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CH : Come here

GR : Go right GL : Go left

(a) Five Kinds of Hand Gestures

(b) Motion of Hand Gestures CH
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# 1 Recognition of Gestures

Similarity | Similarity | Similarity
(51) (S2) (S3)
Estimation
(EY) 70.0 90.0 80.0
Estimation
(E2) 60.0 80.0 80.0

% 2 Comparison of Markers by Gesture Distances

Sub./Ges. Markers
TW P Py P Py P;
CH 4/GA | 4/GA | 4/cD | 4/GA | 4/GA
GA 8/GA | 9/GA | 9/GA | 8/GA | 8/GA
GR 7/GR | 8/GR | 8/GR | 6/GR | 5/GR*
GL 5/GL | 4/GL* | 4/GL* | 5/GL | 5/GL
CD 6/cp | 5/GA | 5/GA | 7/cD | 8/CD
ST P P, Ps Py P;
CH 8/cH | 9/cH | 11/cH | 9/cH | T7/cH
GA 7/GA | 9/GA | 9/GA | 9/GA | 5/CD
GR 9/GR | 10/GR | 11/GR | 6/GR | 9/GR
GL 7/GL | 8/GL | 10/GL | 5/GL | 8/GL
CD 4/cp* | 5/GL | 5/GL | 5/CcD | 6/CD

Accuracy
(%) 93.85 | 80.28 | 81.58 | 93.75 | 86.15
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MANTz RACHERERY. RIS, B1~—7 P
PWiRER - LT &z, Zhors, H1
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7. BERFHE LT, MHBIREE FR S o & BV
7=, FERS AT, GHIE P TOEIE G DIRERA
T = A 6= (X5 Y6 ZHO) IR LT, B ERE &
(X, Y, Z)D 3 Jmn 6k 28T — 4 %55 3 FRH
¥ CHiZE 4 47y, TRD & CHDRICHIR L 7=, TR
SRR W2 5 2 2 ) ¥ 2 T4 (PCA Clustering)
T, BIMED Y 5 2 2 —ordulh 5 OFEEEE RN T,
72, TR % IO 22 B 1 (PCA Distance)
T, FPUE S, #HWTHR L 22, #R4%&R5ITR
T, BMENEEEE TR, ATO~—HIZx LT, 90.0%
EEWEERLTED, £ — 7 OBHFEHETE
87.12% DK #147=. EfERY P LIETIE, &2TO
2= LT, 80.0% L EMEATRL, Bl ~v—A
T393.94% DKEYE %157

RO R S HELEHTTH D5 T &

# 3 Results of Method for Similarity between Gesture

Vectors
Similarity | Similarity | Similarity
CH 1 2 1
GA 3 4 4
™ | GR 2 3 3
GL 1 3 3
CD 0 3 3
CH 2 2 2
GA 1 4 4
ST | GR 3 4 4
GL 0 3 2
CD 0 4 4
Accuracy
(%) 30.3 80.0 75.0
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% 4 Comparison of Markers by Gesture Vectors

Sub./Ges. Markers
™ Py Py Ps Py Ps
CH 2/GA | 2/GA | 2/GA | 3/GA | 2/GA
GA 4/GA | 4/GA | 2/GA* | 4/GA | 4/GA
GR 3/GR | 3/GR | 3/GR | 3/GR | 3/GR*
GL 3/GL | 3/GL | 3/GL | 3/GL | 3/GL
CD 3/cD | 2/GA | 3/GA | 2/cD | 2/CD
ST P Py P Py P
CH 2/cu* | 2/cu* | 2/cu* | 2/cH* | 2/cH*
GA 4/GA | 4/GA | 4/GA | 4/GA | 4/CcD
GR 4/GR | 4/GR | 4/GR | 3/GR | 3/GL
GL 4/cL | 4/cL | 4/GL | 3/GR | 4/GR
CD 4/cp | 4/cp | 4/cD | 3/cD | 4/CD
Accuracy
(%) 93.94 | 87.50 | 83.87 | 80.00 | 58.06
%5 Comparison of Methods
Ges. | Ges. | Corre. | PCA | PCA
Markers | Dist. | Vec. Co. Clus. | Dist.
Py 93.85 | 93.94 | 60.0 20.0 | 60.0

Py 80.28 | 87.5 80.0 40.0 | 80.0
Py 81.58 | 83.87 | 80.0 60.0 | 40.0
Py 93.75 | 80.0 80.0 40.0 | 40.0

P 86.15 | 58.06 | 60.0 20.0 | 40.0
Average | 87.12 | 80.67 | 72.0 36.0 | 52.0
All

Markers | 90.0 | 80.0 70.0 60.0 | 40.0

—J5, MBIREIC KB HATIE, AERERIEEL< I
WA, BWERE A AW, 72, TR E W
7205 28N YT, FRAT E O SRR
HTIE, RO oo, ZTheDEL
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WELEW, 207280, RRIT—2DREREE S
BATE, BORBELMRTE TSI LELLN
5.
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sa A b= (k) O Y = 7 5 7L 3 HiflEE &
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v # — (MotionRecorder, MVP-RF8) & % ® 5 — & 4L
HY 7 by 272G, EEL Y —0% 7
V2L — MZ100Hz TH Y, itk (X)), E T
(Yl , AT (Z8h) 0 3 F51 % Rk T
5., 7o, WIS, BV US54 BB
SERlE w P ARG, BT RO 20, BREOLE
DRI R — 4 — &L L, BEICED /Y P43
B U7z R R — & — 35 O B v ) A kA &
HEOEMAERMEIC T 5. 72, WOV FIIHERE
DI ORI & BITEOBRIE % F 4 &1, 1N T v AREGE
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ZNEOWEIZLD, PEREOBITIZBEDLIT L
BT 5. FBS, Tho OWE %8 LR raiE
FEANCRD LTS 5 572, Rl & 3 [k 502
Strong DA, FEHFH OREES 1 T8 (B8 AT Bk
M) EFEBIL TV B A, LA L, Weak& Normalld,
HWeh o3 TE RN, LEd-T, 3LIHN6D
HWHREMEOBENBETLIZEDHBITCE S5 51E, &
BREMTIE, KOS ERISO/RERS Z L1k
D, FHCHEORFREH B LDy b EHTH
5.

X 6 12 FhRE R & R A 2R T, BERE T2l
~3UR DB 5 %4 (Y], TK, KT, KS, TF) & 1 1 %
RT)DAFT 6% TH 5. 4 mOREHER TO T %M
EL, BHEE I 4 MOBIT AT S . BITEIED E
FErlET 5729, 3OO0 EY Yy —E2R5E L7,
Py L BE%J7E8 (B Waist) , P, © 45 FIRESB (R. M. Shank),

Weak

Normal Strong

6 Experiment Environment for Ambulation
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Time [s]
(a) Ambulation of Subject YJ
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o
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(b) Two Steps of Subject YJ

7 Example of Ambulation
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# 6 Singular Value of Ambulation Experiment

Restraint Py P Ps
Subjects | Ambulation | X Y Z X Y Z X Y Z

Normal 17.7 | 23.4 | 21.8 | 57.9 | 52.7 | 50.9 | 46.8 | 55.6 | 334
TF Weak 17.0 | 23.3 | 26.9 | 33.3 | 34.7 | 39.4 | 42.5 | 48.0 | 284
Strong 176 | 22.8 | 27.3 | 31.7 | 30.3 | 37.7 | 40.4 | 43.1 | 27.8
Normal 114 | 94 | 12.1 | 459 | 40.5 | 22.2 | 47.3 | 48.2 | 18.9
YJ Weak 109 | 82 | 154 | 234 | 11.2 | 13.9 | 43.9 | 33.5 | 14.7
Strong 18.3 | 10.4 | 185 | 19.5 | 10.2 | 13.0 | 42.0 | 25.6 | 13.7
Normal 18.1 1 19.3 | 12.6 | 51.1 | 34.3 | 34.0 | 51.9 | 47.8 | 30.1
TK Weak 20.6 | 204 | 17.0 | 27.5 | 25.1 | 264 | 45.7 | 45.8 | 27.3
Strong 20.2 | 20.0 | 15.7 | 25.3 | 20.1 | 21.9 | 42.8 | 38.5 | 27.7
Normal 20.2 | 19.0 | 12.8 | 60.4 | 58.8 | 36.3 | 57.3 | 66.4 | 25.8
KS Weak 19.7 | 156.8 | 19.0 | 36.8 | 32.0 | 21.5 | 52.4 | 55.0 | 20.1
Strong 188 | 15.9 | 19.2 | 33.5 | 29.3 | 18.9 | 39.6 | 34.6 | 19.3
Normal 28.0 | 24.5 | 19.6 | 70.8 | 53.7 | 37.5 | 58.7 | 58.0 | 32.5
RT Weak 24.5 | 22.3 | 17.8 | 60.7 | 34.9 | 27.3 | 56.9 | 58.1 | 30.4
Strong 22.5 | 23.7 | 19.1 | 51.5 | 33.3 | 20.8 | 50.3 | 52.7 | 26.1
Normal 23.4 | 275 | 179 | 57.1 | 65.3 | 40.3 | 60.6 | 74.3 | 32.0
KT Weak 21.6 | 31.5 | 24.3 | 40.3 | 37.4 | 25.4 | 46.0 | 59.6 | 22.1
Strong 18.5 | 24.3 | 224 | 385 | 26.8 | 16.0 | 38.5 | 46.4 | 16.4
Normal 19.8 | 20.5 | 16.1 | 57.2 | 50.9 | 36.9 | 53.8 | 58.4 | 28.8
Ave. Weak 19.1 | 20.3 | 20.1 | 37.0 | 29.2 | 25.7 | 47.9 | 50.0 | 23.8
Strong 19.3 | 19.5 | 20.4 | 33.3 | 25.0 | 21.4 | 42.3 | 40.2 | 21.8

# 7 Result of F Test on Restraint Ambulation

Y
8 Singular Value of Ambulation Experiment

REAWT, X, Y, ZDO3XT LT, BEDOHITINGE
EWURY % FIREREL 2.

W, REREOFIEE ST A R L, 20
PN T, HelBiE (EE) OBATIRED & PRI AR
NTERETA Y. TOEHREOERIIZL 5T, #HEk
F (8E) OBATIREE YT 5. Pl AW TEED

520

Variation Sum of Mean F P
Factor Sq. df Sq. Val. Val.

Be.Gr. 7902.4 2 3951.2 33.56 6.61E-11
X | With.Gr. | 8123.9 69 117.7

Total 16026.3 71

Be.Cr. 9263.1 2 4631.5 47.76 9.56E-14
Y | With.Gr. | 6690.9 69  97.0

Total 15954.0 71

Be.Gr. 79024 2 1536.8 21.13 6.93E-08
Z | with.Gr. | 8123.9 69  T72.7

Total 16026.3 71

BATEE ()N T = 3 V) EHEETS0T, 20
Fifii & R T &R, R TFHOBERRY L% =
(ny, n, n,) TRL, EFHBTORRIEO V-0 pE
& (ol, o, o}) TET L, VHERIZXRD &S ITE
Eha.

ng(x— ol ) +ny(y—o))+n.(z—0cl)=0 (15)

RV OS2 K 9 1R d . HEHACEHZA) O
3XTT LT (o,, 0,, 0.) »RFHEIDMERE (0%, o)
I N, HdR T (RE O AT IRNMERE) O V-1 hil A
575 B EMANOIERL (0%, o) = (0%, 0¥, 0%) %4
FUBAT (G OBATIREERE ) O HE O P % Ko
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5. ZOMEKEN & RS S WEEREACEEFA) DT
I 2 53 5 .

W, ERETKEBEALIEL, KOO 5D
B 7 AR U 72 R & X018 9. R 5 44
DWERENPBERD LS I2H 5N,

—0.810x + 0.532y + 0.2462z + 9.284 =0 (16)

PERETK (GREA) OIEFAT, FHdsAT, il
FBArER Ecehzh, sm(NL, WC, SC) &ifinrh,
FEFAO M & 22 LA, SU(NLE, WC* SC*)
ELTHPN TS, IEFEBITANOHANARVWERF
ZIROH, PHRAT & BRI TIRIE L < SR < h
TWa., Zhbo OFE2 S, RVMIZE T, {70
REEPE 2 E ISR S L, BE OSBRI O IRREHE
i BEIRL L B L ORAIANSE ISR TE 5.

Normal A. /

(OxN oyN ’ UZN)

Patient A (0,4, of a,f)

Rehabilitation Plane
(R Plane)

Weak C. A. Y
v
(0., 0,,0,) ~ Strong C. A.
=(ay, o'j')
X
|
9 Rehabilitation Plane
60
| PatientA  Normal
40 (L)
. Patient A A
J (wce)
Patient AA A
20 F (Sc) we*
SC.-" Strong
0 1
0 20 40 60 80

10 Example of Rehabilitation Plane
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Acquisition of Motion Features by Singular Value Decomposition
by
Yinlai JIANG, Isao HAYASHI and Shuoyu WANG

Abstract :

Recently, various methods that analysed physical movement have been proposed. Kawato has argued that inter-
nal model with closed loop between feedback control and feedforward control is useful for sinuous movement as a
model for motor control. In this paper, we consider internal model as a function model identified from observed
data, and propose a model to extract the characteristic of human movement with singular value decomposition from
the time-series data of various sensors. We call the knowledge acquired by the internal model embodied knowledge.
In particular, we categorized gesture motions by two kinds of models with the indexes of similarity and estimation
using left singular vectors. In addition, the ambulation movement is distinguished by hyperplane of three-dimension
constructed by singular value. Finally we discussed characteristic and significance of the movement analysis using
singular value decomposition proposed in this paper.

Keywords : Singular Value Decomposition, Embodied Knowledge, Gesture Motion, Ambulatory Motion, Motion Analysis
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