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Data Fusion of Human Skeleton Joint Tracking Using Two Kinect Sensors and
Extended Set Membership Filter
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Abstract Kinect-like depth sensors are widely used in rehabilitation systems. However, using a single depth sensor is
less reliable due to limb blocking, data-loss or error. This paper uses two Kinect sensors and a data fusion algorithm
to solve these problems. Firstly, two Kinect sensors are used to capture the motion data of the healthy side arm of the
hemiplegic patient. Secondly, the data is processed with time alignment, then coordinates are transformed with Bursa
transform and data fusion is done using extended set membership filter (ESMF) successively. Then, the motion data
is mirrored by the middle plane, namely “mirror motion”. In the end, the mirrored motion data controls the wearable
robotic arm to drive the patient’s paralytic side arm so as to interactively and initiatively complete a variety of recovery
actions prompted by computer with 3D animation games. The effectiveness of the proposed approach is validated by both
experiments on Kinect sensors & VICON and a 7 DOF manipulator. Also, two Kinect sensors can solve those problems
effectively.
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Fig.1 The mirror movements rehabilitation system

i 8 K5 LT P S s A AR PR A, GG
THLS -GN EEE. ZRGEMNHANEG
Kinect, %8 BB A% B R AR 15 B AR KT R B,
LI N [E) 0 L 2 TR0 M L B 5 S5 S ) SR
RO T s sh Bl U & HIEZ T A48
FROC ROEL IR I sh Big, LB SR Kis
2 BCHR 5 AT 2 K URORE o 2l 8 R T s
gy, A EETEH St SN LR s & b = 25
RIS P RER B, B DL R0 T8 7 2 5
ODUBRE (004 B T 1) s P ) j O TR 52 3, S
BFE L. JF HA P AT T = 2 5l m i X A 15
EE VL R R S R GORE, BB 2SS
BAME, It Bk Be S re. xRS R R
Kinect KNS B LA R et Bitkis
B YRS L B AT B ENZREE.

T AR N T 2 sh s R AR T R U2 %8R
IBERE RGO By, — ot ARIszh%k
EEPIS SUE W 1) e s WG I 5 W /1 5 WL K B 8
SISl O, i VICON, ks B Bt B E R 2%,
111y HL 75 278 R B R R bR A A AR N
JUAFAE RARZE, 0 H AR A, Wi 5 32 v
BETIE, P82 . HUMGUECR ., "I M,

BEAC B o k. DL b A RIs sh Bl R 8 07 XA
FE T A2 i S A X NS B L 2 0 B 1S 00 T AR
TSR VRTINS, AEH TR ESE R
4. AT BT LS I8 R BB B A IS Bl B s
(73 0TS FH R 058 TE R R 2SR 11 AN R R I A
M AN FE R S R SR A4S B () AR SR, T HLBR
RetE i 51 o) H . 20 S AN FF BT 5 B 1.
BB RE R IEFE T Kinect R JE KGR AL K
R R R DG S

Kinect & —sURAEH L T AR ANLAS T
BT A S 5 Sk, TR RGB BRI B A5
B B Kinect %A E1ii LK, £14 Kinect 1N H
TERIZMATS, Wik St =4ism g, FHR0)
DL BT 5. Haia Kinect IR =
e AEAE SR BRI G VR BEEH AL BN FH O K. X
B BE R RI9 FE ER HUORE 45 #4906 F1 TOF (Time of
fly) (XL, Kinect %% [HHS B 40 A0 S 600 Sk
B A B 2 P AEEHR B AN 208, =4k
UL R R REE T B
N2 AT AR IS By A 4l gl R ) 1)
e

O LW 0K Kinect N B R By .
SCHR [1] #% Kinect il 7 — 3K T HREZ 3
REFUIINSE B B )RR R GE. % RS LL Kinect A
FE IR AN K A P T AAas 2 i, AR R0 8 7 X
WOMNF P e € B, e A R 4000 S 30 AR 1) S I
Tot, A AR A MR R S R R R R A, PR
T35 PR, Dok B AR B SOk [2—-3)
73 0 B TE T BN AT 01 0 AR R R A AR R
T Kinect HIHER R4, STk [15] X EE T Kinect A1
Phase Space Inc. EI1ERIIE AL, 4387 T Kinect
TBER ARG A T A RS B, R A 45 oG
TS B R Ly 225, STk [16) Wk R T RS
SR EJR R R RGE AR R A Kinect A& B4
KA ARIZENEA . S5k, SCHR [17—19] &553 0
Wit T LL Kinect SRANAKIE 2 Hcds 15 0 ¥ 0 4m A
N . BRI AT RS Kinect RAENAAKTT
RO, A 2% 8 RS2 B Y Th 2 R AN
RS . Kinect i 5 2 K5 W@, 1 H,
R E AT VEAH 3T Kinect MR B4 B3R
13 B NAR OGN R B (PORS B2 In) /L. n SCik [19] AXAY
IIHT T NS AEAS [RIAT BT (0 i H% 8 B OGS R (PR B
3. ik [20) FIH M & Kinect AR /R 2 38 57
VRIBER R — P OGTY RUJF Y H 21 e 5 e g A, {3
CHIEEAT 0T Kinect 38 55 A AR SEY 25 1) e 7=
FEPE, BRI -ROR & A0 BN AR G f 2008 ik
Z HWRARHE. Ji4h, SCHR [20] I EZEH Y RN
B AN AL B |« 25 R A ) )



1888 H ]|

¥ {1

42%:

gi b, BT RAS Kinect KA 4L
o Ty N, ATV S SR TR IO | A R AL
T 1 H R 2 A ) L TTOAE SE R, 4 il
B SRR A O TE S By E AT
Po FFARZEAS N Kinect Hili i Al 2%, teanAk
LR IR T IR AL

A SCHR AP & Kinect ¥ 5 5% A% ok
RN TP BH R RS N T E R DL
Al k4% e H B B2 R IR AL RS R Y
Kinect KA AR G 8m AT LG, DUOE B RR
AN HA A R R R, 3 e B AR AN
CIE 3

WE AR 5IE il TR S LA G
TAR; 1A E T BB R s R R G 4Lk
JIERE S B AR AR 2 2R Gt LA B it i A2 R B s
S AR 2 WA G Kinect HCH AN a]0E
ARRR A Kinect BERNARIRAT 80 KR 2= R
DR Kl & 50%; 25 3 1 dl T LAURIE SR, 6
FEARBRASHRIGAIE « Bl 5 BRI IE RS B 4
FREARMEL.

1 SRIETEHRERR

WAy TR BRI B B R S8 th R 1] 7
BB - NARZ)VER 42 ¥ 2 F1— & 5l oF S L2 k.
Pt I FE A A AR R A8 IR AT T, A8 R I AT 7 R R
FH (AT — & JCE — & Kinect ¥
J5 B G A% S 25 DUR A FR A BN T s s ol . &
FEAT T Kinect 4 3 Kinect#1, fd BT — M E[
ZEM R Kinect#2. Kl 2 Bon TEG s EE R4
(1) Kinect &85 A B 7 5 B A SR BR 2.

#K| X,

/;EE—>

Kinect VA
|

2 BHRIZHEE RSN Kinect i BN B L& AbR R
Fig.2 Coordinate system and the layout of Kinect

sensors of the mirror movements rehabilitation system
L1 F%iRE
(e 8 BT (A BE AT 5

ANV E . AN G Kinect RAEAT £
PGSR EIR- €23 (BRI N1 D R Nl TP B SN € 3
Al S AT B AR A O T e B Bl O DA A
FA A HAEAS T A A A R mE LI P I AR BEMR,
ABEBEAR i 138 3l K 1 ) 2 s U oy 5l A8
HEMTE g, ZHA L E b E soENL R
arh = dEZh SR ) A PR R B AE. Wik, SR LU
AN T8 A w2 SR UM (04 1 T 1 b ol A
MTEEs), fm s B JF AR =
2 s e A5 S S 1 U R A B 1 B LR AR,
P S HRBRNE, IR AR R R R

Bl 3 o T8 BIs s R R ik ike.
78, T Kinect MU Hig4 UMM i 8, AEXT
FPRFAEIEAT 73 Ml e BE AN AR SR Y sIB S
U, 3B Kinect KA M NARIRT m Bodfa 2647 I 1)
XHHE L S TR HE R AL fi 5 5 R P 5 15 ) A
FREAN T8 42 2h B 28 3ok 3 Sl B A5 4 1l B 00 T 11
WU iz 5. TR AE L AR, ASCRH] T 384
TR Bt IS 1AL E L 22 [0 v il 5 S35, R AE 26 2
TR,

| =F Kinect#1 | |

Bl Kinect#2 |

| mrssismin | [ seanssm |

| axuee: | [ Adoe s
[ |

R
| %ﬁ%ﬁ |
| |
| |

v
Hna e
v
BahEG
¥
| U/ Avatar $2 1] |

3 BHRIEERE RS

Fig.3 Process flow of the mirror movements
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Fig.16 Data fusion of two Kinect sensors using ESMF
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