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A Consideration of an Individual Identification Method by Gait

1.
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a Markerless Motion Capture Device

KeNIcHI TAKADA! TERUAKI KITASUKA! MASAYOSHI ARITSUGI!

Abstract: In this work, we examine to recognize household members by gait using Kinect for Xbox360 as
a markerless motion capture device. We thought and examined that could recognize members with gait of a
various direction by converting to look like the gait of the same direction as the dictionary data, because we
could acquire of skleton data as three dimensional data. We show 10 people identification accuracy of 82.4%
with a support vector machine classifier in gaits of one direction. It was converted to look like the walking
gait of 45 degrees to 90 degrees from the optical axis of camera, individual identification accuracy was low.
Therefore, we compared the two gaits that were captured at the same time. And it was revealed that the
gap of skeleton data was big by the gait of 90 degrees.
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CLEEMRBLT, FOANRDDHEREITHETE DIREIZT
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Kinect for Xbox360 1%, ¥ = AF ¥ Bk AECF F il
HEREZ A9 5 Xbox360 o= b —FThH 5. AHFFE
Tl Kinect for Windows SDK beta 2 Zf# L 7=. Kinect
ERCGBIAZEWRENI AT, wVFTVLA~AY, 71
YoV EFFO. BES AT, 800mm 25 4000mm DO
P Z mm A4 — 4 —C Kinect 7> 5 DO BiHi & 2 {3 5.
a—HFDr Ty NROFET — 21X, TBEIATNLIG
LT —# %232 Kinect NO 7otk v CTHEESINS.
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Windows, Asus =8¢ Xtion Pro 3 X OF Xtion Pro Live
N 5. KIFFETIE, T34 AI1Zi% Kinect for Xbox360 %
H 7z, Kinect 13 2010 412 Microsoft #1265 5858 S 4172
Xbox360 D= b —FThD. 4L, s Bk
%7 Kinetics” &, 27203V %77 Connection” & fl A&
LTS, Kinect 347 —hAZ, WEL Y, < /ILF
TLASA T 5/DL, ~— I —ORERNVE—Ta - Fy
TFXERREET LT A ATHD.

2011 4E 6 H 7> 5 242 WindowsPC |1 1 o B 3¢ B 5%
Kinect for Windows SDK @ beta itz /AR L T\ 5. 2012
42 A 1 B»5 Kinect for Windows 23378 &, #HA B
7B 5213 Kinect for Windows SDK & 72 - 72, Kinect for
Windows 1%, Near E— N &IN5 H LWEEREA DY,
PC AT 522 HME LTS,

BH B 5212 1% Kinect for Windows SDK beta 2 %
7. Kinect for Windows SDK {2 & 2 BA% 121X, Windows
TUBOD~A Y7 h®OS PULET, BHBSHELEL
TCH+&C#RfEHTES. £, »"—F7 =7 Dual-
core2.66Ghz L _E® CPU, 2GB LA Ed RAM, USB 2.0 LA
O USB BB %

3.2 Kinect "o B TEDLT—4
Kinect "HHETE AT — X IZKEL BIFTH T —
BEEET—%, BT —X, 3/)’(755?5%*5'0)40?
H5.
° 7\7?‘“@1%
640 X 480 pixel & L < {% 1280 X 960 pixel D 7 —
A2 EST& 5. 640 X 480 pixel THUE L7=6i%
X 2 1R T. 72720, K2 OEEESIET T A R DR
O D% G0 E LT,
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3 FEmE 320 X 240

®1 HET—H
skeleton position X y z [mm)]
HIP CENTER (fi L) 0.4864 | 0.4813 3367
SPINE (FF4%) 0.4887 | 0.4606 3425
SHOULDER CENTER 0.4905 | 0.3338 3445
(8 i)

HEAD (B) 0.4834 | 0.2659 3392
SHOULDER LEFT (J§ %) 0.4454 | 0.3746 3452
ELBOW LEFT (OU %) 0.4252 | 0.4789 3415
WRIST LEFT (F# /) | 0.4021 | 0.5650 | 3330
HAND LEFT (F %) 0.3925 | 0.5954 3283
SHOULDER RIGHT (i 47) | 0.5342 | 0.3745 | 3411
ELBOW RIGHT (O'U £) 0.5491 | 0.4802 3402
WRIST RIGHT (F# 4) | 0.5588 | 0.5756 | 3361
HAND RIGHT (F £) 0.4383 | 0.8532 3273
HIP LEFT (il /2) 0.4656 | 0.5075 3362
KNEE LEFT (O& 7£) 0.5598 | 0.6136 3342
ANKLE LEFT (2% %) 0.4435 | 0.8230 3317
FOOT LEFT (& %) 0.4477 | 0.6874 3319
HIP RIGHT (fi ) 0.5055 | 0.5085 3342
KNEE RIGHT (0:& 1) 0.5132 | 0.6818 3300
ANKLE RIGHT (&#& £) 0.5098 | 0.8147 3279
FOOT RIGHT (& £) 0.5071 | 0.8297 3182

ROETERD. 2 1 TEET—# L[ L < 800 mm 2>
© 4000 mm OFIFH TH IS 5.
511% 1 OF —% %32 OpenCV TR L7ZH[# T
b5
o IRILEFRT —H
vw%7V474ﬁ#6W%T%5 BT —2Th
BOMFm b LN, AR TIERAVZR .
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NKRD [4] PBEFRFECANCDHBNE L OBNERND.
K S OFRINE, iﬁ“ﬁf SEEgE STy MERE
FHL, 1R YO L=y 2RI I T UYL XL
THER 7 — ) =B HAE 35, LT, AT TRELI-HE
BRI 53 DR R ER TR TITR LT LB E L,
T — 2 LI, KEFET — 2 2L ICEESEA o
OHFREZHWT, BAZHENT5H. 72, BAZITWD
BITOHFMPEDD Z LI, FET—Z L2250, Ht
BOHATICEYREFCRE L, 3D ET AEERLTEHE
<. FhCH L, AT, vy MERTIZRL,
Kinect OO A BT — % ZHH 7 — U =4 #55.
7272 L, Kinect [3#Ri¥ T 2RI 2D, BEE
SOBREEHZENHEL. TO, 1 AN @ﬁf
AT D, DATNPOLRIDEOMENEb T
Kinect TIXEATE DT —X LB TZ 5729, ﬁ#iT 5
LRI CAETHENTND L HITEMT D Z L THIETS.
9O LT, @i iEE SRR 7T e T L T DA
W®*§’ﬁﬁfé’k%ﬁ%? EROFEALIZIK 6 D &

2720, RO DHENENICONTHAT 2.

4.2 HEZLH

AL TIL, Kinect 5 Z & CHOLNAEHT —4 %
ERT 20, BITEOT—X &) 3 RuOFEHRI D
M5, by y NEEAET, RS LT —% 2
EBF =X LA CHMOBET — 2~ BT 52 LN TE
LEEZLND. ZOHETIE, AEEERTDHEE 3O
DB 3T T4 5.

BT DRIORDITH NIRRT — X2 OFl %K 7 I3
T. AR, AfiE 7L —TKRL, TNLSNOEDOESEH
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BRIC R 2 5 DIX BT — 2 N EA K LT IRIECHE S h
DO THD. EIPHAENMTS ZTEITT L—A0 5 7o
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K812, BHDOKRA v FOE#E % Ed R ERT.
BT —2, o,y 3ENZEN 015 1T, 2z mm A4 —
F—TCHfEN5720, BELEETLEICET, 27—
NeBHOEDIVENDD. £, HATOEERIL, AD
HERUTELIZRDIEERD ZLDOTX SFMANIEL 72
0T, EXOLONRREL, ELDOLOMNNEAZD
oo TnD. ZHT 57200 EK (1) 1ITRT. &
BRI OVERE % (2,y, 2), BB OEEE (o, y,2) LT 5.
F72, (cx,cy) IFHEMEDOHFOEREE T 5.

' = (x — cx) x (0.996 * z + 264.6)
y = (y —cy) * (0.750 x z + 192.4) (1)

zZ =z

WIS, BATH R EREET — 2 L[ U H IR 5720
IR 2+ 5.y B OB R (2) 245 .

EWATOWEREZ (o, 2, B ORE% (2", y", 2"), 1A
HRIELHEL 0 LT 5.
x” cos® 0 sind x’
y' | = 0o 1 0 Y (2)
2" —sinf 0 cosb 4

BB, FFET =2 DA T D ?% ThoTWAED
T AT OPERERICERT 5. K (1) 22 Lz b DA
Ae/d. DEOWUFIORBENRK 9 s, WELFERTH
B 91T RERAE ENRBRIZAZ B, #BNIEE S D
I35 B OB ORI D THBELWEEZLND.

X 10 I[CALERE DEEDRA > F O X & Ehs R-M%
FRLTWS.

4.3 FFEHE

EAT DR T — 212X, FEEREROS 2 HEHT 5.
JEB B A T T D 7 DIl — ) =AWt S, T —
U 572012, 1AM OBREE RO 5 0ER b
0, BEFEHEO L) IME# S b7 —2 % L 52 LR
TERWED, FAHEE RO 52 N TERhoTz. £
DIZHAMIETIE, BTIREBOMIER, 1 EAMS OHEE
WO 25Z LIXFETT 5.

Bt 7 — U =83 (3) 0 L 212 b, PIkT—4%,
NiZ7Lv—2%&%, fNIEN 7L—LHOBRT—ZD
E, M »REEENENRT
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B9 AEEMKROLERT—4

® 2 ERERE
CPU Intel(R) Core(TM) i7-2600K CPU @ 3.40GHz
RAM 8.00GB

0Ss Windows 7 Professional Service Pack 1 (64bit)
BAFEERBE Microsoft Visual Studio 2010 Ultimate
Kinect for Windows SDK beta 2
A Z Kinect for Xbox360

1«

1
am =5 (fae T/ PIMN) (3)
N=0

M 3125 20 EFTEILEE, ar D axg D 20 [HOFF
e L. o DRSNS, BT — % D 20 OO 3
fznZENNERDEND DT, 20 X 3 X 20=1200 fE D
R LB,

4.4 FRIFTE

T U727 — 2 - TRl 2 5k & LT, %
EE 2 W, BREE TR, WEKAR) &#fHL, +
R— 7 &< (Support Vector Machine) (2 & 0 7%
BB,

5. &

ZOETI, BHICL DWMAFBBNEORFIOT=DHIZ LTz,
2D ERIZONWTIRRD. 1281F, KI1LITRT LD
12, AT OJENTE LT 90 EDHRRET — & DI ffi
LT, Kinect 2656257 —% R L TEAGRRINT
XD L ERTEREL L. 2081%, FEF—XLHER
HAEDBRT — X IZESAE A 55 Z L2k - T, G
THIENTEDLNEHRT HTDDERE LT

5.1 ERIRE
FERIZCHWZBEZ R 2 1ITR7.
5.2 RLRAZEDHEICKZHEH
FP, THONEFEEZRND . FYREITT AT )
LRI 3m BN E Z A%, K11 DX DT > TV BEA
5 — 4 % Kinect THgs L7z, S EIOERICHEH LB A
FiE7L—aL— b ﬁ3mm,vwiyk?~5®%@
JEIE 320 X 240pixel THRE L7z, BET — ¥ ORI
AIZ 2 FESEBA L. 2L, 1Aét@9ﬂ
b2 EIGOBET -2 ETG LIz, BEaT T LK
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N
N

2000
N

2300
045 05 085 06 065 07 075 08

B8 AWOEET—4 O (x, z) M

HITE8E

A

#
L

Kinect1

K 11 90 EOHE

12 45, 90 EOSRE

£ 3 Al LI & OBEIC L Dkl R

Tt | BB | BE (%]

R 1 20 18 90.0
e 2 20 19 95.0
el 3 22 20 90.9
WS 4 20 13 65.0
W 5 18 15 83.3
HERE 6 14 13 92.9
s 7 17 15 88.2
s 8 12 6 50.0
s 9 9 7 77.8
B 10 13 10 76.9
165 136 82.4

DI, REDOENLH Z L OWBRE OREDE N ZEET
57 THD. 10 N\OYBRENGIBERT — 2 L LT,

BT — 2 MO LI FHE R, R — hT %
<10 SEIRREREIC L VBE AT, BRI R
3 3R,

10 NDOYEBRFH OB L0 @2 Uikl R, KX
824% L 7eolc. ZOWMAIREEIL, TLrEDYEI IO
FINREE I LDk [9] T2 A6 4 AOFET
70%7 5 2% DFHREE T+ Th D LIHMlisn TN D Z
LMD, T L EOFBMMERE 2 EIE S HA I LB R E A
WL TWbdeEEXLND. 7o, T—FEDDR bR
FORBENLL RV DOT, T4 BT LICEIDE
RORBEON LB/ TED.

5.3 ELLRAZEDOHEICKBHEI

WIZ, FEEL B FmMOBFIZET 2 ERICOWNTR
RL.AFXLDIT, AT ONERIR LT 45 EOAEDH&
KEfE L, BEFERICI Lokt L 90 EoBEIZ/R D
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=

10 EHLOHERET—5 HO (x, 2) EIE

® 4 AHHIRER

EiRIESES
12| 3| 4| WBEE[%]
EZ | WBEL | 0] 3]0]1 0.0
W WBrE 2] 0| 4]|0]0 100.0
B wEE3 | 00|04 0.0
H | WBE4 0| 1|03 75.0
43.8

L OICER LI L. Bt Tnizsy —2 2258 L
THAGERE R 4\ RT. BEET —X121E, 5.2 BiCIUE
L72H AT ORIz - Io 7 — 2 OBERE 1005 4 2 H
L, 7A M= IZERDITHENEZT =2 2 EHBm L= H D
ERHH L. gREEIT4 AT, 1 AHT-0 4507 —
ZElfF L.

BRBIDKEEIL 438 % L ir o7, T ORBIREE IR
K<, ELLF#E T ineEEzons.

5.4 R HAEOSHRICONTORETH

M IE L <ATOI TV D0 5728, 2 5D Kinect
V1 OOBREEK 12D K5I, MEEZE X CRIFC
g LIRRTFIEIC RV AR LT, Uiz L.

F— X EED DD 2 5O Kinect 2 L, 30, 45,
60, 75, 90 EOBLRFEZENEN 2 DT DORIFFIZHIE LT,
T L—AL— MMIK20fps & L, FHITES R0 o7z,

2 5 ® Kinect |2 &V RIRFIZHRE SR CEAO 2 &
DOHIE % G T 5 72912, relative root mean square dis-
tance(RRMSD)[10] 27 %. FHlid 2 2 SO#HuED Y
A2 & P:{p:},Q :{¢;},i=1,.,.N &T5.

RRMSD %K ZHiIC, P & Q DALEA2FHEST LM%
ERbb. WESTLIZOOXERX Q) ITRT. 22T,
ZHERTD P DIERED (i, Diys Diz), P DAL O LR D
(Pias Piys Piz)s U A NP OWIR (B, Dy, P2), VAR QD
DR (07, 0y.72) ET 5.

Piy = Die+Tz—Ds
Py, = Diyt+T—Dy (4)
Vi, = Diz+T—Dz

RRMSD %3k % 1= DR (5) 1077
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% 5 RRMSD
begi z Yy z RRMSD
90-75 | 42.1 | 35.2 | 37.5 0.073
90-45 | 41.6 | 41.2 | 53.1 0.081
75-75 | 39.6 | 30.4 | 31.1 0.057
75-60 | 36.7 | 33.8 | 31.3 0.059
75-45 | 37.7 | 28.3 | 32.5 0.062
75-30 | 37.5 | 27.4 | 31.6 0.062
45-45 | 39.3 | 27.3 | 29.6 0.057

1 N 2
JESY b — gl
MSD =
RRMS Diag (PUQ) (%)

Diag(PUQ) =

| ) = min(rso )+ (man{rs,) = minr)+

(max;(r;.) — min;(r;.))? (6)

rild, PUQ:{r;},j=1,..,2N T, 1y & ryj, 75 1L,
ry Dx,y,z DETHD.

BT — K&, JET LT 90 EOBFICR D LI
I U7 TH0E 25V, RRMSD %R 7-fE 4% 512
RY. FK 5 D 90-75 72 EDOMAPEIE, 90 B L 75 BECHEIRFIC

RE LT2T — X B BWT 5.

K5Dx,y, 21FRXB) OHTFLETE a2, y, 2 DENER
TRDTZHLDTHD. FT-, 75-75X°45-45 1%, [FICA &
DOHERTEDL 5V RRMSD IZIEWVWRNEEND DO E IR
LTW5.

#5 L0, 200AFENKEL251F LI RRMSD @
EAKRE Lo TND I EBNbE. ZTOHRTY, 90 KL
45 BERRFIZRE L, 90 BT bbb DORERMIC Kk E
WZ ERbmb. FIT, 0 ETRESNZEKRT —4 %
RTHDE, MOAETIHRE LIZL DI TELVMIE
DHEANRLT NI ERbhotz, TDW, FEET—HIC
90 FED A & DBFT —H BN TORWARMERH D Z &
Nbhhoiz.

6. BnHYIC

ARFFETIE, v—H— LA TE—VarF ¥ I F vl
BEZR¥EE CTH 5 Kinect & H W2 BRI K B ANGkAE %A
BEt Lz, Bat L= FETE, Ssdmbo-ol0gks —
S aMil T — ) BT 5. £, BET X EBTHH
NEI2 LA OFANIE, BT — & & BIHZLEE L CREE
T—2 LRI CFMOBEET =2 L35, 2 LT, itish
TR A I OV AR — bRy v BRI LG
T5.

AR RIIWBRE L 10 AL L, 1 AbTZY OF —ZHIS
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