. 29, but is not limited thereto.
The scheme of FIG. 29 involves initially acquiring a fre-
quency component F(m) which corresponds to characteristic
quantity data 10 in the form of measured waveform spectra
representing the motions/actions of the object 1 under
observation, the data 10 being normalized so as to satisfy the
expression (1) given below. Likewise, the scheme involves
obtaining cach frequency component G(m) which corre-
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sponds to the reference data 11 to be correlated and which
is normalized so as to satisfy the expression (2) given below.

n (Expression 1)
Z Fim) = 1.0

m=0

n (Expression 2)
Z Gim) = 1.0

m=0

Next, a function H(m) is defined by use of the expression
(3) given below as a function representing the correlation
between the data 10 and 11.

H(m) = G(m): (when F(m)> G(m), or) (Expression 3)

= F(m): (when G(m) = F(m)

The function H(m) indicates parts 290 in FIG. 29 where
the two kinds of data overlay. If the function H(m) satisfies
the expression (4) below, a correlation is judged to exist.

(Expression 4)

Zn: Hm)za
m=0

where, H(m) has a maximum value of 1.0. Thus if the data
to be correlated must be identical, then ¢=1.0. If the data
need not be exactly identical to be correlated, then « is set
to a value a little smaller than 1.0. Where a plurality of
reference data items are compared for correlation, the maxi-
mum integral value of the function H(m) is regarded as
representing the motion/action of the object 1 under
observation, or as a candidate whose potential varies with
the integral value.

In the expression (4) above, all frequency components of
the spectra involved are set to have the same weight each.
Alternatively, each of the components may have a different
weight. For example, if any motion exhibits a specific
spectrum, the corresponding component of the spectrum
may be given a greater weight. Where there is noise, the
component associated with the noise may be given a smaller
weight. If f(m) is assumed to be a weight function specific
to each frequency component m, the function H(m) repre-
senting correlation is defined as follows:

H(m) = G(m)B(m): (when F(m)>G(m), or) (Expression 3)

= F(m)f(m): (when G(m) = F(m))

In this manner, the embodiment does not merely take
status change measurements for use as measured values but
subjects the measurements to recognition processing,
whereby the motions/actions of the object under observation
are recognized automatically.

With this embodiment, a small number of status change
measuring instruments (at least one for this embodiment) are
attached to the subject’s body. These instruments transmit
measurements that are subject to the process for recognizing
the overall motion of the subject under observation. That is,
a minimum of measuring instruments included in the
embodiment make it possible to estimate a macroscopic
motion of the object’s whole body.

Furthermore, the embodiment requires only a limited
number of measuring instruments to be mounted on the
object’s body. This eases considerably the physical burdens
on the object under observation.
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Transmission of the motion/action status of the object
under observation from one place to another by the embodi-
ment is characterized by the fact the recognized result need
only be transmitted in each motion/action cycle. Unlike the
conventional setup where measurements of the status change
(i.c., measured values of each measurement cycle) are
transmitted unchanged, the amount of data can be condensed
for transmission.

With the above embodiment, the characteristic quantity
extraction unit § adopts Fourier transformation it its fre-
quency analysis. However, this analysis method is not
limitative of the invention; wavelet transformation, time
frequency analysis or any other appropriate frequency analy-
sis scheme may be implemented, and the characteristic
quantity may be extracted from the result of such transfor-
mation.

How frequency analysis is carried out by use of wavelet
transformation will now be described with reference to FIG.
3. In FIG. 3, reference numeral 210 represents acceleration
changes measured from the object under observation shown
moving in the upper part of the figure. The acquired wave-
form is subjected to wavelet transformation, from which
characteristic values emerge in terms of levels (ie., as
wavelet components). For example, a motion of “walk”
yields characteristic values 214 on level C (213). Likewise,
a “squatting” motion produces characteristic values 215 on
level A (211), and a “running” motion generates character-
istic values 216 on levels B (212) and C (213). With this
embodiment, these values represent quantities characteristic
of the respective motions, and the characteristic quantities
thus acquired allow motions/actions of the object to be
recognized.

Where wavelet components are used as characteristic
quantities, correlations between measurements and the ref-
erence data are acquired in the same manner as in the case
where frequency components are used as characteristic
quantities. In the latter case, the correlations of frequency
components are obtained in terms of frequency component
intensities, as opposed to the correlations of wavelet com-
ponents that are acquired in terms of time-based intensities
at each of various levels. In addition, correlations between
levels are also obtained.

In connection with the embodiment, mention was made of
the characteristic quantity obtained through the frequency
analysis process based on digitized signals. However, that
characteristic quantity is not limitative of the invention; any
other forms of characteristic quantity may be used as long as
the quantity can distinguish one motion or action from
another. In an alternative setup, analog signals output by the
measuring instruments 2 and 3 may be sent illustratively to
a spectrum analyzer composed of a plurality of filter circuits.
The spectrum analyzer extracts frequency characteristics
from the received analog signals. The frequency compo-
nents in the extracted analog values are regarded as the
characteristic quantities to be compared by an along com-
parator with for frequency component. This setup also yields
viable correlations. In another alternative, a function having
a predetermined degree may be fitted to the output signal of
a measuring instrument. In this case, combinations of coef-
ficients included in the function may be used to represent
characteristic quantities.

Whereas the embodiment utilizes correlations in its
motion/action recognition process, motion/action recogni-
tion may be implemented alternatively by use of a neural
network scheme replacing the correlation acquisition
scheme. In such an alternative setup, the signal processing
unit 7 for motion/action recognition is constituted by a
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neural network. When the database 6 storing characteristic
quantities of motions/actions is to be built in the same setup,
preextracted characteristic quantities denoting known
motions/actions are stored as teacher signals into the neural
network. Upon motion/action recognition, the characteristic
quantity extraction unit 3 extracts a characteristic quantity
from the acquired measurements and inputs the extracted
quantity to the signal processing unit 7 composed of the
neural network.

Whereas the above embodiment was shown using mea-
surements taken on a single axis in the object’s vertical
direction for purpose of simplification and illustration, this
is not limitative of the invention. Measurements taken in
other directions, such as acceleration changes measured in
the crosswise and lengthwise directions, may also be sub-
jected to the process of characteristic quantity extraction.
The extracted quantities may be judged and recognized
individually or in combination.

In conjunction with the above embodiment, acceleration
sensors were presented as a typical sensor for detecting
changes in acceleration in the human body’s height direc-
tion; the detected acceleration changes were subjected to
characteristic quantity extraction. Alternatively, the same
feature of acceleration detection may be implemented by use
of a velocity or position sensor in place of the acceleration
sensor. That is, acceleration changes are calculated (through
linear or quadratic differential) on the basis of changes in
velocity or position.

Whereas the above embodiment extracts characteristic
quantities from acceleration changes, this is not limitative of
the invention. Alternatively, a similar feature is implemented
by extracting a characteristic quantity from velocity changes
and by correlating the extracted quantity with the charac-
teristic quantities which were preextracted from known
velocity changes and stored in a database. If an acceleration
sensor is used in the alternative case, quadratic differential
is carried out to calculate the position; if a velocity sensor is
used, linear differential is performed for position calculation.

With the above embodiment, the object under observation
was assumed to be a human being. Alternatively, animals,
articulated robots and other objects may also be subjected to
the process of motion and action recognition.

Whereas the above embodiment was shown recognizing
the entire movement of the object under observation such as
walking and running, this is not limitative of the invention.
Alternatively, a status change measuring instrument may be
attached to a specific location of the object under observa-
tion. In this setup, which is basically the same as that of the
embodiment above, measurements of the status change in
that particular location are taken. A characteristic quantity is
derived from the status change thus measured so that the
movement or motions/actions of that specific location may
be recognized.

For example, a status change measuring instrument
mounted on a wrist watch may be used to extract a charac-
teristic quantity from changes in the status of the wrist watch
moving along with the object’s arm. The extracted charac-
teristic quantity is compared with reference characteristic
quantities premeasured from known motions of the wrist
watch moving with the arm. The comparison allows the
wrist movement or motions/actions to be recognized.
Similarly, a status change measuring instrument may be
attached to the object’s shoe or sock in order to recognize its
movement or motions/actions. Alternatively, a measuring
instrument mounted on a hat or eyeglasses permits recog-
nition of the head’s movement or motions/actions.

Whereas the above embodiment was shown addressing
overall movements on the part of the human object in such
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activities as walking and running, this is not limitative of the
invention. Alternatively, a status change measuring instru-
ment may be attached not to the human object but to a device
actuated by the human object, with the same setup of the
embodiment still in use. In that case, changes in the status of
the device actuated by the human object are measured. A
characteristic quantity is extracted from the status changes
thus measured, and is used to permit recognition of the
motions or actions of the device in question.

For example, a pen, a pencil or an input device of a
compuler system (e.g., mouse) may be equipped with a
status change measuring instrument. The instrument extracts
a characteristic quantity from the measured changes in status
of the implement in question. The extracted characteristic
quantity may be compared illustratively with preestablished
characteristic quantities derived from known letters or draw-
ings as well as from known signatures. The comparison
permits recognition of letters, drawings and/or signatures.

Described below with reference to FIGS. 4 and 5A, 5B
and 5C is another embodiment of the invention whereby a
varying velocity of the object in motion is recognized.

When humans or animals are in motion such as walking,
the pace of the motion generally varies (slow walk, brisk
walk, etc.) This means that the time required to accomplish
each step in the case of walking varies. The time variation
entails frequency change. It follows that measurements of a
motion, when compared with preestablished characteristic
quantities derived from known motions, may or may not be
recognized correctly. The present embodiment is intended to
solve this potential problem.

As shown in FIG. 4, a recognition apparatus embodying
this invention has a normalization unit 221 additionally
interposed between the A/D converter 4 and the character-
istic quantity extraction unit § of the apparatus in FIG. 1.
The normalization unit 221 takes measurements of the
operation time to be measured, and performs normalization
based on the measured operation time.

With the present embodiment, the required motion time
denoting a cycle of the motion (e.g., walking) to be mea-
sured is defined as indicated by reference numeral 222 in
FIG. 5A. An observed waveform is partitioned for frequency
analysis by use of a window function having a time longer
than that required for a single step. This provides a funda-
mental frequency spectrum 224 representing one step of
walking, as depicted in FIG. SB. In this context, a varying
velocity of motion signifies that the spectrum 224 shifts
Crosswise.

With the present embodiment, the normalization unit 221
measures the time required of the motion in question after
analog-to-digital signal conversion by the A/D converter 4.
Specifically, if the motion is cyclic, the time required thereof
is obtained from the above-mentioned fundamental fre-
quency (i.e., required motion time 222). If the motion is not
cyclic as in the case of squatting, the required operation time
is obtained from the lengths of acceleration change edges
219 and 220 in FIG. 3 or from the distance between signals
217 and 218 (on level A in this example) in wavelet
transformation.

Characteristic quantities are normalized by partitioning
the observed waveform in units of the operation time
required of the motion in question. The normalized result is
subjected to frequency analysis, as shown FIG. 5C. This
process is called time alignment which may also be imple-
mented by use of a so-called time elastic function.

In the spectrum resulting from normalization, a funda-
mental frequency spectrum 225 of the motion appears in a
first-order harmonic as shown in FIG. 5C. The spectrum 225
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is obtained by parallelly translating harmonic components
occurring subsequent to the spectrum 224 so that the spec-
rum 224 will turn into a first-order harmonic. The same
effect may therefore be acquired if the spectrum of FIG. 5B
is first obtained as a characteristic quantity and then cor-
rected illustratively through parallel translation. As a result,
the axis of abscissa in FIG. 5C represents frequencies with
reference to a single step of walking.

The normalization process described above is carried out
in two cases: when the database 6 storing characteristic
quantities of known motions/actions is prepared, and when
an observed waveform is recognized through the use of the
reference data in the database 6.

With this embodiment, the signal processing unit 7
receives a characteristic quantity which is independent of
operation time and which delimits each motion. This makes
it possible to perform correct recognition of the movement
free of the operation time involved. The measured operation
time, when output, enables more detailed actions to be
distinguished from one another, such as slow walk and brisk
walk.

Described below with reference to FIG. 6 is another
embodiment addressing applications where the velocity of
motion is varied.

This embodiment is a recognition apparatus which, as
shown in FIG. 6, has an expansion and contraction unit 231
interposed between the A/D converter 4 and the character-
istic quantity extraction unit 5 as well as another character-
istic quantity extraction unit § interposed between the A/D
converter 4 and the characteristic quantity database 6 of the
apparatus in FIG. 6. The expansion and contraction unit 231
extracts and contracts measured waveforms. The character-
istic quantity database 6 is built in the same manner as with
the embodiment of FIG. 1.

In the embodiment of FIG. 6, the expansion and contrac-
tion unit 231 is used to modify measured waveforms where
it is feasible to recognize such waveforms. More
specifically, the expansion and contraction unit 231 expands
and contracts the time base of a measured waveform as
needed. To expand the time base means prolonging the
operation time of the motion in question; contracting the
time base signifies shortening the operation time of the
motion. The expansion and contraction process is performed
by use of various predetermined expansion and contraction
parameters. Thereafter, the characteristic quantity extraction
unit 5 extracts a characteristic quantity from the result of the
processing that used each of the parameters. The character-
istic quantity thus extracted is sent to the signal processing
unit 7 for recognition processing.

The signal processing unit 7 receives characteristic quan-
tities representing a number of temporally expanded or
contracted waveforms derived from the measured wave-
form. Of the received characteristic quantities, the quantity
representing the motion with the highest degree of correla-
tion is output as the recognized result. The expansion-
contraction ratio that was in use is output at the same time.
This makes it possible additionally to recognize a difference
between the operation time of the motion in question and
that of the corresponding motion held in the characteristic
quantity database 6.

The embodiment of FIG. 6 offers the benefit of permitting
correct recognition when the velocity of the target motion
varies. Another benefit of this embodiment is its ability to
recognize the operation time (i.e., velocity) of the motion in
question.

Whereas the embodiment of FIG. 6 was shown expanding
and contracting the time base of the observed waveform, this
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is not limitative of the invention. Alternatively, other char-
acteristics of the observed waveform may be expanded and
contracted for recognition purposes as long as the quantities
characteristic of the motion to be recognized are not changed
inordinately. Illustratively, the signal intensity of the
observed waveform may be expanded and contracted for
recognition processing. Upon successful recognition, the
expansion-contraction ratio used in the process may be
displayed at the same time.

Another embodiment of the invention is described below
with reference to FIG. 7. This embodiment selects a plurality
of characteristic quantities and composes them into a new
characteristic quantity for recognition processing.

In the recognition process of the embodiments in FIGS. 1,
4 and 6, a correlation is recognized between one measured
characteristic quantity and one preestablished characteristic
quantity selected from those in the database. By contrast, the
embodiment of FIG. 7 recognizes a plurality of character-
istic quantities in combination.

When people walk, their behavior can be diverse; they
may “wave their hand while walking,” “walk in a moving
train” or otherwise perform a combination of motions con-
currently. With the preceding embodiments, each combina-
tion of concurrent motions (e.g., walking in a moving train)
is collectively regarded as a single motion. In such cases,
characteristic quantities of the motion as a whole need to be
extracted and stored in the database 6 of motions/actions.
However, in terms of motive frequency, the motion of
“waving a hand while walking” may be regarded as a
combination of “walking” and “waving” motions whose
characteristic quantities are superposed on each other.
Likewise, the motion of “walking in a moving train” may be
considered a combination of “the movement of the train”
and “walking” motions whose characteristic quantities are
superposed on each other.

In the embodiment of FIG. 7. the motions with their
characteristic quantities superposed on each other are pro-
cessed for motion/action recognition as follows:

Initially, the embodiment selects characteristic quantities
A (301 in FIG. 7), B (302) and C (303) to be superposed on
each other in the recognition process. The three quantities A,
B and C correspond to those of “walking,” “waving” and
“the movement of the train” in the preceding example.

The characteristic quantities A, B and C are then subjected
to an overlaying process in a characteristic quantity com-
position unit 304. For example, where characteristic quan-
tities are obtained through frequency analysis, the overlay-
ing process involves overlaying one frequency spectrum
upon another.

Finally, a new characteristic quantity (A+B+C) derived
from the overlaying process is correlated with the charac-
teristic quantity 10 corresponding to a measured signal
extracted by the characteristic quantity extraction unit 5. The
signal processing unit 7 performs a motion/action recogni-
tion process based on the result of the correlation. The
recognized result is output by the output unit 8.

In the overlaying process above, the newly generated
characteristic quantity Q is defined by the expression:

O=A+B+C (Expression 6)

Alternatively, each the component characteristic quantities
may be suitably weighted (i.c., given varying intensitics), as
follows:

Q=0A+pB+yC (Expression 7)

where, symbols o, [ and y represent the weights of the
respective characteristic quantities.
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As described, the embodiment of FIG. 7 is capable of
combining a plurality of characteristic quantities into a new
characteristic quantity in the recognition process. This fea-
ture makes it possible to recognize complicated motions/
actions having diverse characteristic quantities.

Described below with reference to FIG. 8§ is another
embodiment of the invention wherein a plurality of status
change measuring instruments are utilized.

In the embodiment of FIG. 1, the status change measuring
instrument was attached to the position of the object’s waist
31 in FIG. 8, and measurements were taken along an axis 32
(i.e., in the body’s height direction). In that setup, only the
status change in the body’s height direction could be mea-
sured. The human body’s center of gravity is said to exist
approximately in the position of the waist. Thus when a man
in a standing position raises his hand(s), the position of the
waist slightly moves in the direction opposite to that in
which the hand was raised. To observe such a waist move-
ment requires setting up another measuring instrument for
measuring the status change in the direction of an axis 34.
Likewise, when the object tilts his head forward or
backward, yet another measuring instrument needs to be
mstalled in the direction of an axis 33. Furthermore, to
measure revolutions of the waist requires establishing
another measuring instrument in the rotating direction 37
along the axis 32. For more detailed data gathering, it is
necessary additionally to measure movements 36 of the
left-hand elbow 35.

[ustratively, the object under observation is recognized
for a principal motion such as “walking” or “running” along
the axis 32, and also recognized for more detailed motions
such as “raising the right hand,” “tilting the head” and
“twisting the waist” along the axes 33 and 34 as well as in
the rotating direction 37 around the axis 32. The measure-
ments thus taken permit recognition of such complicated
motions/actions as “raising the right hand while walking,”
“tiling the head while running” and “twisting the waist when
standing up.”

As described, the embodiment of FIG. 8 has a plurality of
status change measuring instruments attached to the object
under observation, and combines results measured and rec-
ognized through the respective instruments. Acting as it
does, the embodiment can recognize more detailed motions
and actions of the object under observation.

Although the embodiment of FIG. 8 was described with
emphasis on its ability to detect spatial movements of
various parts of the human body, this is not limitative of the
invention in terms of where measuring instruments may be
installed or what kind of status change may be measured.
For example, measuring instruments may be attached to
various parts of the human object’s face to monitor their
movements as a status change representing changing facial
expressions. Furthermore, instead of detecting spatial move-
ments of diverse parts of the object’s face or body, a
variation of the invention may use measuring instruments in
such a way that directly detects conditions of the muscles
producing such status changes.

Another embodiment of the invention is described below
with reference to FIG. 9. This embodiment is a recognition
system that judges characteristic quantities of motions/
actions of the object under observation in a generalized
manner using physical quantities other than acceleration and
biological data as needed, thereby recognizing the object’s
motions/actions.

The recognition system embodying the invention as out-
lined in FIG. 9 illustratively comprises: recognition devices
401 through 404 for performing recognition processing
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based on various data measured by measuring instruments
attached to the object under observation, a recognition
device 405 for performing an overall recognition process
integrating the recognized results from the upstream recog-
nition devices; and an output unit 8§ for outputting the
eventual result of recogpition.

The recognition device 401 is a device that performs
recognition processing based on acceleration data supplied
from an acceleration sensor such as that of the embodiment
in FIG. 1. The acceleration sensor is attached to the object
under observation.

The recognition device 402 performs its recognition pro-
cess based on velocity data. For example, the recognition
device 402 receives changes in the velocity of the object
under observation (e.g., a human being) and judges whether
the object is, say, walking or moving aboard a vehicle.

The recognition device 403 carries out its recognition
process based on position data. In operation, the recognition
device 403 recognizes the action of the object under obser-
vation upon receiving data on where the object under
observation is positioned or what locus the object is plotting
in motion.

The recognition device 404 executes recognition process-
ing on the basis of biological data. Biological data include
pluse count, blood pressure, body temperature, blood sugar
count, respiration, electromyogram, electrocardiogram,
blood flow and electroencephalogram. If the object under
observation is a human being, the biological data vary
depending on his or her activity. The recognition device 404
recognizes the condition in which the human being is placed
by receiving varying biological data. For example, when the
object performs a physical exercise, both the pulse count and
the respiration rise. Differences in the body’s posture may be
judged by selecting an appropriate location where the blood
pressure is measured. The amount of physical activity,
mental condition and physical fitness may be judged by
temperature changes. Electroencephalogram reveals
whether or not the subject is awake. Physical fitness may
also be judged by the blood sugar count. The body’s status
of physical activity may be judged by changes in elec-
fromyogram.

The recognition devices 402, 403 and 404 observe mea-
sured data in the form of waveforms. The waveforms are
converted from analog to digital format. In the same manner
in which the recognition device 401 acquires the character-
istic quantity of acceleration, the devices 402, 403 and 404
extract characteristic quantities from their respective digi-
tized signals. The extracted characteristic quantities are
processed for motion recognition.

Acting individually, the recognition devices 401 through
404 may get ambiguous results from their recognition pro-
cesses and may suffer incorrect recognition therefrom. This
potential problem is circumvented by the embodiment of
FIG. 9 using the recognition device 405 that integrates the
recognized results from the devices 401 through 404 for
overall judgment of the object’s motions/actions. The even-
tually recognized result is output by the output unit 8.

As described, the embodiment of FIG. 9 implements
overall judgment based on the recognized results from a
plurality of sensing entities, whereby a more accurate result
of recognition is obtained.

Another embodiment of the invention is described below
with reference to FIGS. 10 and 11. This embodiment is a
recognition device that combines the recognition of the
objects’ motions and actions with the recognition of the
moving object’s position. FIG. 10 is a block diagram of this
embodiment, and FIG. 11 is an explanatory view showing
how positions are measured by this embodiment.
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As shown in FIG. 10, the recognition device embodying
the invention has a position measurement unit 41 added to
the setup in FIG. 1, the unit 41 measuring positions of the
object 1 under observation. In the setups of FIGS. 10 and 1,
like reference numerals designate like or corresponding
parts, and their descriptions are hereunder omitted where
redundant.

The position measurement unit 41 is implemented illus-
tratively by use of a cellular system that will be described
shortly. Another positioning system that may be used with
the invention is one in which the object 1 is equipped with
a transmitter transmitting a radio signal. The signal is
received by a plurality of receivers located at different
points, and the received signals are processed to find the
position of the signal source. In another alternative posi-
tioning system for use with the invention, radio signals are
received from a plurality of reference signal sources, and the
received signals are processed to find the observer’s position
(GPS, Omega, LORAN, Decca, etc.). In yet another alter-
native positioning system, laser, magnetic fields and/or
ultrasonic waves may be used for positioning. Any of these
positioning systems may be used in conjunction with the
embodiment to achieve the intended purpose.

The cellular system for use with the embodiment of FIG.
10, depicted in FIG. 11, is one in which a plurality of
antennas 51 are located one each in a plurality of areas 50
called cells or zones. Communication via one antenna 51 is
limited to one cell 50 corresponding to that antenna. To
communicate from within an adjacent cell requires switch-
ing to the antenna of that cell. In this system, each cell in
which to communicate is so small that the zone comprising
a signal transmitter may be located by isolating the currently
communicating antenna. In this example, cells are numbered
1-1 through 3-3, and objects under observation are given
numerals 52, 53 and 54.

With this embodiment, it is assumed that each object is
equipped with the measuring instruments 2 and 3 as well as
processors 4 through 7 from among the components in FIG.
10, and that the recognized result from the signal processing
unit 7 is transmitted via the cellular system. That is, the
position measurement unit 41 of this embodiment is imple-
mented by combining a transmitter and a receiver. The
transmitter is used to transmit the recognized result to the
antenna of the cell to which each object 1 under observation
belongs, and the receiver is employed to receive the recog-
nized result transmitted via that antenna.

The action of the object 52 (squatting, in this example) is
recognized by the same technique described in connection
with the embodiment of FIG. 1. The recognized result is sent
via the antenna of the cell 1-1. This allows the object 52 to
be recognized as “squatting” inside the cell 1-1. Similarly,
the object 53 is recognized as “running” inside the cell 2-2,
and the object 54 is recognized as “walking” in the cell 3-2.

As described, the embodiment of FIG. 10 permits recog-
nition of where the objects under observation are currently
positioned and what their current motions/actions are like.

Another embodiment of the invention is described below
with reference to FIGS. 12 through 14. This embodiment is
a recognition system capable of estimating the action and
work status of the object under observation, as well as the
environment and position in which the object is placed.

As shown in FIG. 12, the recognition system embodying
the invention illustratively comprises: a recognition device
61 for recognizing a single motion/action; a storage unit 62
for storing a history of recognized motions/actions; a storage
unit 63 for accommodating a previously prepared database
of associative patterns; an associative processing unit 64 for
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determining by association or for estimating the object’s
action or work status or the environment in which the object
is placed, through the use of data in the storage units 62 and
63; and an output unit 65 for outputting the associated or
estimated result.

The recognition device 61 for motion/action recognition
is identical in structure to those of the embodiments in FIGS.
1 and 10. However, the present embodiment has no need for
the output unit 8 of the preceding embodiments. As outlined
above, the recognition device 61 recognizes only one
motion/action that occurs within a certain period of time. As
such, the embodiment is not suitable for recognizing work
composed of a plurality of motions/actions accumulated.

The embodiment of FIG. 12 thus places each motion or
action recognized by the recognition device 61 into the
storage unit 62 which stores a history of motions/actions. In
the storage unit 62, the motions/actions are arranged and
recorded on a time series basis, as with data 71 in FIG, 13.

The stored history data 71 are monitored by the associa-
tive processing unit 64 in reference to the stored patterns in
the associative pattern storage unit 63. An associative pat-
tern is a pattern indicating the correspondence between a
combination of a plurality of motions including unrecogniz-
able ones on the one hand, and a task associated with that
combination of motions, as shown in FIG. 14.

How the embodiment of FIG. 12 works will now be
described by taking an example of inspection work done by
a service engineer at a plant. This kind of inspection work
required in any one zone (area) of the plant is considerably
limited in scope. That is, a small number of motions/actions
in combination are sufficient for the content of work to be
estimated. A pattern 81 in FIG. 14 represents a typical
assortment of motions such as “climbing a ladder,” “walk-
ing” and an “unrecognizable motion.” The unrecognizable
motion in this case is a motion of which the presence is
detected but which is too complicated to be recognized by
the recognition device 61.

In the example of FIG. 14, if the only remaining task to
be conceivably carried out after the service engineer has
climbed the ladder is a console operation, then the “unrec-
ognizable” motion is estimated as the console operation. In
addition, the recognized motion of “climbing the ladder”
allows the environment in which the subject (ic., service
engineer at the plant) is placed to be estimated as an elevated
location. Thus the task recognized by association or by
estimation based on the series of motions “climbing the
ladder,” “walking” and “unrecognizable motion” is defined
as the console operation at the elevated location. Likewise,
a motion pattern 83 comprising motions of “descending a
staircase,” “walking,” “squatting” and “unrecognizable
motion” may be recognized by association as “a valve
operation on the floor.”

By referring to such associative patterns, the associative
processing unit 64 continuously monitors the storage unit 62
that stores the history of motions/actions. For example, if the
same motion pattern as the pattern 81 occurs in the moni-
tored data, as in a segment A (72) in FIG. 7, then the
associative processing unit 64 outputs a recognized result
indicating that the object 1 is performing “a console opera-
tion at an elevated location.” Similarly, because the same
motion pattern as the associative pattern 83 appears in a
segment B (73), the object is recognized in that segment as
performing “a valve operation on the floor.”

Not only the content of work but also the position thereof
may be identified by this embodiment. Illustratively, sup-
pose that the recognition device in FIG. 10 is used as the
recognition device 61 and that the cellular system in FIG. 11
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is used as the position measurement unit 41. In such a case,
the precision of position measurement is necessarily coarse;
only the zone in which the object is located is identified.
However, if that setup is combined with this embodiment
and if the place where “a console operation at an elevated
location” occurs is limited to a single spot inside the zone in
question, then the recognition of the object performing “a
console operation at an elevated location” leads to identifi-
cation of the object’s exact position where the console
operation is carried out at the elevated location.

As described, the embodiment of FIG. 12 offers the
benefit of recognizing the object’s action and work status as
well as the environment in which the object is placed, by use
of a history of multiple motions and patterns of combined
motions.

In addition, the embodiment makes it possible to estimate
motions hitherto unrecognized by conventional methods of
waveform-based recognition. A conventionally unrecogniz-
able motion may be estimated by referring to a suitable
history of motions and to the contents of the tasks due to take
place in the appropriate context.

If sites are predetermined at which particular tasks are
supposed to be performed, the embodiment may recognize
the kind of work being done by the subject and utilize the
recognized result in identifying the exact spot where the
subject is currently engaged in the task.

Another embodiment of the invention is described below
with reference to FIGS. 15, 16A and 16B. The embodiment
is an apparatus that presents the subject with an indication of
difference between the measured motion and the corre-
sponding reference motion.

This embodiment applies specifically to a setup where a
disabled subject (e.g., a patient with a leg injury from an
accident) is rehabilitated. The reference motion signifies a
pre-injury motion such as normal walking; the measured
motion is illustratively the current style of walking managed
by the subject being rehabilitated.

As shown in FIG. 15, the embodiment illustratively
comprises: measuring instruments 2 and 3 attached to the
subject 1 under observation; an A/D converter 4 for con-
verting measured results from the instruments 2 and 3 into
digital format; a characteristic quantity extraction unit 3 for
extracting a characteristic quantity from digitized measure-
ments; a reference motion characteristic quantity database
91 containing characteristic quantities premeasured and pre-
extracted from reference motions and actions; a signal
processing unit 92 for detecting a difference between the
motion whose characteristic quantity was extracted by the
characteristic quantity extraction unit 5 on the one hand, and
the corresponding reference motion held in the reference
motion characteristic quantity database 91 on the other hand;
and an output unit 93 for outputting the detected difference.

Ideally, the reference motion characteristic quantity data-
base 91 should have characteristic quantities representing
the object’s own normal motion before his or her injury.
Failing that, the database 91 may contain characteristic
quantities obtained by averaging motions sampled from
numerous people. The signal processing unit 92 calculates
the difference between such a reference motion and the
object’s currently managed motion, as illustrated in FIGS.
16A and 16B. Here, the reference motion is assumed to be
represented by a frequency spectrum 101 in subfigure (a).

Where rehabilitation is yet to make an appreciable
progress, the subject has difficulty executing the motion
smoothly. In that case, as shown by a frequency spectrum
102 in subfigure (b), the difference between the subject’s
motion and the corresponding reference motion appears
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pronounced, especially in spectrum components 106 and
107. The difference (in absolute value) between the fre-
quency spectra 101 and 102 is represented by a frequency
spectrum 104. The resulting difference includes spectrum
components 108 and 109 shown pronounced because of the
subject’s inability to execute the motion smoothly. The
subject being rehabilitated is presented with the spectrum
difference output by the output unit 93. The output provides
a visual indication of how the subject’s motion currently
differs from the reference motion.

The object being rehabilitated tries to minimize the pro-
nounced spectrum components in the detected result. That
is, the subject continues rehabilitation efforts so that the
measured spectrum will become ever closer to the reference
frequency spectrum 101, as evidenced by a frequency spec-
trum 102 in FIG. 16B. When the whole rehabilitation session
is deemed completed, the subject’s motion should become
substantially identical to the reference motion, with no
pronounced spectrum difference appearing, as evidenced by
a frequency spectrum 105.

Although the above embodiment was shown to apply to
disabled patients’ rehabilitation, this is not limitative of the
invention. The embodiment may also apply to the correction
of athletes” skills with reference to desired performance
levels.

As described, the embodiment provides the benefit of
automatically presenting the subject being rehabilitated or
practicing athletic skills with an explicit indication of how
he or she has progressed with respect to the reference
motion.

Another embodiment of the invention is described below
with reference to FIG. 17. This embodiment is a recognition
device capable of detecting a difference between a reference
motion and a measured motion and presenting the object
under observation with an indication of a probable cause of
the detected difference.

As illustrated in FIG. 17, this recognition device embody-
ing the invention is the recognition device of FIG. 15
supplemented with a database 111 of characteristic quanti-
ties denoting abnormal motions and with a signal processing
unit 112 (called the second signal processing unit hereunder)
for recognizing the probable cause of an abnormal motion.
The abnormal motion signifies an unnatural motion different
from what is generally deemed a normal and typical (i.c.,
reference) motion. One such abnormal motion is a walk of
a disabled person with a leg injury resulting from an
accident. The abnormal motion characteristic quantity data-
base 111 contains characteristic quantities denoting diverse
kinds of abnormal motions. For example, if the spectrum
frequency 104 in FIG. 16A is produced because the way the
right leg’s toes are raised differs from the reference motion,
then the resulting spectrum components 108 and 109 are
formed by characteristic quantities representing the probable
cause of the motion perceived to be “abnormal.” Character-
istic quantities extracted from such abnormal motions are
stored beforehand into the database 111 of abnormal motion
characteristic quantities.

By referencing the abnormal quantity characteristic quan-
tity database 111, the second signal processing unit 112
recognizes the probable cause of the abnormal motion
exhibited by the object under observation. The recognition
process is carried out in the same manner as the previously
described motion/action recognition scheme. That is, the
signal processing unit 92 first calculates the difference
between the measured motion and the corresponding refer-
ence motion. The second signal processing unit 112 then
correlates the difference with the characteristic quantities of
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abnormal motions stored in the abnormal motion character-
istic quantity database 111. After the second signal process-
ing unit 112 recognizes the probable cause represented by
the characteristic quantity with the highest degree of
correlation, the recognized result is output by the output unit
113 using letters or graphics.

Although the embodiment of FIG. 17 was shown applying
to disabled patients’ rehabilitation, this is not limitative of
the invention. The embodiment may also apply to the
correction of athletes’ skills with reference to desired per-
formance levels.

As described, the embodiment of FIG. 17 provides the
benefit of automatically recognizing and indicating the prob-
able cause of any motion deemed aberrant with respect to the
reference motion.

Another embodiment of the invention is described below
with reference to FIG. 18. This embodiment is a recognition
system using inventive motion/action recognition devices to
collect work data for use by a workability evaluation system
or a work content evaluation system

Workability evaluation or work content evaluation is an
actively studied field in the discipline of production control
engineering. To carry out workability evaluation or work
content evaluation first of all requires collecting work data.
Traditionally, such collection of work data has been depen-
dent on a large amount of manual labor. The embodiment of
FIG. 18 is intended to replace the manual gathering of work
data with an automated data collection scheme.

As shown in FIG. 18, the system embodying the invention
illustratively comprises: recognition devices 120, 121 and
122 attached to objects A, B and C respectively; databases
123, 124 and 125 for storing recognized results from the
recognition devices; and a workability evaluation system
126 as well as a work content evaluation system 127 for
receiving histories of the objects’ motions and actions held
in the respective databases.

The inventive recognition devices 120, 121 and 122
attached to the objects A, B and C recognize their motions/
actions automatically and continuously as they occur.
Specifically, the recognition devices may be of the same type
as those used in the embodiments of FIGS. 1 and 10.
Recognized results are transmitted over transmission paths
128 to the databases 123, 124 and 125 which accumulate
histories of the objects’” motions and actions recognized. The
transmission paths 128 may be either wired or wireless.
Wireless transmission paths have the benefit of allowing the
objects under observation to move freely.

The values retained in the databases containing motion/
action histories are referenced by the workability evaluation
system 126 or work content evaluation system 127. Each of
the systems performs its own evaluation process based on
the referenced result.

The present embodiment is characterized by its ability to
collect work data automatically. This feature leads to drastic
reductions in the amount of manual labor traditionally
required for such data gathering.

The embodiment of FIG. 18 is a typical application of the
invention to the activity of work data collection, and is in no
way limitative of the workability evaluation system 126 and
work content evaluation system 127 in terms of their specific
capabilities.

Another embodiment of the invention is described below
with reference to FIG. 19. This embodiment is a recognition
system using inventive motion/action recognition devices to
collect work data for use by an optimum personnel alloca-
tion system or an optimum work time allocation system.

The optimum personnel allocation system is a system that
controls the number of personnel to be allocated to each of
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a plurality of work segments in consideration of the work
loads on the allocated personnel. The optimum work time
allocation system is a system that controls work time periods
for personnel depending on their work loads. Each of the
systems requires that the content of work performed by a
large number of personnel be grasped in real time. This
embodiment is intended to fulfill the requirement by imple-
menting a scheme whereby the content of work done by
numerous workers is easily recognized in real time.

As shown illustratively in FIG. 19, the recognition system
embodying the invention is in part composed of the recog-
nition devices 120, 121 and 122 as well as the databases 123,
124 and 125 in FIG. 18. These components are supple-
mented with an optimum personnel allocation system 134
and an optimum work time allocation system 141 utilizing
data held in the above databases. The embodiment is addi-
tionally furnished with order reception devices 131, 135 and
138 which are attached to objects A, B and C respectively
and which receive orders from the allocation systems.

The motion/action recognition devices 120, 121 and 122
attached to the objects A, B and C recognize the latter’s
motions/actions automatically and continuously as they
occur. Histories of the objects’ motions and actions thus
recognized are accumulated in the databases 123, 124 and
125. Data transmission paths to the databases may be of
wireless type. Wireless transmission paths have the advan-
tage of allowing the objects under observation to move
freely.

The values retained in the databases containing motion/
action histories are referenced by the optimum personnel
allocation system 134 or optimum work time allocation
system 141. Given the reference data, each of the systems
judges how much work load each worker is subjected to by
use of predetermined methods. For example, if the optimum
personnel allocation system 134 judges on the basis of the
received data that a certain worker is excessively loaded
with work, then another worker with less or no work load is
called up via a data transmission path 130 and is ordered to
assist the overloaded worker.

If the optimum work time allocation system 141 senses
that the cumulative load on a certain worker has exceeded a
predetermined level, the system urges the overloaded
worker to take a rest and allocates another worker to the task
in question. The orders necessary for the allocation process
are sent over a path 142 to the order reception devices
attached to the applicable workers.

As described, the embodiment of FIG. 19 offers the
benefit of allowing the content of work performed by
numerous personnel to be easily recognized in real time so
that the personnel may be allocated optimally depending on
their current work status.

Another embodiment of the invention is described below
with reference to FIG. 20. This embodiment is a recognition
system using an inventive motion/action recognition device
to announce that a specific motion or action has been carried
out by an object under observation.

This recognition system embodying the invention is
applied to a setup where supervisors or custodians in charge
of people who are socially vulnerable and need protection or
of workers working in isolation are automatically notified of
a dangerous situation into which their charge may fall for
whatever reason. This embodiment includes components
identical to some of those constituting the embodiment of
FIG. 12. The parts having their structurally identical coun-
terparts in the setup of FIG. 12 are designated by like
reference numerals, and their detailed descriptions are here-
under omitted where redundant.
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As shown in FIG. 20, the recognition system embodying
the invention illustratively comprises: a motion/action rec-
ognition device 61; a storage unit 62 for storing a history of
recognized motions/actions; a storage unit 145 for storing
specific motion patterns; an associative processing unit 64
for recognizing by association or for estimating a specific
motion or action of the object under observation; a notifi-
cation unit 146 for transmitting a specific message to the
supervisor or custodian depending on the result of the
association or estimation process; and a message reception
unit 147 for receiving the transmitted message.

The motion/action recognition device 61 is equivalent to
the recognition device used in the embodiment of FIG. 1. As
described earlier, this recognition device is capable of rec-
ognizing a single motion or action that takes place within a
limited period of time; it is not suitable for recognizing any
action or work composed of a plurality of motions or actions
performed cumulatively. All motions/actions are recognized
continuously as they occur and stored into the storage unit
62 that accommodates a history of motions/actions.

The history data thus stored are continuously monitored
by the associative processing unit 64 in reference to the
motion patterns held in the specific motion pattern storage
unit 145. A specific motion pattern is a combination of
multiple motions necessary for recognizing a specific action
such as “a sudden collapse onto the ground” or “a fall from
an elevated location.”

For example, the action of “a sudden collapse onto the
ground” is recognized as a motion pattern made up of a
motion of “a walking or standing-still posture” followed by
a motion of “reaching the ground in a short time” which in
turn is followed by a motion “lying still on the ground.”
Similarly, the action of “a fall from an elevated location™ is
recognized as a motion pattern constituted by motions of
“climbing,” “falling,” “hitting obstacles,” “reaching the
ground” and “lying still,” occurring in that order.

The motion of “climbing” is recognized by detecting an
upward acceleration greater than gravitational acceleration.
The motions of “falling,” “hitting obstacles” and “reaching
the ground” are recognized respectively by detection of
“zero acceleration in all directions (because of free fall),”
“intense acceleration occurring in different directions in a
short time” and “suffering a considerably strong accelera-
tion.”

By resorting to such motion patterns to recognize the
motion of the object under observation, the embodiment of
FIG. 20 eliminates possible erroneous recognition of
motions or actions. For example, suppose that a sensor is
detached from the object’s body and placed violently on a
table. In that case, the sensor detects a considerably strong
acceleration which, by use of a single motion recognition
device, may likely be interpreted as indicative of the subject
falling from an elevated location or collapsing onto the
ground. This is because the single motion recognition device
has no recourse to a history of the object’s multiple motions.
By contrast, the associative processing unit is capable of
checking motions before and after, say, the strong accelera-
tion detected in the above example, whereby the object’s
condition is better grasped and the result of recognition is
made more accurate. [llustratively, if the sensor has detected
a kind of acceleration inconceivable when mounted on the
human body, that acceleration may be recognized correctly
as a motion of the sensor being detached from the body, as
long as the acceleration has been classified in advance as
pertaining to that particular motion. In this manner, the
incidence of a single motion being erroneously recognized
can be minimized.
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When the associative processing unit 64 detects any such
specific motion pattern from among the history data in the
storage unit 62, the unit 64 causes the notification unit 146
to notify the supervisor or custodian of a message indicating
what the recognized specific motion pattern signifies. The
supervisor or custodian receives the message via the mes-
sage reception unit 147 and thereby recognizes the situation
in which the object under observation is currently placed.

As described, the embodiment of FIG. 20 offers the
benefit of allowing supervisors or custodians in charge of
people who are socially vulnerable and need protection or of
workers working in isolation to be automatically notified of
a dangerous situation in which their charge may be placed
for whatever reason.

As a variation of the embodiment in FIG. 20, the system
may be supplemented with the position measurement unit 41
described with reference to FIG. 10 as a means for measur-
ing the object’s position. Alternatively, the embodiment may
be supplemented with the associative processing unit 64 of
FIG. 12 for identifying the object’s position based on a
history of the latter’s motions. With any of these variations,
the position data about the object who may be in a dangerous
or otherwise aberrant situation are sent to the supervisor or
custodian, so that the latter will recognize where the object
is currently located and what has happened to him or her.

In the setup where the position measurement unit 41 is
additionally furnished to measure specific motion patterns,
arrangements may be made to permit a choice of reporting
or not reporting the recognized motion pattern depending on
where the incident is observed. This feature is useful in
averting a false alarm provoked by an apparent collapsing
motion of the object under observation when in fact the
object is lying on a couch for examination at a hospital or
climbing onto the bed at home.

Another embodiment of the invention is described below
with reference to FIG. 21. This embodiment is a recognition
system applying inventive motion/action recognition
devices to behavioral analysis, behavior tracking and behav-
ior monitoring,.

This recognition system embodying the invention will be
described in connection with a typical setup for behavioral
analysis of animals. In this field, there exist numerous
studies on the loci traced by animal movements. So far, there
has been only one way of observing the motions/actions of
animals: through the eyes of humans. There are many
aspects yet to be clarified of the behavior and motions of
animals that inhabit locations unobservable by humans. This
embodiment is intended to track automatically the yet-to-
be-revealed motions/actions of such animals in their unex-
plored territories.

This recognition system embodying the invention is con-
stituted as shown in FIG. 21. In FIG. 21, reference numerals
151 and 152 stand for birds that are targets to be observed
for behavioral analysis, behavior tracking and/or behavior
monitoring. Each bird is equipped with a measurement and
communication device 150 that measures the bird’s status
change and transmits the measurements by radio. A satellite
153 receives and forwards measurement data on each bird’s
status change so as to permit determination of the position
from which the bird transmitted the data.

One way of determining a bird’s position involves incor-
porating a GPS receiver in the measurement and communi-
cation device 150 of the bird. In operation, behavioral data
transmitted from the device 150 to the satellite 153 are
accompanied by position data measured by the GPS receiver
indicating the current position of the bird. Alternatively, a
plurality of satellites 153 may be used to receive radio
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signals sent from the same bird. The received radio signals
are processed through triangulation to determine the bird’s
position.

The data measured and gathered via satellite 153 are sent
illustratively to the motion/action recognition device 154 in
FIG. 1. The data are processed to recognize each bird’s
motion/action in a short period of time. For example, if the
bird hardly changes its posture and shows no sign of
movement, the bird may be recognized to be asleep; if the
bird remains stable in posture but is moving extensively, the
bird may be recognized to be in flight; if the bird changes its
posture considerably but hardly alters its location, the bird
may be recognized to be feeding.

The recognition system constituting this embodiment
sends data representing birds’ recognized motions and
actions to a behavioral analysis unit 155, a behavior tracking
unit 156 and a behavior monitoring unit 157. The behavioral
analysis unit 155 analyzes each bird’s behavior pattern by
illustratively ascertaining when the object under observation
wakes up, moves, feeds and sleeps. The behavior tracking
unit 156 analyzes the loci of movements traced by each bird
for its various activities such as feeding. The behavior
monitoring unit 157 monitors birds’ behavior by grasping
where each bird is currently located and what activity each
bird is currently engaged in.

Eventually, a display unit 158 such as a CRT gives an
overall indication of the analyzed results from the above-
mentioned units. A display example in FIG. 21 shows a
display of a typical locus of a bird’s movement traced by the
satellite 153 and superposed with the bird’s activities rec-
ognized along the way. As illustrated, the display automati-
cally shows when and where each bird exhibited particular
aspects of its behavior.

The embodiment of FIG. 21 offers the benefit of permit-
ting automatic observation of the loci of movements traced
by objects under observation as well as their behavior,
especially in territories inaccessible by humans.

Because there is no need for human observers to make
direct visual observation of the object in question, the
embodiment of FIG. 21 eliminates possible behavioral aber-
rations provoked by the presence of the humans in the field.
Thus it is possible to observe animals as they act and behave
naturally without human intrusion.

Another embodiment of the invention is described below
with reference to FIG. 22. This embodiment is a gesture
recognition apparatus utilizing an inventive motion/action
recognition scheme.

Gestures are defined as predetermined motions with spe-
cific meanings. A person transmits a desired meaning by
performing the appropriate gesture. In such a case, the
performed gesture may or may not represent the conven-
tionally defined meaning associated with the gesture in
question. For example, if the motion of “pointing to the
right” is predetermined as a gesture which in fact means an
“order to go to the left,” then an observer interpreting the
gesture in this context proceeds to the left accordingly.

The embodiment of FIG. 22 is implemented by supple-
menting the embodiment of FIG. 1 with a database 161
having a translation table defining the correspondence in
significance between gestures on one side and motions/
actions on the other side, and with a gesture recognition
device 162. The gesture recognition device 162 recognizes
the meaning of any gesture performed by the object 1 under
observation on the basis of the motion/action recognized by
the signal processing unit 7 and of the above translation
table. The recognized meaning of the gesture is output by an
output unit 163.
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With this embodiment, the gesture performed by the
object 1 is measured by the measuring instruments 2 and 3.
The measurement signals are converted by the A/D con-
verter 4 to digital format. The characteristic quantity extrac-
tion unit 5 extracts a characteristic quantity from the digi-
tized signals. The characteristic quantity thus extracted from
the gesture is sent to the signal processing unit 7 for
motion/action recognition. The signal processing unit 7
recognizes the characteristic quantity to be indicative of a
conventionally defined motion/action. The recognized result
is forwarded to the gesture recognition device 162.

The gesture recognition device 162 recognizes the mean-
ing of the input gesture by referencing the translation table
database 161 containing the predetermined meanings of
diverse motions/actions. In the example cited above, the
motion of “pointing to the right” is defined as the “order to
go to the left” according to the translation table. In this
manner, the meaning of the recognized gesture is determined
and output by the output unit 163.

With the embodiment of FIG. 22 in use, performing a
predetermined gesture makes it possible to transmit a spe-
cific meaning associated with the gesture in question.

Because the stored gestures are assigned a predetermined
meaning each, recognition of a specific gesture eliminates
semantic ambiguity conventionally associated with gestures
in general.

Another embodiment of the invention is described below
with reference to FIG. 23. This embodiment is a motion/
action recognition device equipped with radio communica-
tion means.

The embodiment of FIG. 23 offers the same effect in terms
of recognition capability as the embodiment of FIG. 1. What
makes the embodiment different from that in FIG. 1 is that
the added radio communication feature transmits by radio
the data about the detected status change of the object 1
under observation.

As shown in FIG. 23, the embodiment of FIG. 23 illus-
tratively comprises two major components: a monitored-
side device 173 attached to the object 1 under observation,
and a monitoring-side device 177. The monitored-side
device 173 has a status change measurement unit 171
(equivalent to the measuring instruments 2 and 2 in FIG. 2)
attached to the object 1 and a radio transmission unit 172 for
transmitting signals measured by the measurement unit 171.
The object 1 under observation need only carry two units,
i.c., the measurement unit 171 and transmission unit 172.
The reduced scale of the equipment to be carried around
provides the object with greater freedom of movement than
ever before.

A signal 178 to be transmitted by radio may be either a
signal (of analog type) directly measured by the status
change measurement unit 171 or a digitized signal having
undergone analog-to-digital conversion after the measure-
ment. The kind of signals for use with this embodiment may
be of electromagnetic radiation or of infrared ray radiation,
but is not limited thereto.

The measured result sent to the monitoring-side device
177 is received by a reception unit 174 and recognized by a
motion/action recognition device 175. The recognition
device 175 illustratively comprises the A/D converter 4,
characteristic quantity extraction unit 3, motion/action char-
acteristic quantity database 6, and signal processing unit 7
for motion/action recognition, all included in the setup of
FIG. 1. The recognized result from the recognition device
175 is sent to the output unit 176 for output thereby.

The embodiment of FIG. 23 allows measurements taken
by the status change measurement unit 171 to be transmitted
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by radio. This feature enables the object 1 under observation
to move more freely and feel less constrained than before.

Another benefit of this embodiment is that the equipment
attached to the object under observation is small and light-
weight; the attached embodiment consists of only the status
change measurement unit and the transmission unit that
transmits signals fed from the measurement unit.

Another embodiment of the invention is described below
with reference to FIG. 24. This embodiment is a motion/
action recognition device according to the invention, supple-
mented with radio communication means.

The embodiment of FIG. 24 includes a monitored-side
device that recognizes the object’s motions or actions and
radio communication means for sending the recognized
result to a monitoring-side device. Those parts of the
embodiment which have structurally identical counterparts
in the embodiment of FIG. 23 are designated by like
reference numerals, and their descriptions are hereunder
omitted where redundant.

Asignal measured by the status change measurement unit
171 in the monitored-side device 184 is recognized by the
motion/action recognition device 175. The recognized result
is transmitted by the radio transmission unit 181 to the
monitoring-side device 185. The recognized result received
by the monitoring-side device 185 is output directly by the
output unit 176.

The data 183 transmitted by radio represent the recog-
nized result. As an advantage of this embodiment, the data,
compressed considerably from the raw data measured,
occupy only a limited radio transmission band or take an
appreciably short time when transmitted. In addition, the
object 1 may carry around the attached wireless equipment
anywhere as desired.

As described and according to the embodiment of FIG.
24, the measurements taken by the status change measure-
ment unit are transmitted by radio. This feature affords the
object under observation extended freedom of movement
and reduces burdens on the object.

As a further advantage of the embodiment, the amount of
data transmitted by radio is compressed so that the data
transmission involves a limited radio transmission band, a
reduced radio channel occupancy ratio and/or an enhanced
transmission speed.

Whereas the embodiments of FIGS. 23 and 24 have
adopted the radio transmission means in order to reduce the
scale of the equipment to be carried by the object under
observation, this is not limitative of the invention. Instead of
using the transmission and reception units to implement the
radio transmission feature, a variation of the invention may
have a portable data storage unit furnished on the monitored
side and a data retrieval unit provided on the monitoring
side. In such a setup, the portable data storage unit tempo-
rarily stores the object’s motion data or recognized data
about the object’s motion. When the object drops in at the
observer’s place, the observer uses the data retrieval unit to
read the data directly from the data storage unit brought in
by the object.

Another embodiment of the invention is described below
with reference to FIG. 25. This embodiment is a recognition
system having an inventive motion/action recognition
device supplemented with a prepaid fee handling feature.

As shown in FIG. 25, this recognition system embodying
the invention comprises, on the monitored side, a recogni-
tion device 192 for recognizing the motion/action of the
object under observation, a fee balance storage unit 195 for
implementing the prepaid fee handling feature, and a fee
balance calculation unit 196. On the monitoring side, the
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recognition system includes a reception unit 193 for receiv-
ing the recognized result and a prepaid fee handling feature
control unit 197 for outputting a fee balance reduction order,
a fee balance verification order and other instructions.

Described below is a typical application of the embodi-
ment in FIG. 25 in an arcade establishment offering games.
The motion/action recognition device 192 used in the arcade
for inputting a player’s gestures may be implemented illus-
tratively by the above-described recognition device of FIG.
1 or22.

In a game offered by a game machine, a player (object
under observation) performs gestures that are recognized by
the recognition device 192. The recognized result represent-
ing the gestures constitutes orders that are input to the game
machine (monitoring-side device) allowing the player to
enjoy the game. Illustratively, when the player carries out a
given gesture representing a certain trick in “a virtual” fight,
a character displayed on the game machine executes the
designated trick against his opponent.

A fee settlement scheme is implemented by the embodi-
ment as follows. The equipment on the player’s side incor-
porates the fee balance storage unit 195 and fee balance
calculation unit 196. When the player starts playing the
game, the recognition device 192 detects the player’s start-
ing move and transfers the detected result to the reception
unit 193 in the game machine. In the game machine, the
prepaid fee handling feature control unit 197 supplies the
player’s equipment with a fee balance reduction order, a fee
balance verification order or other appropriate instructions
depending on the game type represented by the data received
by the reception unit 193. In the player’s equipment, the fee
balance calculation unit 196 reduces the fee balance in the
fee balance storage unit 195 or performs other suitable
operations in accordance with the received orders.

Although not shown, the equipment on the player’s side
includes warning means that gives a warning to the player
when the stored balance in the storage unit 195 drops below
a predetermined level. Before playing the game, each player
is asked to pay a predetermined fee to the game machine.
Paying the fee sets the balance to an initial value in the
storage unit 195 before the game is started.

The embodiment of FIG. 25 effectively integrates a ges-
ture input function for playing games and the prepaid fee
handling feature associated with the game playing. Thus
each player is not required to carry many cumbersome
devices in the arcade and can enjoy games there in an
unconstrained manner.

Another embodiment of the invention is described below
with reference to FIG. 26. This embodiment is a recognition
system having an inventive motion/action recognition
device supplemented with a credit processing feature.
Because the recognition system of FIG. 26 is a variation of
the embodiment in FIG. 25, like parts in both embodiments
are designated by like reference numerals and their detailed
descriptions are hereunder omitted where redundant.

The recognition system of FIG. 26 comprises a motion/
action recognition device 192 and a fee payment ordering
unit 198 as monitored-side equipment, and includes a rec-
ognized result reception unit 193 and a payment order
reception unit 199 as monitoring-side equipment. For pur-
pose of illustration, the arcade establishment depicted in
connection with the embodiment of FIG. 25 will again be
referenced as an application of the embodiment in FIG. 26.

With this embodiment, the equipment attached to the
player incorporates a credit card processing feature. When
the player plays a game, the recognition device 192 recog-
nizes the type of the game and causes the fee payment
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ordering unit 198 to issue a fee payment order reflecting the
recognized result. The payment order is received by the
reception unit 199 on the monitoring side. Given the order,
the reception unit 199 causes a credit processing unit 200 to
present the applicable credit company with the fee to be
credited together with the player’s credit card number.

The embodiment of FIG. 26 thus effectively integrates the
gesture input function for playing games and the credit
processing feature. Thus each player is not required to carry
many cumbersome devices in the arcade and can enjoy
games there in an unconstrained manner.

Another embodiment of the invention is described below
with reference to FIG. 27. This embodiment is a recognition
system having an inventive motion/action recognition
device supplemented with a deposit handling feature. Those
parts of the embodiment having their structurally identical
counterparts in the embodiment of FIG. 25 are designated by
like reference numerals, and their detailed descriptions are
hereunder omitted where redundant.

The recognition system of FIG. 27 comprises a motion/
action recognition device 192 and a deposit reimbursement
ordering unit 202 as monitored-side equipment, and includes
a recognized result reception unit 193 and a reimbursed
deposit payment unit 203 as monitoring-side equipment.
Again for purpose of illustration, the arcade establishment
depicted in connection with the embodiment of FIG. 2§ will
be referenced here as an application of the embodiment in
FIG. 27.

As an example, suppose that players rent out gesture input
devices (i.c., recognition devices 192), play games and
return the devices after enjoying the games. In such cases
where part of the playing equipment is rented out to
customers, the rate of equipment recovery is raised if
penalties are imposed on missing rented devices. One typi-
cal strategy for ensuring the return of the rented equipment
is a deposit scheme. The system embodying the invention in
FIG. 27 supports a deposit scheme wherein each player,
when renting out the gesture input device 192, deposits a
predetermined sum of money with the establishment and
gets the deposit reimbursed upon returning the rented ges-
ture input device 192.

With this system, the player rents out the gesture input
device 192 and leaves the predetermined deposit with the
monitoring side. When the gesture input device 192 is
returned, the deposit reimbursement ordering unit 202 car-
ried by the player together with the gesture input device 192
sends a deposit reimbursement order to the reimbursed
deposit payment unit 203 on the monitoring side. Given the
order, the reimbursed deposit payment unit 203 returns the
deposit to the player.

As described, the embodiment of FIG. 27 offers the
benefit of raising the return rate of rented motion/action
recognition devices.

The recognition system embodying the invention in FIG.
27 may be applied, but not limited, to two kinds of equip-
ment: an automatic renting apparatus which accommodates
a plurality of gesture input devices and which rents out one
of them every time it receives a predetermined sum of
money as a deposit; and an automatic device recovery
apparatus which, upon receiving a rented gesture input
device, pays out the same sum of money as the predeter-
mined deposit.

Another embodiment of the invention is described below
with reference to FIG. 28. This embodiment is a recognition
system having an inventive motion/action recognition
device supplemented with an entry/exit verification feature
for checking any entry into or exit from a designated area by
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an object. Those parts of the embodiment having their
structurally identical counterparts in the embodiment of
FIG. 25 are designated by like reference numerals, and their
detailed descriptions are hereunder omitted where redun-
dant.

The recognition system embodying the invention in FIG.
28 comprises a motion/action recognition device 192 and a
response unit 205 for responding to an entry/exit verification
unit as monitored-side equipment, and includes a recognized
result reception unit 193, an entry/exit verification unit 206
and an announcement unit 207 as monitoring-side equip-
ment. Again for purpose of illustration, the arcade establish-
ment depicted in connection with the embodiment of FIG.
25 will be referenced here as an application of the embodi-
ment in FIG. 28.

Suppose that players rent out gesture input devices (part
of the monitored-side equipment), play games and return the
devices after enjoying the games. In such cases where the
recognition devices 192 are rented out and then returned, the
recovery rate of rented equipment is raised if the players are
presented on suitable occasions with an announcement urg-
ing them to return the equipment. For example, a player
exiting from the designated game area to go somewhere else
is given a warning if he or she still carries the rented gesture
input device that has been detected. Such a scheme is
implemented automatically by the embodiment of FIG. 28.

The gesture input device incorporates the gesture recog-
nition device 192 and the response unit 205 for responding
to an entry/exit verification unit. Incidentally, the entry/exit
verification unit 206 furnished on the monitoring side emits
radio signals that cover a very limited area.

When a player tries to leave the game area while still
carrying the gesture input device, the response unit 205
receives a signal from the entry/exit verification unit 206
located on the boundary of the area. The response unit 205
returns a response signal to the verification unit 206. Given
the response signal, the verification unit 206 senses that the
player is on the point of leaving the game arca while still
carrying the rented gesture input device. The sensed result is
forwarded to the announcement unit 207 that gives a warn-
ing to the player in question.

As described, the embodiment of FIG. 28 offers the
benefit of raising the recovery rate of rented motion/action
recognition devices in a delimited area.

The following is description of an example of recognition
of actions taken by an object under observation by taking a
cyclical motion as an example.

FIG. 47 are explanatory diagrams showing a method of
extracting a gait cycle which serves as a fundamental of the
recognition of a cyclical motion. A gait cycle is a period of
time between two consecutive heel contacts of the same leg
with the surface of the earth. A heel contact is defined as a
moment at which the heel of a foot is stepped on the earth.
If the right and left legs are moved at the same speed, a gait
cycle is a time it takes to move forward by two steps. FIG.
47 are diagrams each showing a spectrum of an acceleration
signal in the vertical direction of the motion of a human
body obtained as a result of observation carried out for a
variety of walking speeds and walking conditions, from a
slowly walking state to a running state. To be more specific,
FIGS. 47A and FIG. 47B are diagrams showing frequency
spectra for a normally walking state and a slowly walking
state respectively. In the case of normal walking and running
states, a spectrum exhibiting a very strong component 2001
at a frequency corresponding to the gait cycle like the one
shown in FIG. 47A is obtained. Results of the observation
also indicate that, in the case of an extremely slow walking
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state with a gait cycle equal to or greater than about 1.5
seconds, that is, in the case of a walk with dragging feet, the
spectrum may exhibit a strong component other than the
predominant component at a frequency corresponding to the
gait cycle which is also referred to hereafter as a gait-cycle
frequency. It should be noted that the average gait cycle of
healthy people is 1.03 seconds whereas the average gait
cycle of elderly people is 1.43 second. In addition, in an
extreme case, the spectrum exhibits other predominant com-
ponents 2006 which are even stronger than the predominant
component 2002 at a frequency corresponding to the gait
cycle like the one shown in FIG. 47B. It is worth noting that
the spectra shown in FIGS. 47A and 47B have each been
obtained by normalizing the intensities (or the powers) of all
the components except the direct-current component by the
maximum spectrum intensity (power). Fortunately, results
of the observation also indicate that, in the observed walking
and running motions with a gait cycle in the range 0.35 to
2.0 seconds which correspond to the running and slowly
walking states respectively, there is no spectrum exhibiting
a strong component at a frequency lower than the gate-cycle
frequency, making the following processing procedure con-
ceivable. The following is description of the processing
procedure for finding the gait-cycle frequency and the
intensity (or the power) of a spectrum component at the
gait-cycle frequency from a spectrum representing a motion
with reference to FIG. 47C.

(1) The average value T (denoted by reference numeral
2003) of the powers of all spectrum components excluding
the direct-current component (that is, the Oth-order
harmonic) is found by using the following equation:

where notation m denotes the highest order of the harmonics
and notation P(n) is the power of the nth-order harmonic of
the spectrum.

(2) In order to extract only components each with a power
greater than the average value T, frequency ranges (a;, b,)
that satisfy a condition represented by the following rela-
tions are identified:

n=0 and P(n)>T

The above relation indicates that the powers P(n) of all
spectrum components except the direct-current component
in each of the frequency ranges (a;, b;) are greater than the
average value T 2003.

The average value T of the spectrum power is taken as a
threshold value as described above, because, the power at
the gate cycle and other powers both vary in dependence on
the type of the motion so that there may be a case in which
the power at the gate-cycle frequency can not be extracted
if the threshold is set at a fixed value.

It should be noted that, while the average value T is taken
as a threshold value in the present embodiment, the descrip-
tion is not to be construed in a limiting sense. For example,
instead of using the average value T as a threshold value,
processing making use of a product of the average value T
and a predetermined coefficient as a threshold value is also
conceivable.

(3) A lowest-frequency range (a,, by), a frequency range
(where i=0) at lowest frequencies among the frequency
ranges (a,, b;) found in the above step (2), is identified and

2

a maximum power P(j) and the frequency j of a spectrum
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component having the maximum power P(j) in the lowest-
frequency range (a,, b,) are found. It should be noted that
the maximum power P(j) and the frequency j are denoted by
reference numerals 2005 and 2004 respectively in FIG. 47C.
The maximum power P(j) is expressed by the following
equation:

S=P(j)=max[P(a,), P(by)]

where notation S is the power of a spectrum component at
a gait-cycle frequency j. That is to say, the frequency j and
the power P(j) found by using the procedure described above
are the gait-cycle frequency and the power of a spectrum
component at the gait-cycle frequency respectively. The
frequency j is defined as the number of steps per second. As
described above, the gait cycle Ge is composed of two steps.
Thus, the length of the gate cycle Ge can be found by using
the following equation:

G =2/

As described above, FIGS. 47A and 47B are spectra from
which gait-cycle frequencies 2001 and 2002 respectively are
extracted. Comparison of results of measurements using a
stop-watch with results obtained from the processing pro-
cedure described above for gait cycles in the range 0.35 to
2.0 seconds indicates that the former approximately matches
the latter.

The difference between the walking and running states is
that, in the case of the latter, there are periods of time in
which both feet are separated from the surface of the earth
simultancously. At the beginning of a period of free-fall
drops of both the feet from a state of being separated from
the surface of the earth toward the earth, an acceleration
sensor attached to the human body indicates a measured
acceleration value of 0 G. That is to say, the measurement
result indicates probably a state of almost no gravitational
force. Thus, by forming a judgment as to whether or not a
state of no gravitational force exists, the recognition of the
difference between the walking and running states is con-
sidered to be possible. Waveforms obtained as results of
observation of normal walking and normal running states are
in FIGS. 48A and 48B respectively. In the case of walking
shown in FIG. 48A, a graph shows variations in acceleration
with an amplitude of about 0.3 G centering on a
gravitational-force acceleration of 1.0 G. It is obvious from
the figure that the minimum value of the acceleration
experienced by the human body is about 0.7 G, indicating
that the state of no gravitational force does not exist. In the
case of running shown in FIG. 48B, on the other hand, a
graph shows variations in acceleration with an amplitude
increased to about 1.0 G and the existence of states of no
gravitational force, that is, states of a 0.0 G gravitational
force. In order to form a judgment as to whether or not a state
of no gravitational force exists, the power of a spectrum
component at the gait-cycle frequency found by using the
processing procedure described above can be used to rep-
resent the amplitude of the variations in acceleration to be
compared with a criterion which is 1.0 G as shown in FIG.
48B. This is because, in a running state, the variations in
acceleration-signal amplitude can be represented by a sinu-
soidal curve having a frequency equal to the gait-cycle
frequency. Thus, the power of the sinusoidal spectrum
component at the gait-cycle frequency just corresponds to
the value of the amplitude of the acceleration signal having
a frequency matching the gait-cycle frequency. In actuality,
however, the power of the spectrum component at the
gait-cycle frequency does not perfectly correspond to the
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value of the amplitude of the acceleration signal due to a
sampling relation between the width of a window function
for carrying out the FFT processing and the gait cycle,
effects of discrepancies between the variations in accelera-
tion and the sinusoidal curve and effects of the inertia force
of an infinitesimal weight in the acceleration sensor. For this
reason, instead of the amplitude 1.0 G shown in FIG. 48B,
a gait-cycle amplitude of 0.8 G is used as a criterion as to
whether the motion is walking or running. Paying attention
to the fact that the power of a spectrum component at the
gait-cycle frequency can be used as a value to be compared
with a criterion in a judgment on transitions from the a rest,
to walking and then to running, the state of a motion is
recognized by using such a spectrum-component power. Of
course, a judgment as to whether or not a state of no
gravitational force exists can be formed by finding a mini-
mum acceleration value of a measured acceleration wave-
form as is obvious from FIG. 48B. In this case, however, it
is necessary to consider a problem of incorrect recognition
due to noise.

A result of an observation of transitions to brisker
motions, that is, from a rest state, to a walking state and then
to a running state, indicates that the recognized power of a
spectrum component at the gait-cycle frequency increases,
accompanying such transitions of motion. For this reason,
instead of recognizing the state of either walking or running
as a binary value, an attempt has been made to recognize the
state of either walking or running by dividing it into fine
states with the power of a spectrum component at the
gait-cycle frequency taken as an indicator. FIG. 49 is a
diagram showing relations between the power of a spectrum
component at the gait-cycle frequency and the degree of
recognition likelihood of each recognition item, an indicator
as to how likely the recognition of the recognition item is.
The vertical and horizontal axes of the figure respectively
represent the degree of recognition likelihood and the power
of a spectrum component at the gait-cycle frequency which
is expressed in terms of gravitational-force units (G) because
the power of a spectrum component at the gait-cycle fre-
quency corresponds to the amplitude of an acceleration
signal representing by the spectrum. By a recognition item,
the state of a motion such as the rest, slowly-walking,
walking, briskly-walking or running state is meant. As
shown in the figure, the likelihood degree W, of each
recognition item is a function of S, the power of a spectrum
component at the gait-cycle frequency. The value of the
degree of recognition likelihood can be any arbitrary value
in the range O to 1 for a possible value S, of the power of
a spectrum component at the gait-cycle frequency as
expressed by the following with the limit values O and 1
respectively indicating the minimum likelihood representing
a least likely possibility and the maximum likelihood rep-
resenting a most likely possibility:

W,:8,~(0, 1)

Thereafter, the function is used as a performance function.
There are two types of performance function in use. A
performance function of the first type is a walking perfor-
mance function or a running performance function used for
evaluating the state of a motion as walking or running
respectively. The walking performance function and the
running performance function are shown by a dotted-line
curve 2101 and a solid-line curve 2104 respectively in FIG.
49. As shown in the figure, according to the first type of
performance function, if the power of a spectrum component
at the gait-cycle frequency is greater than a criterion, then
the state of a motion is judged to be walking in the case of
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a walking performance function or running in the case of a
running performance function at a degree of recognition
likelihood of 1. The performance function Wstep of the first
type is expressed as follows:

W,(S:a,b) =0 forS <a
= (S/(b - a) - a/(b - a)) fora£S=b
=1 forS>b

A performance function of the second type is a leisurely-
walking performance function or a brisk-walking perfor-
mance function used for evaluating the state of a motion as
leisurely walking or brisk walking respectively. The
leisurely-walking performance function and the brisk-
walking performance function are shown by a dashed-line
curve 2102 and a dotted-dashed-line curve 2103 respectively
in FIG. 49. As shown in the figure, according to the second
type of performance function, at a certain value of the power
of a spectrum component at the gait-cycle frequency, the
degree of recognition likelihood reaches a peak value of 1,
that is, the state of a motion is judged to be leisurely walking
in the case of a leisurely-walking performance function or
brisk walking in the case of a brisk-walking performance
function at a degree of recognition likelihood of 1. The
performance function Wpeak of the second type is expressed
as follows:

Wp(S:a,b,c) =0 for

=S/b-a-alb-a) for
=S/b=-c)-c/b-0)) for

=1 for

The values of the values of the parameters a, b and ¢ used
as criteria are determined by observing conditions of some
normally healthy people under observation. The horizontal
and vertical axes of the curves shown in FIG. 48 represent
the power of a spectrum component at the gait-cycle fre-
quency and the degree of recognition likelihood respec-
tively. States of motion to be recognized are a rest, walking
and running. In addition, the state of a motion referred to as
leisurely walking represents the degree of a process of a
transition from a rest to normal walking whereas the state of
a motion referred to as brisk walking represents the degree
of a process of a transition from a normal walking to running
to give a total of five states of motion.

The state of a rest is recognized when the power of a
spectrum component at the gait-cycle frequency is found to
have a value equal to or smaller than 0.006 G. This is
because, the maximum power of acceleration spectrum
components measured in a rest state is about 0.004 G. If the
value 0.004 G were used as a threshold, a rest would
probably be recognized incorrectly as walking due to the
power of noise added to the power of a spectrum component
at the gait-cycle frequency in the rest state to result in a value
greater than 0.004 G. Thus, the threshold value 0.006 G
guarantees that there is no way that a rest state is recognized
incorrectly as walking by the processing.

The state of walking is recognized as the power of a
spectrum component at the gait-cycle frequency exceeds the
threshold value 0.006 G of the rest state described above
with the degree of recognition likelihood linearly increasing
with the power of a spectrum component at the gait-cycle
frequency. The degree of recognition likelihood reaches a
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maximum value of 1 as the power of a spectrum component
at the gait-cycle frequency increases to 0.03 G, staying flat
thereafter as shown by the graph 2101. Here, as indicated by
the graph 2101, walking is defined as a state of all motions
including even running. Accordingly, when the state of a
cyclical motion other than a rest (that is, walking) is
recognized, the degree of recognition likelihood of walking
is greater than 0. It should be noted that a value slightly
greater than 0 corresponds to very slowly walking with a gait
cycle of 2.0 seconds. As the walking motion further enters
a state in which the human body moves up and down to the
utmost, the power of a spectrum component at the gait-cycle
frequency increases to 0.03 G. Fuzzy-state processing is
therefore carried out for an ambiguous state between a rest
with the power of a spectrum component at the gait-cycle
frequency having a value equal to 0.006 G and a walking
state with the degree of recognition likelihood having a
value equal to 1.0 and the power of a spectrum component
at the gait-cycle frequency having a value increased to 0.03
G. This state of walking in the range 0.006 G to 0.03 G is
a fuzzy or ambiguous state. As a matter of fact, all slanting
line segments shown in FIG. 49 represent a fuzzy state. The
walking performance function Wwalk for such fuzzy-state
processing is denoted by the following symbol:

W,.4(8:0.006,0.03)

As indicated by the graph 2102, the degree of recognition
likelihood of leisurely walking linearly increases from 0 at
the threshold value of the rest state and reaches a peak value
of 1.0 as the power of a spectrum component at the gait-
cycle frequency becomes equal to 0.1 G. Thereafter, the
degree of recognition likelihood linearly decreases from the
peak value 1.0 and reaches the bottom value O as the power
of a spectrum component at the gait-cycle frequency
increases to 0.3 G. This graph 2102 is drawn to show criteria
of 0.1 G and 0.3 G because, when the object under obser-
vation walks slowly, the power of a spectrum component at
the gait-cycle frequency is found to be 0.1 G and, when the
object walks normally, the power of a spectrum component
at the gait-cycle frequency is found to be 0.3 G. The
leisurely-walking performance function Wleisurely for such
fuzzy-state processing is denoted by the following symbol:

Wiisuren,(5:0.006,0.10.3)

As indicated by the graph 2103, the degree of recognition
likelihood of brisk walking linearly increases from 0 at the
normal walking with the power of a spectrum component at
the gait-cycle frequency having a value equal to 0.3 G and
reaches a peak value of 1.0 as the power of a spectrum
component at the gait-cycle frequency becomes equal to 0.5
G. Thereafter, the degree of recognition likelihood linearly
decreases from the peak value 1.0 and reaches the bottom
value 0 as the power of a spectrum component at the
gait-cycle frequency increases to 0.8 G. This graph 2103 is
drawn to show criteria of 0.5 G and 0.8 G much like the
graph 2102 representing the leisurely walking because,
when the object under observation walks fast, the power of
a spectrum component at the gait-cycle frequency is found
1o be 0.5 G and, when the object enters a running state, the
power of a spectrum component at the gait-cycle frequency
is found to be 0.8 G. The brisk-walking performance func-
tion Whrisk for such fuzzy-state processing is denoted by the
following symbol:

W,:(5:0.3,0.50.8)

As indicated by the graph 2104, the state of running is
recognized as the power of a spectrum component at the
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gait-cycle frequency exceeds the value 0.5 G with the degree
of recognition likelihood linearly increasing with the power
of a spectrum component at the gait-cycle frequency. The
degree of recognition likelihood reaches a maximum value
of 1 as the power of a spectrum component at the gait-cycle
frequency increases to 0.8 G, staying flat thereafter. The
graph 2104 is drawn to show a criterion of 0.8 G because a
very-slow-running state in which there are times both feet
are separated from the surface of the earth has been observed
when the power of a spectrum component at the gait-cycle
frequency reaches the value 0.8G. As described earlier, the
value 0.8 G is a criterion used in forming a judgment as to
whether or not a state of no gravitational force exists. The
running performance function Wrun for such fuzzy-state
processing is denoted by the following symbol:

W,.,(5:0.5,0.8)

The state of a motion is recognized by evaluation of the
degree of recognition likelihood of the motion by substitut-
ing the value of the power of a spectrum component at the
gait-cycle frequency to the expression of the performance
function for the motion. When the value of the power of a
spectrum component at the gait-cycle frequency is observed
to be 0.6 G, for example, the degree of recognition likeli-
hood for walking is found from the graph 2101 shown in
FIG. 49 to be 1.0, a value indicates a walking state including
running. To be more specific, the object under observation is
in a state of motion with a degree of brisk-walking likeli-
hood of 0.67 and a degree of running likelihood of 0.33
according to the graphs 2103 and the graph 2104 respec-
tively and is no way in a state of leisurely walking.

In addition, the gradient of a human body, that is, the state
of the upright/leaning posture of the human body, can be
recognized from an average value of variations in accelera-
tion observed by an acceleration sensor. The acceleration
sensor is used for measuring variations in acceleration in one
axis direction on the structure thereof. Specifically, with an
angle of gradient formed by the sensitivity direction of the
acceleration sensor and the gravitational-force direction set
at 0 degree, that is, at an angle of gradient wherein the
sensitivity direction of the acceleration sensor coincides
with the gravitational-force direction, an acceleration of 1.0
G, an average value equal to the gravitational-force
acceleration, is observed. As the angle of gradient is
increased, however, the observed average acceleration
gradually decreases in all but inverse proportion to the angle
of gradient. When the sensitivity direction of the accelera-
tion sensor is finally oriented perpendicularly to the
gravitational-force direction, that is, when the angle of
gradient formed by the sensitivity direction of the accelera-
tion sensor and the gravitational-force direction is set at 90
degrees, the gravitational-force acceleration is no longer
observed. Thus, in a rest state, the gradient of the accelera-
tion sensor (that is, the gradient of the human body) can be
measured from the observed average value of the accelera-
tion. Even with the human body put in motion,-if the human
body is assumed to experience no acceleration due to an
external force other than the gravitational force, the time-
axis average of observed values of the acceleration can be
regarded as the gravitational-force acceleration. Thus by
calculating the ratio of a calculated average value of
observed variations in acceleration to the gravitational-force
acceleration 1.0 G, the gradient of the human body can be
found. The average value of observed variations in accel-
eration is output as the magnitude of a direct-current com-
ponent (the Oth-order harmonic) of a spectrum resulting
from a frequency analysis. The magnitude of the direct-
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current component is used to find the gradient of the human
body which is, in turn, utilized for forming a judgment on
the state of the upright/leaning posture of the human body.

In the case of the example described above, the method of
recognition provided by the present invention results in a
degree of brisk-walking likelihood of 0.67 and a degree of
running likelthood of 0.33. By merely looking at such
numbers, none the less, it is still difficult for the observer to
know what motion the body of the object under observation
is put in. In order to solve this problem, there is provided an
embodiment implementing a method of expressing results of
recognition of a motion not in terms of numbers or words but
by animation using CG (computer graphics) which can be
understood by the observer intuitively with ease.

FIG. 30 is a diagram showing the configuration of a
system for displaying results, which are obtained from
observation of a motion, an action and/or work of an object
under observation by using a motion/action/work recogniz-
ing apparatus, by animation using computer graphics as a
method of expressing motions, actions and/or work of an
articulation-structure body.

As shown in the configuration diagram, the system com-
prises: measurement instruments 2 and 3 attached to an
object under observation 1; a motion/action/work recogniz-
ing apparatus 1033 for recognizing the motion, the action
and/or the work of the object under observation on the basis
of results measured by the measurement instruments 2 and
3; a first data base 1030 containing characteristic-quantity
data for use in recognizing the motion, the action and/or the
work; an articulation-structure-body-motion/action/work
expressing apparatus 1035 for expressing motions, actions
and/or work of an articulation-structure body derived from
a result of recognition 1034 as a two-dimensional or three-
dimensional image; a second data base 1031 containing
characteristic-quantity data for use in expressing the motion,
the action and/or the work; and an output unit 1032 for
displaying the two-dimensional or three-dimensional image.

First of all, results of measurements are transmitted by the
measurement instruments 2 and/or 3 attached to the object
under observation 1 to the motion/action/work recognizing
apparatus 1033. The results are then compared with char-
acteristic quantities stored in the first data base 1030 to
output the result of recognition 1034. It should be noted that,
in general, a characteristic quantity of a motion corresponds
to the power (intensity) of a spectrum component at the
gait-cycle frequency for the motion, that is, corresponds to
the amplitude of the acceleration signal representing the
motion. In this example, the result of recognition indicates
that the object under observation 1 is in a state of walking.
The result of recognition 1034 is then supplied to the
articulation-structure-body-motion/action/work expressing
apparatus 1035 for expressing motions, actions and/or work
of an articulation-structure body. In this example, the
articulation-structure body is the object under observation.

The articulation-structure-body-motion/action/work
expressing apparatus 1035 retrieves characteristic quantities
for the result of recognition 1034 output by the motion/
action/work recognizing apparatus 1033 from the second
data base 1031. The characteristics quantities are used for
generating information on the motion of the articulation-
structure body which is finally supplied to the output unit
1032 as animation.

A method of expressing the motion of a human being in
accordance with characteristics of the motion by using
computer graphics is disclosed in a thesis magazine with a
title “ A method of Expressing Walking Behavior of a Human
Being Accompanying Feelings by Animation using com-

20

25

30

35

40

45

50

55

60

65

38

puter graphics,” published by the Academic Society of
Electronic, Information and Communication Engineers,
D-II, Vol. J76-D-I1, No. 8, pp. 1822 to 1831, August 1993,
and in U.S. Pat. No. 5,483,630. These references describe a
method for expressing a variety of motions by animation
using computer graphics whereby, from various kinds of
walking behavior of human beings, characteristic quantities
expressing characteristics of all kinds of walking behavior
are extracted and then, by synthesizing a variety of extracted
characteristic quantities and controlling the strength (the
weight) of each characteristic quantity, a variety of motions
can be expressed by animation using computer graphics. It
should be noted that the strength (weight) of a characteristic
quantity in general corresponds to the degree of recognition
likelihood of the motion represented by a spectrum whose
component power at the gait-cycle frequency corresponds to
the characteristic quantity.

The present invention provides a novel method based on
the method disclosed in the above references. The method
provided by the present invention is used for expressing a
variety of motions by animation using computer graphics in
accordance with characteristics of the recognized motions.

To be more specific, the inventors of the present invention
use the method disclosed in the above references, allowing
a variety of cyclical motions to be generated by controlling
the characteristic quantities of the motions. An outline of
processing to generate such cyclical motions is described in
brief as follows.

FIG. 31 is a skeleton diagram showing a method of
expressing a motion of a human being by using the charac-
teristic quantities of the motion. In particular, the figure is
used for explaining an example of generating the motion of
the joint of a right knee 1044 as a function j(t). It should be
noted, however, that motions of other articulations can also
be generated by using the same method. As a result, motions
of articulations of the whole body can be generated as well.

First of all, the bending angle of the articulation of the
right knee formed during a variety of walking motions is
measured. Then, a difference G(w) between the frequency
characteristic B(w) of normal walking and the frequency
characteristic J(w) of an actually measured walking motion
is found as follows:

G(0)=B(0w)-J(»)

G(w) in the above equation is a characteristic quantity
which used for expressing the actually measured motion.
This characteristic quantity G(w) is stored in a
characteristic-quantity data base 1041 shown in FIG. 31
which corresponds to the second data base 1031 shown in
FIG. 30. As described above, in general, a characteristic
quantity of a motion corresponds to the power (intensity) of
a spectrum component at the gait-cycle frequency for the
motion, that is, corresponds to the amplitude of the accel-
eration signal representing the motion. As shown in FIG. 31,
there are a plurality of characteristic quantities G(w) stored
in the characteristic-quantity data base 1041. Each of the
characteristic quantities has an adverbial subscript for
expressing the characteristic of walking such as “leisurely”
for a characteristic quantity Gleisurely(w), “brisk” for a
characteristic quantity Gbrisk(w) and “running” for a char-
acteristic quantity Grun(w). In addition, it is possible to
append adverbial subscripts such as “walking” and
“depressed” to the symbol G to form new characteristic
quantities Gwalk(w) and Gdepressed(w) respectively which
are not shown in FIG. 31. It should be noted that all these
new characteristics quantities can be found by using the
method explained below.
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A motion can be generated by synthesizing characteristic
quantities for the motion to be generated to give a new
characteristic quantity. The motion j(t) of the articulation is
then generated by carrying out inverse-transformation pro-
cessing on the newly created characteristic quantity. It is
obvious from the following equation that by superposing a
plurality of characteristic quantities and by adjusting the
weights (the strengths) of the characteristic quantities, a
motion other than those actually measured can also be
generated as well.

JO=F T o) l=F [ BOHEW, G ()]

where notation F-1 indicates the Fourier inverse
transformation, notation j(t) denotes the bending angle of the
articulation expressed as a function of time, notation J(w)
denotes the bending angle of the articulation expressed as a
function of frequency, notation B(w) is the characteristic
quantity of the normal walking, notation G,(») represents a
selected characteristic quantity and notation W,, is the
weight of the sclected characteristic quantity G,(w). As
described above, the strength (weight) of a characteristic
quantity in general corresponds to the degree of recognition
likelihood of the motion represented by a spectrum whose
component power at the gait-cycle frequency corresponds to
the characteristic quantity.

For example, let the characteristic quantity Gwalk(j) with
the subscript “walking” representing a normal-walking state
be superposed on the characteristic quantity Gbrisk(w) with
the subscript “brisk” representing a brisk-walking state to
generate a new characteristic quantity Gbrisk(w) with a new
subscript “brisk-walking” to represent an actually measured
motion. Assume that only the weight of the characteristic
quantity Gwalk(j) with the subscript “walking” be con-
trolled. If the weight is set at a value equal to or smaller than
1, for example, an intermediate motion termed ‘rather brisk
walking” between the normal-walking and brisk-walking
states is generated. If the weight is set at a value greater than
1 to emphasize the adverbial expression “brisk™, on the other
hand, a motion termed ‘very brisk walking’ is generated. As
described above, new adverbial expressions such as “rather-
brisk-walking” and “very-brisk-walking” can be newly cre-
ated by adjusting the weight of an existing characteristic
quantity in processes known as interpolation and extrapo-
lation respectively of the existing adverbial expressions
“walking” and “brisk”. In addition, a new motion not
actually measured can also be generated. For example, a
new motion termed ‘jogging’ can be generated by interpo-
lation of the characteristic quantity Gwalk(w) representing a
normal-walking state and the characteristic quantity Grun
(w) representing a running state. Another new motion
termed ‘briskly running’ can be further generated by
extrapolation of the characteristic quantity Gbrisk(w) rep-
resenting a brisk-walking state and the characteristic quan-
tity of the new motion term ‘jogging’. This method is
characterized in that motions of a variety of objects under
observation can be generated with ease by synthesizing
selected characteristic quantities and adjusting the weights
of the selected characteristic quantities used in the synthesis.
The operation to synthesize characteristic quantities to gen-
erate motion information for display is carried out by the
articulation-structure-body-motion/action/work expressing
apparatus 1035 shown in FIG. 30.

The weights of characteristic quantities to be used in a
synthesis of the characteristic quantities are each adjusted in
accordance with the degree of recognition likelihood of a
motion represented by the characteristic quantity which is
obtained by using a technique of recognizing a motion by
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means of an acceleration sensor. Specifically, the motion is
represented by a spectrum, the power of a component
thereof at the gait-cycle frequency corresponds to the char-
acteristic quantity. The adjustment of the weights of the
characteristic quantities allow results of motion recognition
to be displayed by animation using CG (computer graphics).
The characteristic quantities are selected and synthesized in
a method of generating motions of a human being from
characteristic quantities of motions. FIG. 32 is a skeleton
diagram used for explaining a method to display results of
motion recognition 1050 by animation using computer
graphics. As shown in the figure, the results of motion
recognition 1050 include the degree of recognition likeli-
hood W, for each recognition item R,. For example, the
degree of recognition likelihood for the recognition item
walking is W .. First of all, characteristic quantities G, (®)
for the recognition items R, are read out from the
characteristic-quantity data base 1041. By using the equa-
tion given earlier, the characteristic quantities G,(w) are
superposed on each other with the degrees of recognition
likelihood W, of the recognition items used as weights of the
characteristic quantities G, (o) of the respective recognition
items as follows:

JO=F @) W, AB@EW, G, () }]

It is obvious from the above equation that the degree of
recognition likelihood Wwalk is used as a weight of the total
of all the characteristic quantities to create an expression to
recognize the state of walking. According to the superposi-
tion control expressed by the above equation, the magnitude
of the motion of the whole human body gradually decreases
as the degree of recognition likelihood Wwalk for walking
becomes smaller than 1. When the degree of recognition
likelihood Wwalk for walking becomes equal to 0, all
articulation angles also become 0, expressing an upright
posture.

Furthermore, by selecting such a frequency o that a
computer-graphic animation character moves at the same
gait cycle as the recognized gait cycle, animation using
computer graphics can be generated wherein the computer-
graphic animation character moves its legs at the same gait
cycle as the object under observation. In this way, the speed
of the motion of the recognition result can also be expressed.

FIGS. 33 to 36 are diagrams each showing an example
wherein a motion is recognized by using the method of
recognition provided by the present invention and a result of
the recognition is displayed by animation using computer
graphics. A diagram (a) of each of the figures shows an
observed waveform of acceleration values measured by an
acceleration sensor and a diagram (b) shows an average of
the measured acceleration values. A diagram (c) shows
results of recognition and a diagram (e) shows a spectrum of
the motion of the human body under observation. Adiagram
() shows a characteristic quantity of the spectrum compo-
nent at the gait-cycle frequency and a diagram (g) shows the
results of the recognition by animation using computer
graphics.

First of all, the example shown in FIG. 33 is explained. A
measured waveform 1060 is shown in a diagram (a) of the
figure with the horizontal and vertical axes used for repre-
senting the time and the acceleration respectively. In this
example, an object under observation which is initially in a
rest state starts walking gradually and finally walks briskly.
It is obvious from the diagram (a) that the measured wave-
form has the amplitude thereof increasing as the object
transits from the rest state to the brisk walking. A diagram
(b) shows an average value of the measured waveform
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shown in the diagram (a) or the direct-current component of
the waveform. In this example, the object under observation
always exhibits an upright posture as evidenced by the fact
that the gravitational-force acceleration 1061 is maintained
at a value of about 1.0 G all the time. A diagram (e) is a
spectrum of the motion of the human body obtained as a
result of carrying out a frequency analysis of the measured
waveform shown in the diagram (a). The horizontal and
vertical axes of the diagram (e) are used for representing the
frequency and the intensity (the power) of the spectrum
components respectively. A diagram (f) shows only a spec-
trum component 1072 at a gait-cycle frequency which has a
strongest intensity among all spectrum components. The
diagram (f) of FIG. 33 shows only one component of the
same spectrum as that shown in the diagram (e) except that
the vertical axis of the former has a different scale from that
of the latter. Specifically, the intensity of the diagram (e) is
normalized so that the maximum intensity of the spectrum is
shown as a full scale of the vertical axis. A diagram (c)
shows results of observation as a motion-state spectrum with
the present point of time coinciding with the left end 1071
of the waveform graph shown in the diagram (). Graphs are
shown in the diagram (c) with the horizontal and vertical
axes thereof used for representing the time and an item of
recognition (that is, the state of the motion) respectively. The
items of recognition are, starting from the bottom, walking
1075, brisk walking 1074 and leisurely walking 1073. Each
of the graphs is drawn 1n a synthesis of the black and white
colors at a variable concentration which represents the
degree of recognition likelihood (or the weight to be used in
a process of synthesizing characteristic quantities). The
white and black colors represent degrees of recognition
likelihood of 0.0 and 1.0 respectively. At the early part of a
period 1067 of the rest state, there is no item of recognition.
For this reason, no graph is displayed at this part. At the end
of this period 1067, however, the object under observation
starts moving as evidenced by a walking graph shown in an
all but white color. As the object under observation starts
walking at the beginning of a period 1068 of a leisurely-
walking state (a rest-to-walking transition), a leisurely-
walking graph is also shown along with the walking graph.
It is obvious that, during this period 1068, the colors of both
the walking and leisurely-walking graphs turn from white to
black little by little, indicating gradually increasing degrees
of recognition likelihood of the items of recognition ‘walk-
ing’ and ‘leisurely walking’ denoted by reference numerals
1075 and 1073 respectively. Furthermore, as the object
under observation approaches the boundary 1070 between
the leisurely-walking transition 1068 and a subsequent
brisk-walking state, the color of the leisurely-walking graph
turns from black to white little by little, indicating a gradu-
ally decreasing degree of recognition likelihood of the item
of recognition ‘leisurely walking’ denoted by reference
numeral 1073. This is because the object under observation
approaches a normally-walking motion. As the object under
observation passes through the boundary 1070, a brisk-
walking graph is displayed, showing a gradually increasing
degree of recognition likelihood of the item of recognition
‘brisk walking’ denoted by reference numeral 1074 in place
of the leisurely-walking graph. The brisk-walking graph
indicates that a brisk-walking state has been recognized. It
is a diagram (g) that shows the result of the recognition by
animation using computer graphics. To be more specific, the
animation shows a briskly walking motion at the present
point of time at the left end 1071 of the waveform graph
shown in the diagram (a). A diagram (h) shows a spectro-
gram of the motion of the human body with the horizontal
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and vertical axes used for representing the time and the
frequency respectively. Even though not shown in detail, the
spectrogram represents the intensities of the spectrum by the
concentration of picture elements.

FIG. 34 is diagrams showing an example of recognition of
a running state. It is obvious from a diagram (a) of the figure
that the amplitude of the measured waveform is substantially
large in comparison with that shown in FIG. 33. A diagram
(f) shows the characteristic quantity of only a spectrum
component 1080 at a gait-cycle frequency which has a
strongest intensity among all spectrum components. The
strongest intensity shown in FIG. 34 is much stronger than
the corresponding one shown in FIG. 33. A diagram (g)
shows a result of the recognition by animation using com-
puter graphics. FIG. 35 is diagrams showing an example of
recognition of a leisurely-walking state, that is, a state of
walking calmly and slowly. It is obvious from a diagram (a)
of the figure that the amplitude of the measured waveform
is small in comparison with that shown in FIG. 33 due to the
fact that the motion is in a leisurely-walking state. A diagram
(f) shows the characteristic quantity of only a spectrum
component 1081 at a gait-cycle frequency which has a
strongest intensity among all spectrum components. The
strongest intensity shown in FIG. 35 is much weaker than
the corresponding one shown in FIG. 33. A diagram (g)
shows a result of the recognition by animation using com-
puter graphics illustrating a motion in a leisurely-walking
state or a state of walking totteringly. The animation is
generated by superposition of the characteristic quantities
obtained in the recognition of the walking and the
totteringly-walking states by applying their respective
degrees of recognition likelihood as weights. FIG. 36 is
diagrams showing an example of recognition of a collapsing
state. The object under observation collapses at a point of
time denoted by a vertical dashed line 1082 in the figure. At
the point of time, the amplitude of the waveform abruptly
drops to 0.0 G as shown in a diagram (a) while the average
value of the acceleration also gradually decreases to 0.0 G,
indicating a transition from the upright posture to a lying-
down posture. With the human body put in this lying-down
posture, the measurement axis (or the sensitivity direction)
of the acceleration sensor is oriented perpendicularly to the
gravitational-force direction, making it impossible to
observe the gravitational-force acceleration. A diagram (g)
shows a result of the recognition by animation using com-
puter graphics illustrating a state of the lying-down posture.

It should be noted that the apparatus and the system
provided by the present embodiment can also be used as a
tool for diagnosing and displaying the state of rehabilitation
training. In this case, instead of displaying a result of
recognition by animation using computer graphics as it is, a
problem encountered in the state can be emphasized. For
example, when a state in which the object under observation
is dragging the feet thereof is recognized, the state is
displayed by animation by emphasizing the degree of rec-
ognition likelihood for the recognized state which is used as
the weight for the feet-dragging state. In this way, the spot
in question can be emphasized and displayed in the form of
a figure which can be understood by the observer with ease.
Of course, such emphasis processing is applicable to all
fields of motion, action and/or work recognition other than
the rehabilitation training in order to display a result of
recognition in the form of a figure that can be understood by
the observer with ease.

As described above, the present embodiment allows a
result of recognition of a motion, an action and/or work to
be expressed by animation that can be intuitively understood
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by the observer with ease, exhibiting an effect of presenting
an easily understandable result of recognition to the
observer.

It should be noted that, while the present invention has
been described with reference to an illustrative preferred
embodiment wherein an articulation-structure body is dis-
played on a display unit by animation using computer
graphics, the description is not intended to be construed in
a limiting sense. That is to say, the present invention can also
be applied to a pose of a static picture expressing a charac-
teristic of a motion. In the case of a walking motion, for
example, a picture of a side view of a walking object is taken
and the resulting static picture is used as a characteristic
quantity (a characteristic picture) of the walking motion.
Then, when a result of recognition indicates a walking
motion, the static picture is read out and displayed. In this
case, the amount of processing is small in comparison with
the display by animation using computer graphics described
above, giving rise to an effect that it is possible to display a
result of recognition by using a computer with a low
processing speed.

The following is description of an embodiment for dis-
playing a result of recognizing the position as well as the
motion, the action and/or the work of an object under
observation. Unlike the embodiments described so far, in the
case of the present embodiment, the position of an object
under observation is also recognized and displayed. FIG. 37
is a diagram showing the configuration of a system for
displaying a result of recognizing the position as well as the
motion, the action and/or the work of an object under
observation. Reference numeral 1100 shown in the figure is
a motion/action/work recognizing apparatus for recognizing
a motion, an action and/or work of a human being by using
typically the method of recognition explained earlier with
reference to FIG. 1. Reference numeral 1101 denotes an
articulation-structure-body-motion/action/work processing
apparatus provided with a function for displaying a motion,
an action and/or work of an articulation-structure body by
animation using computer graphics on the basis of a result
of recognition of a motion, an action and/or work of an
articulation-structure body carried out by the motion/action/
work recognizing apparatus 1100 by using typically the
displaying method explained earlier with reference to FIG.
31. Reference numeral 1102 is a human-being-position
measuring apparatus for identifying the position of an object
under observation using typically the method explained
earlier with reference to FIG. 11. Reference numeral 1103 is
a processing unit for displaying geographical information or
information on the interiors of buildings. The geographical
information includes altitudes of fields and mountains above
the sea level, road and right-of-way data, and data of
locations and shapes of buildings and structures. On the
other hand, the information on the interiors of buildings
includes data of room arrangement planning in the buildings
and layout of equipment. These pieces of information are
stored in a data base 1104. Reference numeral 1105 is a
display unit. The processing unit 1103 for displaying geo-
graphical information or information on the interiors of
buildings is used for expressing the geographical informa-
tion or the information on the interior of a building related
to the circumference of a position of the object under
observation identified by the human-being-position measur-
ing apparatus 1102 into a two-dimensional or three-
dimensional figure by using a method for displaying geo-
graphical information and information on the interiors of
buildings. In the mean time, at the position of the object
under observation, the motion of the object is displayed by
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computer-graphic animation using the articulation-structure-
body-motion/action/work processing apparatus 1101.

FIG. 38 is a diagram showing an example of operations
carried out by the system shown in FIG. 37. The example
shows motions of objects under observation such as patients
in a hospital. In this example, a layout of the interior of the
hospital is illustrated. If the object under observation gets
out from a building, however, outdoor scenery including
roads and parks can also be expressed in the same way.
Reference numerals 1105 and 1106 shown in the figure are
a display screen and a cafeteria respectively. Reference
numeral 1107 denotes a conversation room and reference
numeral 1108 denotes private rooms. The layout of the
cafeteria 1106, the conversation room 1107 and the private
rooms 1108 is created on the basis of the geographical
information and the information on the interiors of buildings
stored in the data base 1104 shown in FIG. 37. Reference
numerals 1110, 1111, 1112, 1114, 1115 and 1109 each denote
a human being present in the hospital. Attached to each of
the objects under observation are the human-being-position
measuring apparatus 1102 and the motion/action/work rec-
ognizing apparatus 1100 shown in FIG. 37. The human-
being-position measuring apparatus 1102 is used for iden-
tifying the position of the object under observation, to which
this human-being-position measuring apparatus 1102 is
attached, by using the strengths of electric waves transmitted
by PHS base stations 1116 or 1113. On the other hand, the
motion/action/work recognizing apparatus 1100 is used for
recognizing the motion of the object under observation to
which this motion/action/work recognizing apparatus 1100
is attached. Then, at the position of the object under
observation, the motion of the object is displayed by
computer-graphic animation using the articulation-structure-
body-motion/action/work processing apparatus 1101. As
shown in FIG. 38, in this example, the object under obser-
vation 1109 is walking briskly in front of the first private
room 1108 while the objects under observation 1114 and
1115 are sitting at the cafeteria 1106.

In this way, the present embodiment allows what motion
each object under observation is performing and at which
location each object in motion is to be expressed by anima-
tion which can be understood by the observer very easily,
exhibiting an effect that it is possible to present an easily
understandable result of observation to the observer.

In addition, the present embodiment also exhibits an effect
that observation using equipment such as a television cam-
era becomes hardly affected by a blind spot or the like which
is prone to result in the observation, making it possible to
carry out good observation at any place.

Further, while a television camera generally provides a
smaller picture of the object under observation as the
distance to the object becomes longer, making the observa-
tion difficult, the present embodiment on the other hand
exhibits an effect that good observation is possible at any
place as long as the position of an object under observation
is within a range that allows data representing results of the
observation to be transmitted from the human-being-
position measuring apparatus 1102 and the motion/action/
work recognizing apparatus 1100 to the processing unit 1103
for displaying geographical information or information on
the interiors of buildings and the articulation-structure-
body-motion/action/work processing apparatus 1101 respec-
tively.

Furthermore, while monitoring pictures generated by a
television camera allows the observer to obtain information
clearly indicating who and where the object under observa-
tion is, inadvertently giving rise to a possibility that privacy



US 6,941,239 B2

45

of the object is infringed, the present embodiment on the
other hand exhibits an effect that, by expressing the motions,
actions and/or work of only, for example, the objects 1114
and 1115 under observation shown in FIG. 38 by animation
using computer graphics wherein the objects are represented
by animation characters having the same shape as the other
objects under observation except the ways they walk, it is
possible to know the fact that the two objects 1114 and 1115
are sitting at locations in the cafeteria 1106 but impossible
to know other personal information, leading to protection of
personal privacy.

FIG. 39 is a diagram showing a display example illus-
trating the event of an emergency. Examples of emergencies
are states of collapsing and critically suffering states a
patient. In the example shown in the figure, the object under
observation 1112 collapses in front of the fourth private
room. As described above, in the displaying method adopted
by the embodiment described before, personal information
of all objects under observation is concealed for the sake of
protection of privacy. In the case of the present embodiment,
however, personal information of an object under observa-
tion is deliberately disclosed in the event of an emergency
involving the object under observation. An emergency is
recognized by using the method explained earlier with
reference to FIG. 20. In the explanation of FIG. 20, a
particular motion, action and/or work is recognized. In the
case of the present embodiment, since a hospital is cited as
an example, the particular motion, action and/or work refers
to an emergency state of a patient. Having been explained
with reference to FIG. 20, however, the description of the
recognition method is not repeated. In the event of such an
emergency, the position as well as the motion, the action
and/or the work of the object under observation is displayed
as the animation character 1112 and, at the same time, the
display screen also includes information 1117 on the patient
involved in the emergency such as the name, the history of
a case, the physician in charge and the name of the patient’s
protector which are obtained by referring to the ID numbers
of measuring and recognition apparatuses attached to the
patient.

The present embodiment thus exhibits an effect that, in the
event of an emergency, the observer is allowed to immedi-
ately obtain information on the location and the state of the
emergency as well as minimum personal information on the
object under observation involved in the emergency which
is by all means required in handling the emergency while, at
the same time, the privacy of other objects under observation
remains protected.

FIG. 40 is a diagram showing an example of illustrating
positions and motions, actions as well as work of hospital
staffs. In the embodiment described above, in the event of an
emergency, it is necessary to select hospital staffs who are
capable of handling the emergency. In order to select such
staffs, it is necessary to display the current positions and
motions, actions as well as work of the hospital staffs. In this
example, an animation character 1118 is used for expressing
a hospital staff. As shown in the figure, the animation
character 1118 wears a hat for showing that the animation
character is used for expressing a hospital staff. In this
example, the hospital staff 1118 is merely walking, being in
a condition which can be said to be sufficiently capable of
handling the emergency. If a result of the recognition of the
action taken or work done by the animation character 1118
indicates that the hospital staff is currently involved in an
operation or handling taking care another patient in a critical
condition, however, other hospital staffs in close proximity
to the location of the emergency can be found by watching
this screen without the need to directly check with the other
hospital staffs.
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The present embodiment thus exhibits an effect that
people capable of handling an emergency can be judged
without the need to directly check with those people.

In the case of the present embodiment, it is a human being
who forms a judgment as to who should handle an emer-
gency as described above. It should be noted, however, that
in place of a human being, a computer can also be used for
selecting optimum hospital staffs automatically by executing
a variety of optimized algorithms based on the location of a
patient in a critical condition, the cause of an emergency, the
history of a case for the patient and the physician in charge
of the patient as well as the locations, the working conditions
and the specialties of hospital staffs in close proximity to the
place of the emergency.

FIG. 41 is a diagram showing the configuration of a
system for displaying a sequence of motion states leading to
the event of an emergency and for carrying out processing
to handle the emergency. An emergency is recognized by
using the method explained earlier with reference to FIG.
20. The pieces of processing which are carried out by the
system shown in FIG. 41 after an emergency has been
recognized are thus pieces of post-emergency-recognition
processing.

As shown in FIG. 41, the system includes a storage unit
1120 for storing information on the position as well as the
motion, the action and/or the work of each object under
observation, that is, a patient getting into a critical condition
in this case. Specifically, the storage unit 1120 is used for
storing the types of a motion, an action and/or work of each
object under observation recognized by the motion/action/
work recognizing apparatus 1100, information on the loca-
tion of each object under observation identified by the
human-being-position measuring apparatus 1102 and a time
at which each motion is recognized. FIG. 42 is an example
of the structure of data stored in the storage unit 1120 to
represent the recognized motion, action and/or work of an
object under observation as well as the position and the point
of time at which the motion, the action and/or the work are
recognized. As shown in the figure, the structure comprises
an upper row 1122 for describing the states of the motion,
action and/or work and a lower row 1123 for describing the
coordinates x, y and z of the location and the time at which
the motion, action and/or work occur. A new set of such
information is added each time a state of a motion, an action
and/or work is recognized. In this example, a set of infor-
mation added last is recorded on a column 1125. That is to
say, sets of information are added sequentially one after
another in the right and down direction. The more a column
is located to the left or the higher the position of a column
in the data structure, the older chronologically the set of
information recorded on the column.

Let a specific motion pattern 1121 of a patient in an
emergency be collapsing, lying down and lying down for-
ever as shown in FIG. 42. When this specific motion pattern
is detected, an emergency recognizing apparatus 1125 car-
ries out animation processing by using an articulation-
structure-body-motion/action/work expressing apparatus
1126 for expressing also a transition of an object under
observation from a location to another in order to display
details of the emergency.

FIG. 43 is a diagram showing, in the event of an
emergency, a typical display of a sequence of motion states
leading to the emergency which are expressed by the
articulation-structure-body-motion/action/work expressing
apparatus 1126. Reference numeral 1112 is a place at which
a patient under observation collapses. As the emergency
recognizing apparatus 1125 detects the specific motion pat-
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tern 1121 shown in FIG. 42, the storage unit 1120 used for
storing the identified positions as well as the recognized
motions, actions and/or work of the patient is traced back
retroactively by a predetermined time to a column 1124 of
the data structure for recording a brisk-walking state in the
case of this example. Animation based on motions, actions
and/or work of the patient under observation is then carried
out, starting with the set of information recorded on the
column 1124, progressing sequentially one set after another
toward the chronologically newest set. The example shown
in FIG. 43 illustrates animation wherein the retroactive trace
of the emergency starts from a period 1130 in which the
patient was briskly walking. In a subsequent period 1131,
the patient was walking and, in the next period, 1132, the
patient was standing still. Subsequently, during a period
1133 the patient collapsed and, in the following period 1134,
the patient is lying down and does not move any more. It
should be noted that, by repeating the process described
above, a sequence of motion states leading to the event of an
emergency can be displayed repeatedly.

The present embodiment thus exhibits an effect that, since
a sequence of motion states leading to the event of an
emergency can be displayed retroactively to a point of time
in the past, detailed understanding of the emergency based
on a sequence of circumstances leading to the emergency
can thus be obtained with ease and actions to be taken for
handling the emergency can therefore be studied easily.

The following is description of an embodiment imple-
menting a method for improving the accuracy of measured
values obtained by means of the human-being-position
measuring apparatus 1102 by using results of recognizing a
motion, an action and/or work as a reference for consider-
ation with reference to FIGS. 44 and 45. FIG. 44 is a
diagram showing the configuration of a system for improv-
ing the accuracy of measured values obtained by means of
the human-being-position measuring apparatus 1102 by
using results of recognizing a motion, an action and/or work
as a reference for consideration, and FIG. 45 is a diagram
used for explaining how the accuracy of measured values
obtained by means of the human-being-position measuring
apparatus 1102 can be improved by using results of recog-
nizing a motion, an action and/or work as a reference for
consideration.

Having been described before, detailed explanation of the
motion/action/work recognizing apparatus 1100 is omitted.
In the human-being-position measuring apparatus 1102, the
distribution of the electric-field intensity of an electric wave
transmitted by each of a plurality of base stations is found by
measurement or simulation in advance. The human-being-
position measuring apparatus 1102 attached to an object
under observation reccives electric waves from the base
stations and computes the intensity of each of the electric
waves. The intensities of the electric waves are then com-
pared with the distributions of electric-field intensity in
order to identify some candidate positions. For example,
assume that the human-being-position measuring apparatus
1102 attached to an object under observation receives an
electric wave with an electric-field intensity Xdb from a base
station A denoted by reference numeral 1150 and an electric
wave with an electric-field intensity Ydb from a base station
B denoted by reference numeral 1151 in FIG. 45. Reference
numeral 1152 shown in the figure is a region of the distri-
bution of electric-field intensity of the electric wave trans-
mitted by the station A 1150 in which the electric-field
intensity is equal to Xdb. By the same token, reference
numeral 1153 is a region of the distribution of electric-field
intensity of the electric wave transmitted by the station B
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1151 in which the electric-field intensity is equal to Ydb. As
described above, the distributions have been found by mea-
surement or simulation in advance. Thus, a region in which
the human-being-position measuring apparatus 1102 is
capable of receiving the electric waves from both the sta-
tions A and B at the same time is a junction region 1154 of
the regions of the distributions of electric-field intensity
1152 and 1153. That is to say, the object under observation
is at a place somewhere in the junction region 1154.
However, this region has a substantially large area due to a
poor accuracy of measurement of an electric-field intensity
by the human-being-position measuring apparatus 1102 and
due to random reflection of the electric waves. As a result,
it is merely possible no more than to identify roughly a
position of the object under observation. In order to solve
this problem, there is thus provided a unit 1140 adopting a
method for inferring the position of an object under obser-
vation from geographical information and information on
the inferiors of buildings. By using this method, a more
precise position of an object under observation can be
identified from a region, in which the object is present, found
by the human-being-position measuring apparatus 1102, the
state of a motion, an action and/or work of the object found
by the motion/action/work recognizing apparatus 1100 as
well as the geographical information and information on the
interiors of buildings stored in the data base 1104. In the case
of the example shown in FIG. 45, for example, assume that
there are two objects 1156 and 1157 under observation in the
region found by the human-being-position measuring appa-
ratus 1102 but, according to the state of the motion, action
and/or work of the object found by the motion/action/work
recognizing apparatus 1100, the object is recognized to be in
a motion of ascending a staircase. The geographical infor-
mation and information on the inferiors of buildings stored
in the data base 1104 is then searched for a place at which
the staircase is located. From a result of the search, a place
1155 at which the staircase is located is identified as the
position of the object under observation, that is, the object
1156 instead of the object 1157 in this case. If the motion/
action/work recognizing apparatus 1100 suggests that the
object is walking at an ordinary location with no particular
shape as is the case with the object 1157, on the other hand,
then the exact position of the object under observation can
also be identified because, at least, the position of the object
is clearly not the place at which the staircase is located. In
addition, the position of an object under observation can also
be identified from information on a point of time the object
finishes the ascending of the staircase and a period of time
during which the object is walking as follows.

FIG. 46 is a diagram showing in detail how the position
of an object under observation can be identified from
information on a point of time the object finishes the
ascending of the staircase and a period of time during which
the object is walking. FIG. 46 is a diagram used for
explaining a method for correcting a position identified by
using results of recognizing a motion, an action and/or work
output by the motion/action/work recognizing apparatus
1100 as a reference for consideration. Reference numeral
1165 is a orientation along which the object under observa-
tion is walking. In the example shown in this figure, the
position of an object under observation is identified by
using: an apparatus for determining a rough absolute posi-
tion of the object by using an electric wave transmitted by
a base station A 1150 of a cellular system; an apparatus for
determining a relative position by using the number of
walking steps output by an instrument attached to the object
for counting the number of walking steps and information
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output by an instrument also attached to the object for
monitoring changes in orientation and changes in onward-
movement direction; and an apparatus for determining a
position by using results of recognizing a motion, an action
and/or work output by the motion/action/work recognizing
apparatus 1100 described above with reference to FIG. 4.

As explained earlier, the measurement accuracy of a
cellular system is not so high. As a result, even though the
rough region satisfying the condition of the electric-field
intensity, that is, a region in which the intensity of the
electric fields is strong enough for reception, is identified,
the absolute position of an object under observation can not
be determined if the object is in motion. To solve this
problem, a means for determining a relative position is
resorted to. The apparatus for determining a relative position
is used for calculating a moving distance of an object under
observation by computing the product of the number of
walking steps output by the instrument attached to the object
for counting the number of walking steps and an average
step length of the object. The apparatus for determining a
relative position of an object under observation is also used
for identifying the moving direction of the object by using
information output by an instrument for monitoring changes
in orientation and changes in onward-movement direction
which is typically implemented by a orientation sensor or a
gyro attached to the object. By integrating moving distances
in their respective moving directions, the relative present
position of the object under observation can be determined.
As a result, it is possible to keep track of the movement of
the object under observation in an identified rough region
satisfying the condition of the electric-field intensity, that is,
a region in which the intensity of the electric fields is strong
enough for reception. Specifically, by using an absolute
position measured by the cellular system as a reference (or
an initial position), the absolute position of an object under
observation is found from a relative position output by the
relative-position measuring apparatus as a result of integra-
tion which is computed by integrating moving distances in
their respective moving directions as described above. As
described above, however, the measurement accuracy of the
absolute-value measuring apparatus which is used for deter-
mining the initial position of the object under observation is
poor. As a result, an initial error will affect subsequently
found values. Further, in the apparatus for measuring a
relative position, sampling-interval errors, measurement
errors and integration errors are also accumulated as well. In
order to solve this problem, the apparatus for determining a
position by using results of recognizing a motion, an action
and/or work is used for compensating the absolute position
for the errors.

In the case of the example shown in FIG. 46, assume that
a result of recognition of the state of a motion, an action
and/or work indicates that the object under observation
finished the ascending of the staircase. In this case, the upper
end 1160 of the staircase is identified as the position of the
object. The upper end 1160 of the staircase has a precision
much higher than the junction region 1154 obtained as a
result of measurement output by the cellular system. Then,
with the upper end 1160 used as an initial value of the
absolute position, it is thus possible to keep track of the
position of the object under observation by using the appa-
ratus for measuring a relative position.

Assume that, according to the orientation sensor or the
gyro attached to object under observation, the object is
moving from the initial value 1160 of the absolute position
in a direction toward to the south. In addition, according to
the instrument attached to the object for calculating the
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number of walking steps, a distance along which the object
has walked can be calculated. In this way, a walking locus
1163 of the object can be identified. Assume that the object
is turning the moving direction to the west along a locus
segment 1165. By the same token, the walking locus at the
segment 1165 can be identified from information output by
the orientation sensor or the gyro and a walking-step count
produced by the instrument for counting the number of
walking steps. Loci traced by the object thereafter can also
be found in the same way, allowing the present position 1161
of the object to be identified.

It should be noted that while the present invention has
been described with reference to an embodiment wherein a
cellular system is used as a typical means for measuring an
absolute position, the description is not intended to be
construed in a limiting sense. Another system for measuring
an absolute position such as the GPS can also be used as
well.

In the embodiment described above, a distance is calcu-
lated as a product of the number of walking steps and the
length of a standard walking step. It is worth noting,
however, that a result of recognition of a motion, an action
and/or work may indicate that an object under observation is
in a motion state of a leisurely walk or running. In this case,
instead of using the length of the standard walking step, the
length of the actual walking step in the motion, action and/or
work is computed from items of recognition, that is, states
of motion, and the degrees of recognition likelihood
obtained for the items of recognition. Likewise, the distance
is then calculated as a product of the number of walking
steps and the length of the actual walking step. In this way,
the distance can be found with a high degree of accuracy in
comparison with that computed by using the length of the
standard walking step.

Also as described above, in the present embodiment, a
moving distance is calculated as a product of the number of
walking steps and the length of a standard walking step as
described above. It should be noted that, as an alternative, a
sensor can be used for detecting the speed or the acceleration
of an object under observation in the onward-movement
direction. In the case of a speed sensor, the moving distance
is then calculated by integration of measured values of the
speed. In the case of an acceleration sensor, on the other
hand, the moving distance is calculated by double-
integration of measured values of the acceleration.

Also as described above, in the present embodiment, a
position found by the apparatus for measuring an absolute
position in conjunction with the motion/action/work recog-
nizing apparatus is used as an initial position of a walking
locus. It should be noted, however, that if the object under
observation is in such a motion and/or takes such an action
during a measurement carried out by the relative-position
measuring apparatus that the position of the object can be
identified, a position to be used as a new initial position can
also be newly identified on the basis of the motion, the action
and/or the work with relevant geographical information or
relevant information on the interior of the building used as
a reference. In this way, sampling-interval errors, measure-
ment errors and integration errors can be prevented from
being accumulated in the apparatus for measuring a relative
position. This technique is particularly effective for a mea-
surement of a position outside the service area of the cellular
system. In the case of a measurement of a position outside
the service area, since the apparatus for measuring an
absolute position can not be used, the position is identified
by resorting only to the apparatus for measuring a relative
position which has the problem of error accumulation
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described above. By using this technique, however, the
identified position is corrected from time to time, allowing
the problem of error accumulation to be solved.

Also as described above, the present embodiment pro-
vides a method for measuring a position by using a cellular
system based on a plurality of base stations. As an
alternative, the cellular system can also be used in conjunc-
tion with a GPS for finding a position by means of a satellite
or another position measuring apparatus in order to improve
the accuracy of the position.

In addition, in the drawing method, it is possible to place
the object under observation in a screen at a position found
by the apparatuses and the methods provided by the present
embodiment and to draw a drawing range in synchronization
with the position of the object which changes from time to
time, accompanying the movement of the object.

Further, a navigation system for guiding an object under
observation can be built according to the same principle by
using information on the position of the object found by the
apparatuses and the methods provided by the present
embodiment as a feedback.

Finally, the present embodiment exhibits an effect that a
position obtained as a result of measurement by using the
conventional position measuring apparatus can be compen-
sated for errors to give a further improved accuracy.

What is claimed is:

1. A method of displaying a position of a subject com-
prising the steps of:

recognizing a number of steps, a direction, absolute

location of the subject, and action/movement of the
subject, based on signals received from a device
attached to the subject;

when action/movement recognition indicates movement
of the subject, estimating a migration length of the
subject based on the recognized number of steps,
determined by said recognizing a number of steps, and
a predetermined stride for the subject;

calculating a relative position, relative to the absolute
location of subject which is a specified location of the
subject as an initial value according to the recognized
action/movement of the subject, sequentially by using
the recognized direction and the estimated migration
length,

specifying a position of the subject from the relative
position and the absolute location; and

displaying on a display the specific position of the subject.
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2. The method according to claim 1, wherein the prede-
termined stride is the stride which is calculated by a result
of the action/movement recognition, such as “running” or
“walking”, or the like.

3. The method according to claim 1, wherein a relative
position, relative to the absolute location of subject which is
a specified position of the subject as the initial value, is
calculated sequentially by using the recognized direction,
the specified position, and the estimated migration length,
and

a trace of the subject is displayed by displaying sequen-

tially calculated relative positions of the subject.

4. The method according to claim 1, wherein when the
subject has reached a spot that the present position of the
subject can specify as an absolute location such as an
entrance of a building among geographical information or
information in a building, the present position is overwritten
with the spot.

5. The method according to claim 1, wherein by means of
the action/movement recognition, the action/movement that
the subject performs is recognized and displayed.

6. The method according to claim 5, wherein in accor-
dance with biological information of the subject, said action/
movement is recognized, and when the action/movement
recognized about the subject falls under a specified action/
movement pattern such as illness or injury this recognition
is displayed.

7. The method according to claim 3, wherein on the
occasion of displaying action/movement of subject, display-
ing personal information of the subject.

8. The method according to claim 6, wherein when there
are plural subjects, those subjects are grouped and their
personal information is displayed with the degree of detail
changed according to the group of which the subject is a
part.

9. The method according to claim 6, wherein the biologi-
cal information includes at least one of pulse, blood
pressure, body temperature, blood sugar value, breathing,
value of electromyography (EMG), value of electrocardio-
graph (ECG), blood flow, or brain waves.

10. The method according to claim 1, wherein the initial
value is determined by the relevant geographical informa-
tion which is correspondence to the recognized action/
movement of the subject.
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