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ABSTRACT

The system architecture of this thesis utilized concept modify from Microsoft
Kinect sensor. We utilized depth information generated by Light Coding Technology in
the Kinect to capture spatial coordinates of fingertip in real world space. Then, we
assess the feasibility of using Kinect sensor on finger motion capture in real world.
OpenNI is used to retrieve the needed information. In fingertip detection, we used
k-curvature algorithm to find out the fingertip location. Validation of the Kinect space
coordinates for Z-axis depth information, X-axis and Y-axis length distance were also
done. In addition, the analysis of stability on fingertip detection algorithm was also
presented. The mean absolute percentage error (MAPE) and mean squared error (MSE)
are evaluation tools. This help to find out the maximum bending angle of sample finger.

In the verification experiment on the real space coordinates of the Kinect, we
defined the depth measurement distance is from 50 cm to 130 cm. We found that the
error value is proportional to the depth distance, but the average error rates are less than
1%. In the validation of horizontal and vertical distance, the error rate can be controlled
within the acceptable rage (less than 5%) on the certain depth distance (80-110cm). In
the stability analysis of fingertip detection algorithm, the MAPE value in tri-axial
detection of each fingertip is mostly below 10. In general, average coordinates distance
error is proportional to the depth distance within the measurement distance. Finger
maximum bending angle that can be detected is about 30-45 degree, which is limited by
the optical limitation.

According to the result in this experiment, it is feasible to use the Kinect as finger

capture system. Although limited by the hardware, the subjects’ position of hand and the
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rage of activities must be strictly limited. Nevertheless, for the patient with certain
degree of recovery, using the Kinect within appropriate training mode can enable them
to self-intensive training to live with interesting. Patient do not go to hospital can also
improve hand function. In addition, clinical physician can currently assess the patients’
condition by this system, and the clinical physician can also modify the training

program as needed.

Key words: Kinect sensor, Open Natural Interaction (OpenNI), Open Source Computer
Vision (OpenCV), Light Coding, Fingertip detection, k-Curvature, Mean

absolute percentage error (MAPE), Mean squared error (MSE)
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BT R A R A DY - U R AGIRE L T
A2 iR LA - v 8 3D #3) (40 B Figure 2.1.7 #777)[5] °
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Figure 2.1.7 Pin Point Impression 7+ & B|[5]

Kinect ME BEF & AT BHRIFIH R 7 0 LA OB & H
(4 B Figure 2.1.8 #£77) » Je it i L34 BE &AS 5 4 4 ¢ 764% < 2 F Kinect
MR EE € ¥ 3D FAR GREFRFE 53T h 0 RFR AT BN b pFo i
- AT IR L R I AR R N R U PF R oKinect I B B 4 B W k-4
MEF IRE? R ko ke I i HAFSEIUBLY EB A4 W DR o fig-
BB o F BREERIIRTEIDIFRP RS AE ) s B B -
E S ok K {8 e B IE B (3o B Figure 2.1.9 #7177 ) o fié m c&IE niz e

WGiE s Y s > e Kinect 8 BB ot 5 £[5] -

-+ B
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Figure 2.1.8 /# & & 3 30 A R & BI[5]

Figure 2.1.9 FR ¥ 4% § 2 Gi {$ 7 & B[5]
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Bty EHBERen— > BEFEBEOIPN NG FBRE D ke F)
- BAhen 3D RA R TR B iiihA 4 E 4% PrimeSense it Rt & AT A Ak
BT e B enE BEAGEALE 4 T 0 S5 A B E B A D ehsm j 0 @ ehE
- B 2 i A BIED - B AR FERB AP EE Y L s (Machine Learning
System)? o AiB (B 4 AL E 4 kR B B R iR £UB DRI T i (4
B Figure 2.1.10 777 ) o 4 4e > — i ok § 90%:rfs & B 04 £ > 30% s & 2
BT agn o T ORE BTG F R I’iﬁs?] T R PRIE AR Fd BT e 5

%o 4 & Bots e 28 % S(4e B Figure 2.1.11 #757) [5] ©
gu

Figure 2.1.10 * #83% =52 ¢ FE8 T 32 )

(B2~ p : Kinect Body Tracking Reaps Renown by Rob Knies)
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Wylrivers. com 3B

Figure 2.1.12 PrimeSense # ik 4 §8 # 2 [

(B % % k: PrimeSense)
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Figure 2.1.13 jiciic SDK #% &4 §2 % 28 [§)

(BZ~p : Hedk Kinect B 3% 15 | %)
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2.2 Open Natural Interaction (OpenNI)

2.2.1 OpenNI 7 #

P
i

OpenNI ¥ mifwaf i TR p RIFir > v Ko 278 F L8y
L A S ;T*@{"L?iﬁ EHFirF L2 3 E2ABERLE nff (72 54 o
OpenNI + £ R 8 % & 7 4B p A4E T8 77 & & API(Application Program
Interface) > - B % %5 (4L & & C/C++)~ BT ¢ Framework ; %’g& B
- BHRENGR > BRSEFFERTRY C BRAAMERE > M E LT

AL~ 2 4ren? 4 gk (Middleware ) BF > 7 12§ 5 2 i [6][7] °

OpenNI 778 $ Bl (40 Bl Figure 2.2.1 #177)A ~ 1+ & 5 = & » &t B L * 42
7* (Application) » ~ FEA P L ARNEFEHD L RER OIS AT -
Pl A iR > B A OpenNI L #2048 > ¢ 7 7 1 3D Sensor ~ RGB Camera ~
IR Camera ~ Audio Device &z #f o 7 i p an k3 > € * OpenNI 4 » 3 &
;f)’j-*u{’* Kinect R B E > @ 4ok it 7 HRDSFS AR s 0 BB fginaky
ei%s 25 ¥ ¢ 7 3% OpenNI % 5 B-co @ P g iy %%L{OpenNI HREA 5 T %
TfFeR W enEL o4 fp BN RNEEG T 4o b ¢ 4 ck( Middleware e BF
FoUr R B s B § BE2 88 2 o OpenNI P w0 A Middleware 3% 4 o
ET TR AEAR

1. 2¥ 4245 (Full Body Analysis) : d g B EE-F T4 > &2 4 L8 cjp B

T Gk & TR EAR T ER
2. £384 45 (Hand Point Analysis) : i B ehiz§ o

3. F 41 p] (Gesture Detection ) : F4 3 L T & F e E H s H|doff £ o
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4. 3F ~ 47 (Scene Analyzer) : A 473 R P} AT > blde @ A g F foF

B Faiihih s RGP 3 R

P % PrimeSense + ® 4% %7 - £ NITE § Fdi & ¢ Middleware ~ 4% # 1
G Pl A ek ARG R o 4 F LR L B - B 49 % %0 OpenNI £h

Middleware k i¢ * [6][7] -

~ Application

Middleware

Components

(e.g. Hand — OpenNI
gesture — Interfaces
tracking)

Hardware
Device
(sensor)

Figure 2.2.1 OpenNI % 1 FI[7]
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Ji

2.2.2 OpenNI z_ & 2k(Node)

% OpenNI #2 > % & 7 #73} e [ Production Node | & % £ p 3Renfl A H = » &

P FL BB IR A ORI ® 0 2 2 OpenNI #74% & 07 5t 5 iz % Production node 4 %

- ii?f:

- "R REEAM (SensorRelated) Production Nodes

>

>

%% (Device): R & FHERE & gL * R PUEE K H 93K o
* R A4 % (Depth Generator ) : & # /& ¥ 3 B (Depth Map) =&
gé:,o

2 A 4 B (Image Generator ): & # %2 ¢ 2 4Bl ( Colored Image Maps )
8 B o

b mBi A 4 B (IR Generator) @ & 24 ‘= ¢t 2@ 1% B (IR Image
Maps ) gk o

¥4 A2 24 B (Audio Generator ) : # 2 %3 8 /& (Audio Stream ) &

‘%L o

= ~ ¢ A gekldp 8 (Middleware Related ) Production Nodes

>

£ 4uid o 4 B( Gestures Alert Generator ): § 5T 42 T+ $pF >
eE v i 4 42 5% eh Callback (4™ ] Figure 2.2.2 #1777 ) ©

35 &~ ¥7 & (Scene Analyzer): ~ 4755 » ¢ =L v F &2 F F
BN T A BRI AR o A & Dl 0§ SR e B R A T
21 B (Labeled Depth map ) °

£ 3= % & 4 ® (Hand Point Generator ) : & % £ IR 1 Jp| 27 if B %
MR L~ N HRE P A4 - B 0L (4o B Figure

223 #5570
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> —‘ﬁ;% 4 ® (User Generator) : # 4 — i 3D 3% *
e W E M (40T B Figure 2.2.4 #751) ©
BN V& s
> 4%W%E (Recorder) : * kzesrFal* o
> o ® (Player) @ i Beiedr™ kenffl > T sk o

> %f3rs ® (Codec): * ifié{ﬁ . ﬁi@%’ﬁufﬁ-?‘a‘—' °

Figure 2.2.2 L+ # i¥[7]

—
Figure 2.2.3 & * —‘ﬁ e IR ¥ [7]
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Figure 2.2.4 = B 2 B 3-F ¢ LT [7]

+ & iz ¥ Production Node #& » } -]*;rs L gd Aot pfivane AR
s B AP B e A a%&{g d OpenNI Ap 7 e E K 5> 0 p o R34 & %E{Kinect
BMEREDSGARS ERETFRE -BHRAELDHN o P 45N

AlEd 7 e Middleware & p $% ik 5 P m e R RE% B 3 NITE[6] -

kb o g F4p M e Production Node ¥ & f & & 7> B 42 52K & OF
FLo S g 287 0 E B @ % 12488 Production Node » @ # 4 it 48 4p M e
Production Node d ** £ F & B BT 4L K g e #100is P enf %t g R %R
% - K~ % E & 3 BB E AP B 50 Production Node iR ™ o ¥ 11 i * [6] °
@ fF 7} & ehig et Production Node 16 > %&L? PRSI i) SRRl §

3} £ " Production Chain j» & 12 gt 38 7 TR ARIZ IR AR o W 4ol B 4 R % K

ok

e o ﬁé’\g Hig T % A2 &, (User Generator) 4 B~ { i/ TER A
4 B | (Depth Generator ); @ &k eh— B & 8L5 7] ’i&{fﬁﬁ " Production Chain |

[6] -
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2.2.3 OpenNI z_ it #4 (Capability)

OpenNI 1 T Capability ;| #5418 % k3355 @ A Scdford #E R s e gt
Pk i 4 R R R b REE TR B0 e en? A RHr KR 0 T
e A & P EIREG 4 o @ OpenNI RIE_J § &4 - &7 12 i@ * e Capability >
RAESMEF LT @ EHREEp e F Rn? AtS A P S 1 OpenNI 47
% #% ¢ Capability B]4e™
> T4 & (Alternative View ) : & & #f 4] ¢ Map Generator (i & ~ B >
o # ) T ] iR & (4 ) Figure 225 97 ) 0 34 R B
wBE -t T BF AT UERE FARAORERTAE L SN T ITH
[l
> #7 (Cropping) : % & %7 73] 9 Map Generator (i & ~ i~ iz *h &) ﬁﬁj
MEET A MR R S Glde D VGA ¥ 0 & QVGA - 1B
STET T
» ZHokH (FrameSync) : A BRBEAARBERH I T LR
EIRRERDFA
> 4 (Mirror) : & 24 en2 %84 =+ F -
> E % 4 (Pose Detection) : & * 4 &4 & (User Generator) ¥ 14 i ip]
M R R

> ¥ % (Skeleton) : FEig * Jﬁé_é‘_ ® (User Generator) ¥ 11 & 4 & *

ok

FaFH e g HEMEDEE ~F e é‘iémﬁ‘#fiﬁfrf%?'gﬁﬁﬁ?
;;4 °

> E-E (User Position ) : ®i%& & 2 % (Depth Generator ) ¥ 17 &-%f

AR R B ER R e
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> sk ik (Error State) @ EEEET M w AR A L s AL o

> Lock Aware: 3% & 8.7 12 & context [l *h 4R 4 2 -

&~ b izt Capability 3% 7 FRA_R £- 34 L0 Production Node 4 ¢ 3 <7

)4 Skeleton 7&‘" 3 User iz#g <7 Node 1 € 7 [6] °

Figure 2.2.5 /7 & 2 (j G AL & 4k 2 127 L B
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2.2.4 OpenNl 2 & & s %

OpenNI ¥ 2 #-Kinect ¥ g & B * «n3DEA B k2 % 12 ¢ (RGB)# f%’»ﬁ%} e

TR T A LA R ER FRATNYER o TR F R R R

i g Kinect ME REW 3D ZRFAR ST AARTEELEA R

7+ —

e A Rk A P o OpenNI 7 & el i 7 A 5 11T & 4 [6]

F A& % Fu(Projective Coordinate System)
AR ATR AR A FIELS /T}‘*\?,p?}:_ RZzREREARG > #- B
S RZEFR D g Ad o - BAp TS w2 B P A - BRI

' 2

L

b A3 - BT G (2D)eB e f OpenNI s3h B 4R 4 5dm > fo— 4

=1

ST R Rk AP ik 2 b £ £(0,00h 8 vt E 2 X
o T AT nY fhed WP AL A H XY A aE =8 (pixel) -
Kinect # g R B4 4 s Z pha e =¥ 2@ (mm) > #71 H =8 7% - R

EAGEERERBAR LAY PR RRE R LT kL .

B R A% % %(Real World Coordinate System)

EPERER R L F RS > F £33 OpenNI A2 5E R 2 4 % (Depth
Generator)#7#%& i = ConvertProjectiveToRealWorld() iz B & 3% » 335 87 4 & %
AR S LR R 2 R A k4R o OpenNI enE F A 4% % 5L
F_7 Kinect 8RB % 5 & 2:(0,0)50 A 4 & %t Kinect #R & B et oo > 5 1
NZgho w3 SR DX phs L REDE Y fhoo AT RSB RR kST
Fr g 2 F B4Rk 38 (Ac T B Figure 2.2.6 #7571 ) e @ Al F £ a2

B A5 X b Vb s Zphenll =38 8 & (mm) -
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2.3 NITE/OpenCV ( Open Source Computer Vision)

231NITEZ i &

NITE #ii— B1 245> TF URB* AR+ .%zm Mt i — £
IR AR 0 4R enE INE R R - B R A R - B L gk B F
# o NITE 2 #2224 & OpenNI 2+ &7 > PrimeSense i& %2 & & OpenNI i
ERE- B RFOREI S T ol gl & B TNITE F bz 0 &7

kiR R R T IS R 6 PR i R B

=
i
4
[
oS
%j
=

L EREE - £ gL T 8]

NITE % OpenNI engf 42 e 7 7 00" B ip g5 (d ™ 1 ) [8]:

» OpenNI -2 % 3: NITE f OpenNI enfirfe B i@k 07 ¢ 32241 2 4 F
TUE L iE A 4 E o gt oh o NITE B 4 0 (5§ A 47 e fo i »
HAZLFD f FEHG S o

» OpenNI & & il # F Bl o

> ARG RH: VRS - @R gk ¥ PR 2 8 S ¥ ANITE §2
s o

oAl RS F R ER - @ BT REFRERL G R RDER L
Tl e T B Al ¢ UBY Hrf e VLY T AR S FIRRLE Ak 0T

I 0 BT L RE T R TR R
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Figure 2.3.1 NITE = 3. ]
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2.3.2 OpenCV

OpenCV 2 % % Open Source Computer Vision Library’ €_d Intel = & #7425
7 » % Open Source B]7% & 2 13 ;% E (Image Process Libary)¥ 12 %] 2B & ~ 4R
W AELEE N3 Blwe o TR M CHF T AN R B o - B
A RHEE E L T LT RS e B E B AR F ¢ (BMP -

JPG ~ TIF ~ PNG) > # i Webcam 7§ (§fa? o iz ;8 B & d C oo CHAE;V 3

A8 @ = > ¥ U Linus ~ Windows e Mac sni® £ L 5 F KF %% o phghe 4L i

& F 4% OpenCV 3% &k s £ 4p4n & ffplen1 £[9] -

OpenCV ihje & 437 § B2 AL T H 2 FE 2Tl g a2 F)t & -
WA NPT RS VAo struct EAR * o dofe release TR BT B R
A A iE > €@ % 3| linked list 578 > #ic o # 5 ¥ 1t H Matlab > 2 3¢ & v Matlab

Pr3 s LFUEE CHETAMMSRNRE » ] 5 At i o
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31  FH A RIFEHA

>}.
g
B

\5
4:
st
;::
i
[\

RSV L T B ER

a
=
9)
o
—
2
&=

u.

FE
Bepid B g 0 4P 3 2l fE e Kinect 8 B FB F I 47F B RF R > 2
T UL ET KRB fUade 2 % o F|P > 3 BT UL LA BIA 0 F - WA

% F1* OpenNI #-Kinect $ & & BAZ T LA 4 B4

)
%
fise
w \;Z
i
-
Ex
R
It
=
o3
ESS
B

NEJTE BB T - BIA R A BT A TR R 2 TR e R T

%’Tj&-ﬁ/{ AL R U

R R - %m,” AP > ¥ U B Figure 3.1.1 k% 7 3" Kinect ¥ &
® 2 OpenNI @ 3 > & Bi& » 4LEf A FJs T T/ o FreniE v X (NCWUSCI')°EE_'§
B % S 3 IR R S A L v &% — L (4@ Figure 3.1.1 1 %4 T H.)
B R HEHULE ZH R 0 i (A BT BE AP 5 5D IA (4R
Figure 3.1.1 : % ¢ % H)P|E A% Kinect B & BeF R \EF B 718 Pl eiF R B

ST RS IS O R P VR L A ER R T

R
£
=t
I
e
(A
\ a
*‘“‘)&
£
¥l
%"*t

SR Edpdpw WRINE R R T T

B - LER M BART S P AE S S LR PR
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Figure 3.1.1 & %
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A EE TR FH S AR PR NT - 39 (oW Figure 3.1 &4 TH) &
TR ERARAENRS AL T R AR LA RETR S &
OpenNI shE &4 &+ &7 B3] #75 B & hix ¥ (Position) ~ * # (Orientation)
BT AT R b5 & DAY & ¥ F M (Position)ed P # OpenNIAZ »

BE g &7 24 B & (XnSkeletonJoint) » 4 ] 5 :

XN_SKEL HEAD,
XN_SKEL NECK,
XN_SKEL TORSO,
XN_SKEL WAIST
XN_SKEL LEFT COLLAR, XN SKEL RIGHT COLLAR,
XN_SKEL LEFT SHOULDER, XN SKEL RIGHT SHOULDER,
XN_SKEL LEFT ELBOW, XN SKEL RIGHT ELBOW,
XN _SKEL LEFT WRIST, XN SKEL RIGHT WRIST,
XN_SKEL LEFT HAND, XN SKEL RIGHT HAND,
XN _SKEL LEFT FINGERTIP, XN SKEL RIGHT FINGERTIP
XN_SKEL LEFT HIP, XN SKEL RIGHT HIP,
XN _SKEL LEFT KNEE, XN SKEL RIGHT KNEE,
XN_SKEL LEFT ANKLE, XN _SKEL RIGHT ANKLE,

XN SKEL LEFT FOOT, XN SKEL RIGHT FOOT

OpenNI 8278 % & 7 e/ 5 enff &gk > . F 2 F A 4536 NITE i ¢ 4 4

M (Middleware) % & 7 % 28 pF > H £ F P2 0 OB S TR - - B L
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F 5 B % NITE $30 - i im0 el i BE 730 B 2 Pt AR en i I ko A v 1
% #§ xn::SkeletonCapability #2 7= & ;' EnumerateActiveJoints() & B~ {7 #75 ¥ 1u

R AT 0 B T U R ST MEIRT s v F - 5% B (4B Figure

3.2.1 #17)[6] -

head
neck ght  right  right

shoulder elbow :’irmd

“LEFT” ——1— 1% “RIGHT”

lorso cenfer @,

F ot

&

Figure 3.2.1 NITE & #¥ ¢4 $8 } & B][6]

& 47 % OpenNI #2 NITE #f i #% i cnBf & T 18 > &7 l‘i‘*ulﬁ 41* OpenNI %
- BARMEE CAREIESTET RS HETM A B A FlehE
# /i ol 4p B (Middleware Related) & 2-(Production Node)#Z i * & & 4 % (User

Generator) ~ » ,T*u{ xn::UserGenerator ; & * A 84 2 & 2en¥ 4L &k /R 2 Kinect 1Y
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BREEIDFELPE

A 4 GuFR B % in(Depth Image Stream) » #7120 & 7 » 3 *

- 1 B & % 4p B (Sensor Related) & 242 ej% & & 4 % (Depth Generator) » & * ¥ &

4 ®(User Generator)eid * = ;2 & F & i5:iF callback function es#4] > kiaF ¢

(event) FEJIE o

% OpenNI # % > & % — i & 2h(production node)*+c + callback

function PF » A A} 3L JFiEE L AH R~ LfL S RegisterXXXCallbacks() =

2 B i ib > K 2% & gheh callback function 5 dr% & * I

&% % &2 Beha g

(xn::UserGenerator) ¥ » 3£ & * 3] RegisterUserCallbacks():e B S0 5% ; & & & @ * 7

ZH i pp] € * 3| RegisterToPoseCallbacks():& B & 3% [6][7] °

LY

T TAKL & -

R - 3

= A R 2 R i 424 8] Figure 3.2.2 #75% o

User Generator

New User

2R ’kﬁ,{pgﬁk Fm'\’.’ A'ﬁﬁmfﬁg“x".ﬂ‘aﬁ

PEIAZ TR RAZEY AT ER -2

Pose Detection Pose
S = Detected
tart Pose -

Detection

Stop Pose
Detection

Figure 3.2.2 & = * %84 %
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Success

Tracking
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JLi

\4

A BB 2E ey A2 B ¢ (4o B Figure 3.2.2 #71) 0 I 2 e B A R &
H_ig '?5 # # ®(User Generator ; xn::UserGenerator) » #i& ™ #.42 7 [ New User |

fe TLost User ) 4 | % 1 A ¥ i ¢ callback function ; @ i&m B dim A % € &

ThG N GRIEI AT K TR KB T R F - PR PR

PR e 2 B P 2% % i ) (Pose Detection) iE B it 4 (capability
xn::PoseDetectionCapability )o % User Generator if ip| 3|5 R7eraig * H oA e "New
User iz callback function P%>" New User 5742 5% ¢ 4 »f #! Pose Detection &7 Start
Pose Detection |~ 3 Pose Detection ¥ 45 {8 jp] NITE #73f £ #_& 4+ e * % %7 Psi |

(4[] Figure 3.2.3 #77 ) fr¥ v [ Start Pose Detection | # » Pose Detection £_%

FLES AT LR

% Pose Detection ]3| * FHd TPsi iz Ber X458 v yug 2 wvd g
2 ¢ [ Pose Detected | i&- B callback function ~ 28 {5 (7 — PR e (75 s BB
#2.¢ > Pose Detected | ¢ 4 %@ 2% » - B &3 =2e'p ¢ 97 Stop Pose Detection
FONE-SRI - S T —g d T~ ¥ — B R E_ & el Skeleton i capability
(xn::SkeletonCapability ) =1 " Request Calibration ; & ;% » & F Skeleton B 4538 {7

AREE B D A o

% xn::SkeletonCapability 7 " Request Calibration ; #t## ¢ {5 » Skeleton ,T*ug 24
e dE T R 2 A4 o F B s 7 F E R hpF iz o Skeleton € 2 eE v
[ Calibration Start | i& % callback function B 45:8 7 A J8 ¥ 2Eeifer 7 5 % A #F

RS & B E ¢4 e T Calibration End | i B callback function -

% i8> % [ Calibration End | #tef e erpFiz » £ N & F 28 chfe 0~ FEBAIF R
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IF2RT T REAF EFEE- T " ¥ R {g FTene 4o % =8 5 a8 o

T* &~ T - BRFE - e xni:SkeletonCapability 7 StartTracking()d ;% - 3§

AR EBRRE At EFA S A 4ok % poanis > B8 £ & Pose Detection
EATH R 4 £ 57

LR R SR BT - S % R

BFERD ST B TR S

997 t&

Z_ts ¥ & »¥rd xn::SkeletonCapability

(D

|

Figure 3.2.3 & it % % Psi [6]
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Table 3.2.1 Callback 4 +7 % [6]

& Bt (Production Node)

, i
& 4 (Capability) Callback Function  |4] & (Type)

New User :
User G void (XN_CALLBACK_TYPE* UserHandler)( UserGenerator& generator,
ser (senerator XnUserID user, void* pCookie )
Lost User
. bili d void (XN_CALLBACK_TYPE* PoseDetection)( PoseDetectionCapability&
Pose Detection Capa 1 lty Pose Detecte pose, const XnChar* strPose, XnUserID user, void* pCookie )
. void (XN_CALLBACK TYPE* CalibrationStart)( SkeletonCapability&
Calibration Start

skeleton, XnUserID user, void* pCookie )

Skeleton Capability
. void (XN_CALLBACK_TYPE* CalibrationEnd)( SkeletonCapability&
Calibration End skeleton, XnUserID user, XnBool bSuccess, void* pCookie )
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33 Eipdpu BRI

A% Kinect MR BB Bz B FIRAP B > KR ZEFY Hhipe

iy o HURARL R T 004 S 00T B B (4eT B Figure 3.3.1 4T) -

D

Figure 3.3.1 & dpdp & 1 R1IM A2 F]
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€ Kinect g B F ¢ FIFRAPGET N > X FBDEIER T

Ahm g e S i APT Ak - BEFFA_Kinect R B BT
FHBOER LR 58 Bt 05 ¢ BT — AL ends & BT HS 9 T g i o
@ F B B (4o B Figure 3.3.2 #7171 )i 4 & i & ¥ 4] * Light Coding sk fis
KB ERBGTFTNIALAREE ZRAZR 2T NDELE KR P 0ER

Bdg 5 BHF oA ET DiE 16 bits > 7 65536 B AFF > 2R E

Figure 3.3.2 Kinect 8 g J& Bix R ¥4 1

.~\\

B REFTFRTMERIBAEIR o LT 43T 2 7

T B RAR D Z ph AR 5 AR 4 H

M

EEE O (BIT)I0 24 anied > F P U P AR SIS (xy) & Fle 0 120
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FEERILIEFFPN TR FARTRAES NI NERAREDER -

B. & N5 Rrend B
F BB s T MR RURSE SRR T A A B0k 0 A R0k
HER G EAE - A AR GTI O K] 5 6407480 ~ 8-bit e HE o

F)# bR E ISR F 05 B (40T B Figure 3.3.5 #151) ©
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Figure 3.3.4 £ 3R> % /F R ¥ %5 P~ §

Figure 3.3.5 + $R #; Ex ]
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PHdE R R, & HHBE L

fgt o4 * OpenCV # e convexhull k45 3} £ NG Ereny & HH L & -
Fdpdp w AR B iR

BB e HEFAL 0 ke chip RN s R ¢ 5 F L Ik
Broe P E FH G RN o0E I8 By ok BechE g dp 2 cndE i RE > T 0
% k-Curvature ;& 5 /2 %35 4 px il o A B e R ff 0 23
Fdm e g2 Beandod o P ddg R 13] 0 FEd Wi E % F1l-
BEINEE D - BAx &y B, Y1) (X2, ¥2) (X3, Y3) . (Xnct 5 Ynl)
(Ko, Y)*THE = » Bk A ¢ - BE A BEAE A BLEESE K B 2R 5 B fr C(4r™ B
Figure 3.3.6 #i7%) 1% &2 B~ @3 B £ABAC >3- ¥ i35 » £ hp ff

FUER A e REFAt L BRALEL O E D N33

AB-AC

st 33.1
(B aer (331

TN BE) R O Rl B R RT R A DG4 i

(4™ B Figure 3.3.7 #177)
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Figure 33.6 #4pdpx % &7 &

Figure 3.3.7 +4pdp < 7 & W
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ST ¥ RBERITIEREF

41 Kinect = Az FAEAGZHER

EAELRAAHEERPMARET MR PREES cp A4l &2 -

-

B 45 € #-Kinect $ g & & #7142 % #mﬁ' FERAZRTREAE AAERCZ ) 2+
FEAE(X gh) ~ F TEER(Y ) RFET R F IR 5 2 0L § A S i R
*%nﬁipfﬁmﬁzﬁiﬁxwiﬁd‘}i F’&}i%ﬂx“'gi@ '{#ij%&d’ i—&’ttl‘g

BB ERRE  EFERREFETHRETH AZ) & ALEP o

Kinect ¥ BB A2 4 L F 5 B A% % 3epF> 2 8 § £ 4% Light Coding st
WAEIZE ot P ERIPIBAERE S AL RS R £ kT

T Zghen Z B B Z RS & BB BAR & ot @ LA b Kinect

g\x'i

B2
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Table 4.1.1 Leica DISTOTM D3a BT £ # $ojtr 5 #c[12]

EEI S S D3a BT
B AR + 1.0 mm
#| 2§ 0.05 m ~ 100 m
EAGR RS R LR +45°
B/ MY 7
L8 (578) 149 ¢

Figure 4.1.3 % & %7 § % |4 B
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Figure 4.1.4 % & %% 7 2% 4R 8]
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Table 4.2.1 # I i B ¥ 545 % 1 7] )

60~70 = &

90~100 = 4~

100~110 = &

110~120 = »

120~130 = &
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Table 4.2.2 & a4y 4 B RIF5 5 % % 5 BHRH

CPU Intel® Core™ i5-2400 CPU @ 3.10GHz

RAM 16 GB

¥+  |AMD Radeon HD 6700 Series

Microsoft Visual Studio 2010

B AR
m T openCv2.3.1

# 5% T - |Window 7

2 H [ XBOX 360 Kinect Sensor
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4.2.2 4 RIFE TR A

A st T 358 ¥ E %4 5 (Mean Absolute Percentage Error , MAPE) 7

4

Lewis = 1982 4% 4 » RRIEE Frcchi B « I 2 @(WE 7 8 & ,T&{
REF)2 FPLEGHEE > bRE ol B* kP X FHEHRE &
AR 0% R RRIEA e (42.]) 0 d Pt 2T 318 s MAPE A% & 7§ %
BB Rl A A AR LRI HRBEAGAIHE LA L PERERR

TEPRREL A Imm P o R E R ERR AR (422) ) Fark b § Bk
5405 % 0 A IS 1000 = o Pt KR BRI E RS B L

(Mean Squared Error, MSE)(4.2.3) » &yt F & #-€ & iz fiTF > Lk & o

fe
Yt
N: k480 eGFL): yr — T

1
MAPE = ~%I,

X 100% (4.2.1)

minError

N = (ﬂ)z (4.2.2)

C=2.58> "% 3iefei L 001 AEF K > M RAFE - Fageg) 995§~
Do 4 RN HE  SID=78 * AR HLRTIOL gy L RS

B A B L (mm); mnError=1> 2734 & & 1lmm L p o

1
MSE = Nz?’zletz (4.2.3)

N: k482 eGFL): y: — T
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Table 4.2.3 MAPE %7 £ % 4 [26]
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<10 % A I enTp
10~ 20 [ ek ]|
20~50 £ 78 3F P
>50 7 2 Fr eiE R

27" ] Figure 4.2.2 ~Figure 4.2.6 » £ 4 4% - B dpdp X TR R ch 3 B

F(X Y2 B E e FFA®ESAMAPE - d SR BT ER R

X EtErt 2 Y B MAPE 7 4238 10 2 ¢h > #3512 10 5
BAR Y dpdp o R4 AR H MAPE » §8/] 3% 50 0 AT gRE 45T
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Table 4.3.1 % &7 b /RA FIET b % 84 £ R (C )Qu &

- S thumb index finger | middle finger | ring finger | little finger
mEME
S0-60cm 40 30 35 30 42
60-T0cm 40 35 29 30 42
10-80cm 40 38 40 28 40
80-90cm 40 38 38 30 40
Q0-100cm 45 32 38 28 43
100-110cm 45 36 38 30 42
110-120cm 45 35 30 29 40
120-130cm 43 32 35 28 40
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