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Planar Hand Motion Segmentation

Student: Wen-Yuan Chi Advisor: Dr. Zen Chen

Department of Computer Science and Information Engineering
National Chiao Tung University

Abstract

The main purpose of this thesis is to segment a video clip of planar hand motion
into motion subsequences each with some unique semantic meaning. Further analysis
or processing on these motion segments suchras motion recognition, motion editing
can be conducted.

In this thesis, the hand motion segments in 3D space are classified into two types:
co-planar and co-axial, depending on whetherithe rotation axis is perpendicular to the
trajectory of each hand joint and whether the handjoints are coplanar. Any hand
motion sequence can be treated as a combination of these two types of motion with
different motion parameters.

By finding the plane of the hand joint trajectory, the rotation axis of the planar
hand motion can be obtained. Then, the projection of the 3D joint position trajectory
onto the motion plane is computed. Then, perform the second AR model analysis on
the projected trajectory to find any further possible segmentation of planar joint
motion. In this way, planar hand motion clip is segmented into sub-segments of the
same type of AR model.

The proposed method is mathematically formulated. Experimental simulations
applied to various clips of hand motion are shown to obtain the segments of hand
motions each described by an AR model.
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Plane Segmentation Algorithm

Input: a set of points S =[p,, p,, Ps....], and distance threshold d,,

Output: a segmented sets of points S, =[py, p,,..., P, 1, S; =[Py Pyiare]s oo

Method:

1. Form the initial planes E =[E,,E,....,.E]
(1) For the input set S, assume that the first m points to form a initial plane

15



E,.
And initiate S, ={p,, p,....P,}.
(2) Checkifapoint p, €{p,.,, Prip»} belongsto E,,
ie., if d(p,E)<d,, thenadd p, to S andrefit E with S

Until d(p;,E,) > d,,. Let this pointbe p, .
(3) Then remove the last k points,

Sl = Si _{ptrk v Py ptl}:{pl’ Paseens ptl—k—l}’

andrefit E =E, with S,.
(4) For the remaining points of the inputset S=S-5,,
repeatpart (1) ~ (3) to.obtain, E,,.. E,.

2. Refine E =[E,E,,...,E, ] ~to remove outlier points.
(1) Choose | outlier points whose distances. E. are above the threshold.

i=1~n.
(2) By removing them, refine -E; with the remaining points.

ST Rk TR OB & AT RR L EIRE & e g
= e R TR - A S F R T T o

SR SRk BRI S oR E“FA LT s (FRL BT TR g
ﬁiz—‘wﬁ'[fjﬁ]@wﬁ IFA'H@ =) ”E‘y % =t E PRIgF= > 24 EJ;E:E;I*‘T‘ JH s F[ o E'Iﬁél’%“dﬁ
g\, ,;{fj’ﬁ:ﬁ/ﬁ‘?iﬂ [EsIGEAET =0 T F[FI i (Merge) » $511H L—F[Ijﬁgﬁj\ e

— AT = REARITIVRG & £ 0 RS PIREL S o (RO T AR

i
P e E'lﬁlJﬁ:§$E%i§ fi o HIF A R [URER P8 s~
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(degenerate ) %[~ 5 ISP, o =5 PIOER IR — Bl & 4 ple
A AL TR T -

BERURS T [ T JE#J* (R o IR T A [l#}?ﬂﬁﬁp@} [ERREN
RO PURER B A% o [LVRURS - o TR RS B i gt -
HESRTE 3k pl g = [J’?“/E*ﬂ[ﬁ'kﬁﬂ  (ERDRE = o R PR
[P o B lﬂlf’%ﬁﬁlﬂ “‘ﬁ@ﬁiﬁ@ EZRE

[V - R o i - AR BE T (Eigenvalues) & T 1L N
el TRATISER [ Pl o = 252 F'%JL— ] f“—rlﬁﬂ AERLA FAER ARV
JI/é o —Li_);: I—%F‘ - I:L[l l:/\l [:Etlf[ JiF’]ET?i

Plane.Merge Algorithm

Input: A series of segmented sets of points s, S....,S, € 2D, each one with
sorted eigenvalues A;54,,4,,and 4, > 4, 2+,. And a threshold of
eigenvalue, e, .

Output: A merged sets of points™ S Ssymi, S, m < k

Method:

S| S2 | Ss Sk

Initial i pointsto s, (i=1).

Fortheset s; and s;,,, merge them, and recalculate its dimension.

Le.,
<i> Find out the eigenvalues A4,,4,,4;,
<ii> Normalize A4,,4,,4;, suchthat 4, =14, :%,/13 :%
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<iii>Compare if 1, <e, .
(1) If 4, <e,,thenthe dimension of the merged set is 2.

j setto j+1, and repeat part 2..
(2) Else, the dimension of the merged set is 3.

then split s; and s, ,, merge the sets s; ~s; into the larger one.

ie, S, ={s,5,.,5;}.

i settoj+1, j settoi, mset to m+1, and repeat part 2..
Until s; =s,.

3.4 FHTHBELE|% > 2 F[P] AR Model Fli = ghi==k]

FUST14][15][16] - =5 [’ ') '] Second order AR Model it F%Jéﬁ F | g
(== 1Lﬁ"@ﬁ*‘éfﬁ?’fﬁﬁﬁflﬁ'm@f“’*%f’?ﬂll"ﬁ:’%{ﬂ[m] ’

34.1  FhETb=EiES

2] AR Model f”J%’[J;l/ﬁr] v ﬁ;ﬁizpfﬁﬁﬁﬁq@é]@ o T 3.3 IR
T Fltﬁﬁiuglfjﬁgﬁﬂ‘ FrXpErn ’é ’?‘/tlﬁﬁjﬁﬂﬂ Ui > (¢ 7 quaternion
FSERIER P TR B 11 R gy v, Bl e &y, pobeqi =% 6,

o N (3.1)
:(A+(I —A)cos@t +(A )sm6’t 1
o
n.-n, n.n, n.-n, 0 -n, n, ||V,
~ _—-T —_ N7 B
A=ni"=|n,-n, n;-n,ongen, | (AW =(AxY,)=[ n, 0 -n|V,,
n-n_ n,-n, n-n -n, n 0 |V,,

SRS LRBE R S Al TG,
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3.4.2 Second order AR model /i

AR (auto-regression) Model L™ | ffiit— A% (1 Lt FRfHGTE (1) =2
LR IS X(t—1)1X('f—2),-“?J7FE‘F‘T?JE'@* FEEPIREASLE] ( Dynamic Model ) > — [
AR 87| (First-order AR Model ) %= £%

X(t) =c,x(t—-1) +e(t) >
IR R] () kLT -1 IR, x(t 1) F o [REESE Ree(t) Bl S o £
e, P A AL R Flfifﬁv% [t o

S T [T R - S0~ RSEEORRATE L 0 = AR Bk
R —%%I [ ( Second-order) F&Eiﬁ MHY AR F5LE] o (FIESE order FUIETY
et B PR NPT e Ty [ATTE R T T AR SRS LS o S T e A
R R (! fllfer 1 1 SIpIRle FRI > 57 2 e AR HOE 5=

% ﬁF{*JyJ P J]JFA £,
X(t) =c, x(t=1) +c,x(t — 2).+e(t)

CORIE B P il N A RS X(t) { (t(t) )} HITFA = T AR ASLE] T fifii o

IR
X(t)=A-X(t-1)+B-e(t)

0 | 0
iWh’A=L\ A}u$%ﬂﬁ@NWW%%ﬁ%®tB{g}’Eu$%%ﬁ@ww

AfEES (228> e, Kb zero mean fi Jﬁ SRS o

)= KR £ AR T AR B € R
B 7 AR Model ISR L& IERLY 555 TS IR o bl - 1]

sholuder( ) R
(t) { elbow(t) :|
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3.4.3 AR Model Segmentation Algorithm

it [RRR AR F%J%f TR E?L«‘ AR R PRI o s
- FRCHEEE ] H AR BT UG A T B T8 - IS
FIOIE 2 R [ > Y A AT R ORI o i o
f’E’h’J%{UFWF I puigh s’y ()52 R I AR [ [IOTIRE > 2 SR A 52 2 517
Agh “‘E\ﬂj:i':l‘l f”Jr%’ ° ’;’*éﬁ?iﬁff?@mﬁﬂ@ » |’ IJFR 7| recursive system estimation [1V73%
e rf (18] -

FIFTW () e 7 SRy | “'pfjﬁﬂ 53 2RI A 7@ {7 State Space Model

sk @ [16]

At +1) = A®t) +W (1) (3.2)
X (t) = A(t)- X (t 1) + E(t)

SR T (B9 X (), Ko 1 B X (k) = A- X (k 1),k =1~ t fugeL

Z o [ EE R R At) [16]

Vi(A®) =D AKX (K) - At)- X (k=D

t (3.3)
Bt k) =114, Aisaconstant
j=k
5f(3.2) 7V A t‘,l’ﬂr%fﬁ T ’r%*ﬂfﬁ, RS AT () -
(3. 4)

A1) =X, ALXK-1)-XT(k-1)7 Y, ALKXE-D X" (O

FUFfH BT S 0T AP B d () = [A©Q - A¢-D)| > d@ ot
[T VAEE IR O B AR » [~ AR SRR (R < Pk o [ 1PV d (1)
g deide i (Local Maximum ) i = (TR«
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PETLAREL ORI ARG -

AR Model Segmentation Algorithm

Step 1. }{—Jﬁ‘ Y E 2R X (1), t =1~ n#]"] low pass filter S [=#E54 > 27k
Tl HY(),t=1~n
Step 2. SR FPREFRIY () 1° 7 2250 (3.2) fIfHFr2 Ui A > E R R A

s BUFIR D(E) = A(t) — At -2)
Step 3. T BT normd (t) = [D@)| = A®) - A-)| » EigHIAIN| MSE

(mean square error ) <& T matrix norm > Az(ai,- )mxn,||A||— ZZ‘ u‘

Step4. JEd(t)** 1DRLS

Step 5.  §-Step4 flIf95HN ’*VL['H'”]JHIEWEH@ IR AIRT

Step 6. }{ﬁf’ﬁéﬂ TRPUA S 3 E‘*JF:TI;LF’J%, ( Dynamic Model Fitting ) » ¥
ﬁFH{ET VR S B AR ﬁ%?pgfﬁ?@ﬁﬂj [FI1%]] Step5 ff

= A PR R RIRY

A3 I R PSR e S I R [ B 5 [ P
i AR Model f3% =

3.5 ‘F‘m [EH B pyZa

PRI CPIEEIIO B A PRI X (0) I | EUS I,
:FIJF[ jL?}«_{\ ﬂfﬁt Eﬁ@ F[ J}{JiF: FI P X (t) -

X (t) = AX (t-1)

=A-AX(t-2)= A’X(t-2) (3.5)

= A'X (0)

U RTUE A fURy B0l (Eigenvalues) » 11"} 53 58 )™ e i -
Case 1: Hj B4 {57 H g

R A PR B A Ay F BRI, - HITFRTIE X (0) A
FA Y
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X(0)=c,V;, +¢,Y, 3.6)
HE O (3.5
X (t) = A'X (0)

SO F | ARTC

-y %{ﬁ Zjﬁj

= cl/livl + C2/1t2\72

F||"'| Least square =!I e fift X (k),k =1~ t i #£ 5T X (0) i 1’75{3} » Al

O 1
xo] (I 2{ ;tj
X(Z) c _B C
: Cj_ .Lj

X (n) 2’1 07"
1 /12

X(l)
=(B"B)'B’ X(Z)
X(n)
PR ST BRI F[[ Bl X(O)bj‘”g(‘%ﬁ[ﬁ]@:{ A ek FSEETR -

Case 2: ¥ &4 ffi \HIGY

*ﬁf*‘f%ﬁmﬁ] VR TR A, = prig =r(cosg+ising) - H Bkl Fiv +iw >
S=[w v]

Then
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R el ST
sin(gt)  cos(¢t)
=rt _511 S12 }{COS(&) _Sin(d):||:(:l:|
|Sor Sy | SiN(g)  cos(gt) | c,

t s,y COS(gt) +5,,8in(gt)  — s, sin(gh) +s,, cos(gh) | c,
| Sn cos(gt) +s,,sin(gt) —s,, sin(gt) +s,, COS(ﬁ)}|:CJ
| €811 COS(gt) + €8y, Sin(gt) —C, 8y, Sin(gt) + C, 8, COS(k)
| G151 COS(¢t) + €18, SIN(g) — C, S SIN(¢) +C, S5, COS(d)}
t | (C,Sy; +C,55,) COS(4t) + (C;S;, —C,8,;)sin(gh)
| (S5, +C,8,,) COS() + (C,S,, —C,S,) sin(ﬁ)}
a=C_C;S;; +C,S;,
[acos(gt) +bsin(gt) | |b=c;s,, —¢,S,

| ccos(gt) +d sin(¢t)} C=C,S,, +C,S,,
d =¢;S; —C,8y
«| va? +b? cos(gt + hl)}

vc® +d? cos(gt +h,)

[ 'm, cos(¢t + hl)}

| m, cos(gt +h,)

I 2150 m,m,, hy,h,
_ [ x(t-1
By > F|IP] Least square ff25rm,==h, » 5[] :

x(1) r-m,cos(¢+h,)
L(nj L” -m, cos(gn +h,)

" r-m,(cos(g)cos(h, ) —sin(g)sin(h,)) }

| r"-m,(cos(¢gn)cos(h,) —sin(¢gn)sin(h,))

[ rcos¢ rsing

) : : { m, cos(h,) }_B_{ m, cos(h,) }
s ;| my(=sin(h,) m, (=sin(h,))

| rcos(gn) r"sin(¢gn) 2-by-1

n-by-2

23
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x(1)

[ m, CO-S(hz) }: (B7B)B" x('2)
m, (=sin(h,)) :
x(n)
HE]
m, = /(m, cos(h,))? + (m, (sin(h,)))’ (3.7
h, = cos‘l(M) (3. 8)

2
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P R

4.1 FEERRE (] FL il I%EFI%J&_

4 o

e 33 A1 HE] I AR Y U R GRS
ERET ORY =il i it %HF%@W@Hfﬁ@ﬁ?ﬁ@w :

R
i R R 5[0 0 o =L gisi[17.6777 0 17.6777] » (=

gl 3 2] 1) pid b 360 % % 0 HE]- AR B FEET PR [
S o SEEETN ([ 4-1) > 4,120 ‘f[afﬁﬁﬁo

[ 4- 195~ : 3D A
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Shoulder’s position

Elbow’s position

Wrist’s position

e 3.3 lifs P HIHETEE  I9E) 5 fE (e ol (et 1) -

o 1 - o T e

Segments | Start Frame | End Frame
#1 1 21

#2 27 47

#3 53 73

#4 79 99

#5 105 120

R AR ES= TR 53 RIS 1 n-by=3 sl i > 717 | SVD S i
E= (i 1 (Singular Eigenvalues)' 41~ Ao~ Ag = HARRI (i 2) -

R 2R BV R B

Segment#1 | A1 A2 A3
eigenvalue 29.0339 | 4.1386 | 0.0000
E] 1.0000 0.1425 | 0.0000
Segment #2 A1 A2 As
eigenvalue 29.0339 | 4.1386 | 0.0000
] 1.0000 0.1425 | 0.0000
Segment #3 A1 A2 A3
eigenvalue 29.0339 | 4.1386 | 0.0000
il 1.0000 0.1425 | 0.0000
Segment#4 | A1 A2 A3
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eigenvalue 29.0339 | 4.1386 | 0.0000
=1 1.0000 0.1425 | 0.0000
Segment #5 A1 A2 A3

eigenvalue 19.5398 | 2.1074 | 0.0000
L il 1.0000 0.1079 | 0.0000

FURH B 3 R B - AR (A 3)

P SRR HREAED D E R

Merge Segment #1~2 | A1 A2 A3
eigenvalue 86.0528 | 26.2373 | 0.0000
il 1.0000 0.3049 | 0.0000
Merge Segment #1~3 | A1 A2 A3
eigenvalue 127.8490: | 70.6904 | 0.0000
E=f] 1,0000 », {0.5529 | 0.0000
Merge Segment #1~4 . | A1 A2 A3
eigenvalue 143.3715+.119.2874 | 0.0000
=1 1.0000 0.8320 | 0.0000
Merge Segment #1~5 | A1 A2 A3
eigenvalue 148.1827 | 142.8590 | 0.0000
il 1.0000 0.9641 | 0.0000

LTS S fw%ﬁfﬁm |5 [YARRLS [ pw&w’ Ml 7
- pl ] AFJ’TE I J&#—H‘ ] jf, T RLIPE (R TR lﬂmlh‘%
PR VRS AL

PR

¥ F'ﬁ*ﬁ'?”r [?WJ }{’—j’ "iﬁ”ﬁ%”fﬁ‘@ﬁ‘% F[‘JD f[ﬁ‘ﬁfj’%ﬁ "ﬁJE"UB%'}“
|§J By (LIS 00 fRYEEEL 0.7) ) iR 2 L"ﬂéﬂﬁglzjigﬁ'ﬁfé? Motion Capture
ZperRAE L] o ?”W/D (%‘4 -3) > H 120 ff Wfﬁ °
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B 4-3 g 1 3D TR

Shoulder’s position

Elbow’s position

Wrist’s position

W 4-4 WS 5 SRR

Rl (A PO T AR 4 A5~ A B P
ol 4 WERT ¢ P

Segments | Start Frame | End Frame

#1 1 21

#2 27 47

#3 53 73

#4 79 99

#5 105 120

A SWERT - SHBEVR

Segment #1 A1 A2 A3
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eigenvalue 30.1621 |4.1783 | 3.6137
=1 1.0000 0.1385 | 0.1198
Segment #2 A1 A2 A3

eigenvalue 21.3196 |5.0758 | 2.2967
il 1.0000 | 0.2381 |0.1077
Segment #3 A1 A2 A3

eigenvalue 19.3592 | 4.2322 | 2.9449
b 1.0000 |0.2186 |0.1521
Segment#4 | A1 A2 A3

eigenvalue 26.4485 | 5.4504 | 2.4696
F=11 1.0000 | 0.2061 |0.0934
Segment #5 A1 A2 A3

eigenvalue 38.8900 174889 | 3.5531
=] 1,0000 - | 0.1926 | 0.0914

A BRI (U B i

Merge Segment #1<2. | A1 A2 A3
eigenvalue 76.8263 | 21.3422 | 4.7751
1 1.0000 0.2778 | 0.0622
Merge Segment #1~3 | A1 A2 A3
eigenvalue 113.7831 | 54.0074 | 5.6508
| 1.0000 | 0.4747 |0.0497
Merge Segment #1~4 A1 A2 A3
eigenvalue 139.3933 | 99.1061 | 6.2470
i 1.0000 | 0.7110 |0.0448
Merge Segment #1~5 | A1 A2 A3
eigenvalue 147.8146 | 142.0463 | 7.4151
1 1.0000 0.9610 | 0.0502

HYERIE ~ (WP (= P SVID 31 i e B FpOi@ - o 1 i

29



AT > AR [T PR Ay~ A RS AT s PO
T PIYE o e UpJE:’jlg{ PRUET G [pjg#ﬁ%k Do HE LR
T C A2 Bf ) e lﬁffﬁ 6 FIPVETE AR di PR £ HI}H }E’?ﬁ@?
£%0.1

4.2 [ b BB,

P RIFAE N AT ARDEE T [l e T o
FRLTE il PR (PR 2 - gk E I - (33 I
B LR TE | SR R (T [l 4R R TR AR = R
W [l o RO [ g R A PSR o P A
ER R [T e J?r% V=S g R R R 5 R ]

=y

ez
R U Y . LOL BB LA SRR RS > #41-105 IR
[ - EPREE I (8

Frame | Left-View Right-View

#1
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#8

#18

#31

#44
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#68

#78

#86

#96
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(E

#101

nd)

i

Fio 1) 220 23 fifiut ik

4-6)

lﬁ' 4-5gEE=

: POl

’ e
e =

PSP LY (AR R -

U

140 140
120+ 120+
100t 100t
80+ 80+
B0+ A0
o Y S 40¢
- M .
0 . . . . L 0 . . . . .
i 20 40 60 80 100 120 i o0 40 A0 60 100 120
(a) (b)
140 140 :
—x
—
. \/\/\/—\/\/‘/\H = M ]
100t 100t g
anf T oaf
=
2
B0+ 2 B0
2
40f 40t
a0t 20
0 . . . . L 0 . . . . .
i 20 40 60 80 100 120 i o0 40 A0 60 100 120

(©

(1158

(d)
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120 T T T T T 120

—X
—_—
100 B 100 — I

80

ED [

position {crm)

40

201

| | . . .
120 i 20 40 60 80 100 120
t(1/155)

(€) (f)

[ 4-6WERS ¢ SRR A
(@) () EF R FS TV | g’ﬁw‘ﬁl 0+ ()RR M = B )
(e)(F) EL R 1 (o= g -

IST-RARTE RS 33 WIS PR (R T) B
PRl e T P [kLRE[0.0701,  -0.2305, -0.9705] R

=

o 27 AT SRS, 0.8682 (om) > fERESEET 1,07 (cm)

B ke s e
Segments | Start Frame| End Frame
#1 1 101

Distance to Fitting Plane (crm)
[}
1 Il 1 1 1 1

5

10

-5

20k

T O

1 (11155)
W47 WERZ BT PR

R pI R e N IRV E E’?‘fb:ifﬁﬂ;ﬁlw?fisuumiﬁgrj

IE[ JK@F U shoulder (t) ’ Ij& [—%%%ﬂﬁlj’a% Uj( L ﬁF;TLIIIqj r’rda‘v [ JK#E:LE & ”

34




Ouvon (1) = F P £17% T3 55 AR Model oS ikl 10 11 5 RTCAAS 8)-

H ?UFIU-“’J%’U%#EJHE [1,8,18, 31, 44, 68, 78, 86, 96, 101 ] (?‘&Fﬁ 9) (q{‘q\‘ 4-8)

Foif 8 WS AR 2RI
Segment #1 Matrix A Segment #6 Matrix A
0 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
-1.1483 | -1.4154 | 2.0500 | 0.8743 -1.0665 | -0.2095 | 2.0941 | 0.2550
0.1663 |-1.4100 | -0.1457 | 0.5145 0.4353 |-0.3968 | -0.4595 | 1.3488
Segment #2 Matrix A Segment #7 Matrix A
0 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
-0.9332 | -0.5685 | 1.8369 | 0.2148 -1.1216 | -0.1992 | 2.0974 | 0.2195
-0.0005 | -0.9969 | 0.0175 | 1.2910 0.6080 |-0.3144 | -0.5569 | 1.2884
Segment #3 Matrix A Segment #8 Matrix A
0 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
-1.0738 | -0.2806 | 1.9894 | 0.5648 -0:8050" | -0.0027 | 1.7671 | -0.0005
0.0322 |-0.4699 |-0.0634 | 0.6938 04110 |-0.4015 | -0.3519 | 1.4140
Segment #4 Matrix A Segment #9 Matrix A
0 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
-0.9711 | -0.3219 | 1.9221 | 0.5235 -1.0998 | -0.1211 | 2.1146 | 0.1637
-0.0663 | -0.5445 | -0.0424 | 0.7370 0.6187 |-0.3977 | -0.6318 | 1.3664
Segment #5 Matrix A
0 0 1 0
0 0 0 1
-0.9633 | 0.1236 | 1.8955 |-0.1153
-0.0584 | -0.8407 | -0.0093 | 1.8040
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%LFF‘, 9HE®= : AR :"J%[’[Jﬁ%'\'

Segments | Start Frame| End Frame
#1 1 8
#2 8 18
#3 18 31
#4 31 44
#5 44 68
#6 68 78
#7 78 86
#8 86 96
#9 96 101

il i i i i \ i i P

150 T T

100 =

angle

a0

EB

1 8 18 kil 44 ziz} 78 85 9% 101

7 A
=
&
1

Diffi

=1
L in o
| | |

1 8 18 kil 44 68 78 a5 9% 101

qg‘ﬂ 4-8 =T T AR :”Jr%’[]ﬁ%'\'

(e ( Q%\' 4-8) fl1 ' 3853 Segment #1 1% F8=" - Segment #2 ™ f4=" - Segment
#3 £ _FHE ~ Segment #4 M 2=~ Segment #5 = ~ Segment #6 tiﬁ??f 1+~ Segment

#7 5% ~ Segment #8 5,115 + Segment #9 £ 115 > “?ﬁ,’ﬂ%’zé’%%’é‘?ﬁ‘%f@ﬁ'ﬁ °
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4.3 PIRBEFT FrrIHln
SEUBBLERYR] - JoRRERA [l R P

R

HHET~ T iS4 ~ R ﬁ,iﬁiéﬁ > H 110 [RiE ﬁWrﬁ %ﬁ#mz R g{ﬁﬁ
#33~72 B[ HEE Y - 4{44&#73 ~110 ELHE S » SEEIRY HEIV I (1 4-9) ¢

Frame | Left-View Right-View

#20

#25
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#32

#50

#60

#72
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#85

#95

#110

S

4 -9 URRD © F Y
[Fil% » #[]*'] Motion Capture v 4. {Ej;ﬁp@gﬁ@; F&‘ s FI2.2 5 2.3 (i

B ST ([ 4-10)

R T
pl F['“lij (i Bl
120 T T T T T 100 T
— X — X
— —
100} 211 il — 1|
80
B0
E eor E
5 5 4or
T oap T
g g
20
20
D F
oL —
- . ‘ . ‘ . - . ‘ . ‘ .
1] 20 a0 B0 80 100 120 1] 20 a0 B0 80 100 120

t (1/153) t (1/153)
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(a) (b)

1m0 : : : : 120 : : : : :
—X —X
- ot Y|4
Eils i —
B0k B
il .
- . B0 | +
E s af
T oo Z
= = af
ik i
D_
o . . . . ‘ ¥ . ‘ . ‘ ‘
o 20 40 B0 80 100 120 o 20 40 B0 80 100 120

(14158} t(1115s)

(c) (d)

140

120

100+

aor

60

40+

position {cm)
position (crm)

201

ok
2ok
Aok

B0
o

20 0 Eil Eil 100 120 i il 0 Eil B0 100 120
t(14153) t(11153)

©) ()

il 4 - 107dfRe ) - Fﬁ%ag%rjg#ﬁ@@
(a) (o) £ RS 2 FS T BRI T () BB R M S T R 75

FURIST-RE ORI A1) 3.3 FlI i) > 0T Pl (A
10) BT REEIE L (T TSR ERGAT £ BT R SRR ok
[E13[-01251, -0.00, -0.9881]: FrE Rt £ FiiuT S4EHEELT 0.7802 - £
Y2 0.9013( [ 4-11); b {=H B 2 K[y s HERI g £ SEIE T [Pk i &1 F5[ -0.2800,
0.9496, 0.1410] - F7 Rt £ Pt $5EHAEES 0. 8622 - f2¥5% 1.0229 ([
4-12) 5 [ B = B AN SIS [k Bl £5[ -0.9930,  -0.1137,

-0.0334 ] » FVE R I [FpoL IS2HEELS 0.5606 0 AR 0.7124 ([l 4-13) -
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F[sﬁil?gj TR o

A4 10 5P

EE T

EAISEBEEHo ] » B R

TR

Segments | Start Frame| End Frame
#1 1 32
#2 33 72
#3 73 110
25
201
151
E {113
e —
% 10F
- 15+
= 20t
% : " s ™ pe W

(@)

t (14153)

(b)

il 4 - 10 APRRTE T
(2)3D SEEIAER (o)t 5T itz

(@)

Distance to Fitting Plane (crm)

[ 4- 12 HERDH <
(2)3D SEEIAER (o)t 5T itz
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20k
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il 4 - 13 gD

(2)3D Stk (D) AT it

Distance to Fitting Plane {cm)

25

20+

20k

-25 =

I Fo
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t (1153)

(b)



R

T FH[ET ;@iﬁiﬁégﬁj »H 125 ]’[ﬁf%{ﬁﬁ ’ E‘Wﬁ#k% BT HETE - E‘Wﬁ#26~108
VR [OEIEY > GYAS#109~125 £ HORES  SETERY v (R 4-14)

Frame | Left-View Right-View

#1

#15

#25

#35
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#45

#55

#65

#75

44
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