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INTRODUCTION




BACKGROUND INFORMATION

v, Legendary of 18 Weapons
18 major weapons used in traditional martial art
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BACKGROUND INFORMATION

7 Motion capture
Recording movements in a digital / .\

manner PO\ -

With the use of accelerometers |
v Wil Remote

Has built-in accelerometers . A,

Capture movements of 1 hand i y,

Can be extended to both hands
with the use of Nunchuk
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MOTIVATION

2 WII IS a revolutionary console
A new method of playing games
Costly to buy a console

v Wil Remote can pair with personal computers

Capture data using Wii Remote and send to
computer

Players can still enjoy with specially -designed
games
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OBJECTIVES

%, Construct a motion classifier
%, Bulld an interface

A game, or an educational software
Perform motions in front of computer

Recognize correctly and be displayed in the
computer
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THE WII REMOTE




HOW 1O GET DATA FROM Wi
REMOTE ¢

v, Bluetooth as the communication channel

v Pair up with Bluetooth USB adapter to
communicate

v Use Wil Remote API get the data from Wii
Remote

WiiYourSelf! as the API
Be integrated to our classifier
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WHAT CAN BE OBTAINED FROM Wil
REMOTE?

v, 3D Acceleration data
X axis, y axis, z axis

v Infra-red data
Used with sensor bar
Determine pointing position
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WHAT CAN BE OBTAINED FROM WII
REMOTEY?

- WiiYourself! - De

—iiYourselft- library Demo:

— TRY: B = rumbhle, A = square,. 1 = zine, 2 = daisy, Home = Exit —
47 [——1] RUMBLE

[ BiA
A -H.2480 Y +H.@Y4 7 +1.H8RA
Updatefge 3 Pitch —3deg Roll 2deg
R +A.A37 Y +A.06B Z +A. 797>
Mode EXT.

Fregquency 3138 He Uolume Bx28
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METHOD OF
CLASSIFICATION




POSSI
ME T I

BLE CLASSIFICATION
ODS

¥, Tree-

Compute attributes based on

moti

pased & rule-based

} WEKA

The University
of Waikato

on data

Relative Max / Min Acceleration Time
Initial / Average / End Acceleration
Rotation angle

WEKA

Open source data mining software

Generate decision trees / rule with different tree -
based / rule -based algorithms based on values of
attributes

C4.5 decision tree learner
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POSSIBLE CLASSIFICATION
MIETHODS

v Similarity search
No further computations needed
Compare patterns of motion data
Euclidean Distance Algorithm

[Dynamic Time Warpina {
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WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v FInd the best match between two given
sequences.

¥, Sequences mapped nonlinearly with the
time dimension.

To detect similarity regardless of variations in
time and speed

¥, To produce a matching
First model sequences into a 2-dimensional grid
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WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v A grid for DTW

Stored Sequence

Z

Input Sequence

/W



WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v, Dimension of grid
Determined by the total number of data points of
the sequence

One data point is related with one row / column
of squares

N squares

M squares

/ |

LYUO702 Legendary of 18 Weapons Motion Capture Data Analysis for Wii Remote 17



WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v The next step Is to compute the values for all
the squares

wEach square stores a di

Defined by sum of 2 parts
y(ij) min [y(i - 1,j — 1),y(i— 1)), y(ij - 1)]
The Euclidean distance between the corresponding
elements of the two sequences
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WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v, Euclidean distance is defined as the ordinary
distance that could be measured with a ruler

For two points P and Qin general n-dimension
space, it is defined as:

n

b0l +6o-af +t (o) :Ja(pi-qi)z

i=1

In particular for 3D space

For two 3D points, P = (p, p,p,) and Q = (g, g,d,), the
Euclidean is defined as:

\/(pl' 0&)2"'( 2" Q2)2+( 3" %)2
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WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v The next step Is to compute the values of all
the squares
wEach square stores a di

Defined by sum of 2 parts
y(ij) = d(s,p;) +min [y(i— 1,j — 1,y(i— 1)), ¥(ij - 1]

Minimum distances among the 3 neighboring squares
Values computed already l/

o

LYUO702 Legendary of 18 Weapons Motion Capture Data Analysis for Wii Remote 20



WORKING PRINCIPLE OF DYNAMIC

TIME WARP

ING

7. Next Is to find a path within the grid which
minimizes the total distance from the blue
sguare to the red square
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WORKING PRINCIPLE OF DYNAMIC
TIME WARPING

v \WWarping path is found
Just the shortest path computed

v Defines the mapping between two sequences

T~
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HOW DO WE APPLY
DYNAMIC TIME
WARPING?




DATA STRUCTURE

Motion Database

L eft

Reference § Reference Reference Reference
Motion Motion Motion Motion
Data Data DEIL] Data
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EXAMPLE

Time X Y z

0 1.00C 2.51¢ 0.48(
15 0.72( 2.667 0.32(
30 0.12( 2.96: 0.24(
45 -0.12( 3.11: 0.28(
60 -0.60( 3.51¢ 0.44(
75 -1.12( 3.85: 0.52(
90 -1.28( 4.00( 0.64(
108 -1.44( 4.11:. 1.00(
12C -1.68( 4.14¢ 1.16(
138 -2.40( 4.18F 1.40(
15C -2.88( 4.18! 1.44(
165 -3.48( 4.22: 1.40(
18C -3.28( 4.22. 1.28(
198 -2,96( 4.22. 1.20(
21C -2.48( 4.22: 1.00(
228 -2.36( 4.25¢ 0.96(
24C -2.36( 4.25¢ 0.84(
255 -2.64( 4.25¢ 0.96(
27C -3.400 4.25¢ 1.00(
285 -3.80( 4.25¢ 0.92(
30C -3.48( 4.29¢ 0.84(
31E -2.32( 4.22: 0.76(
33C -2.04( 4.25¢ 0.92(
34t -2.36( 4.11: 1.04(
36C -2.52( 3.51¢ 0.84(
378 -2.44( 3.18¢ 0.68(
39C -2.00C 2.63( 0.40(
408 -1.72( 2.40° 0.28(

Time X Y z

0 140 1.96: 0.76(
15 1.24C 2.11: 0.76(
3C 0.88( 259 0.7
45 0.44( 292t 0.76(
6C 0.24( 3.07:- 0.76(
78 -0.12( 3.44: 0.84(
9C -0.36( 3.66° 0.84(
108 -0.92( 3.96:! 0.96(
12C -1.32( 4.07- 0.92(
13t -2.00( 4.14¢ 1.00(
15C -2.52( 4.18' 1.20(
168 -2.88( 4.22. 1.24(
180 -3.24( 4.220 1.24
198 -4.12( 4.220 1.40(
21C -4.28( 4.22. 1.24(
228 -3.60( 4.25¢ 1.00(
24C -2.84( 4.25¢ 1.00(
258 -2.76( 4.25¢ 1.08(
27C -3.12( 4.29¢ 1.28(
28t -3.72( 4.25¢ 1.32(
30C -4.60( 4.29¢ 1.00(
31f  -3.96( 3.92¢ 0.56(
33C -3.36( 3.59! 0.44(
34F  -2.24( 3.51¢ 0.60(
360 -1.96( 3.59: 0.76(
378 -1.80( 3.48. 0.96(
39C -1.88( 3.220 1.00(
408 -2.00( 2.63( 0.76(
42 -1.92( 2.37( 0.60(
43t -1.68( 1.92¢ 0.40(
45C -1.52( 1.70 0.32(

Reference Motion of Same Type

Motion To Classify
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THE INPUT DATA

Time
(Millisecond)

1.00 2.52 0.48

15 0.72 2.67 0.32
30 0.12 2.96 0.24
45 -0.12 3.11 0.28
60 -0.60 3.52 0.44
75 -1.12 3.85 0.52
90 -1.28 4.00 0.64
105 -1.44 4.11 1.00
120 -1.68 4.15 1.16
135 -2.40 4.19 1.40
150 -2.88 4.19 1.44
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APPLYING DYNAMIC TimeEe WARPING

Dynamic Time Warping Cost:

y(i.j) = d(syp;) + min [y(i—1,j — 1),y(i— 1,7),y(ij — 1)]
Typically:

d(s. p;) =|di1- pli]

In our case:

d(s, p;) = (i1 X - p[j1X)* +(dil.Y - p[j1.Y)* +(dil.Z- plj].2)*
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THE DTW MATR

0 h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h
0.7 1 1€ 2& 3& 4& 6.€ 91 11¢ 15% 19.% 23.€ 28z 335 39.% 445 48f 527 570 624 68: 734 77.¢ 8l: 84f 87t 90.f 93¢ 96.4 990 101
1€ 1€ 17 2z 2¢ 4z 57 7¢ 10f 13.€ 17t 214 255 30.¢ 36.2 40.¢ 44¢& 485 53.( 57.& 63¢ 685 72L 75.€ 78<¢ 8l: 83¢ 86. 89.& 91¢ 94.r
3.t 31 2€ 2&: 27 3f 4t 62z 81 106 135 177 208 25.¢ 30 341 37« 405 44: 48%f 53f 577 61 63 65¢ 681 70 72¢ 746 76 78
5.t 4¢ 3& 31 2¢ 3& 4z 5t 7z 9f 127 15¢ 18¢ 23] 27.%f 31: 34: 37 40 44¢€ 49 53.: 56.f 581 606 62f 64 66. 684 70 728
8.C 7z 5€ 4& 3¢ 3€ 3E& 4€ 5€ 7T 94 11¢ 14& 18f 22°¢ 25f 27¢ 30. 33.0 364 40.%f 43¢ 466 48°: 49 51.( 52« 54 55¢ 57.¢& 59.¢

112z 102 7¢ 6.z 55 47 44 43F 4¢ 5¢ 7E 94 115 14¢& 181 20 22f 24r 264 29z 325 35€ 37.¢ 39.0 39.¢ 40.f 41.¢ 43¢ 451 471 49:
14¢ 13 10&£ 8z 7% 6. 54 4& 4€ 54 6& 8t 10€ 13f 16 19.C 20.6 222 2471 265 30.C 327 34¢ 35¢ 36 37.L 38.€ 40. 41¢ 440 46.:
18 167 13.c 104 9& 7t 6.€ 54 4¢& 5z 65 78 9.€ 12 151 17 187 20.C 21.& 241 277 29¢& 31¢ 32¢ 337 34« 35¢ 37.( 38¢ 411 437
21.¢ 20z 16 12¢ 11t 9z 8C 62 5z 51 6C 7z 87 11z 13& 157 16¢ 18( 19« 21t 24« 26.f 287 297 30%f 312 3271 337 356 37.¢ 40!
26« 24t 200 161 14f 115 10z 77 64 57 54 5¢ 67 84 10& 11€ 127 127 13« 14 17.C 18& 20.0 21.F 22°¢ 2301 24t 26 28: 30.& 334
31z 291 24z 195 17¢ 14¢ 12¢ 9& 8(C 67 5& 5€¢ 6C 7z 8€ 95 9¢ 10¢ 106 11t 13: 145 15¢ 172 18%f 19 21t 23.: 254 287 3l:
36.7 34¢ 28¢ 23¢ 21¢ 18. 16J 12¢4 10: 8z 6£& 6z 5¢ 6E& 7T 77 85 9t 97 9¢ 111 1271 13:% 14¢ 165 18€ 20.f 22.¢ 25 28« 31
41.¢ 39« 334 27¢ 25f 21«¢ 191 14¢ 12T 9Ef 75t 6€ 5¢ 67 7& 77 8: 8& 9C 94 10f& 11& 12¢ 14% 15¢ 17.f 19% 21« 23& 26 29
46.¢ 441 37.€ 31f 29 24.¢ 21¢ 16 13¢ 10f 8C 67 6z 71 8C 8z 8C 82z 84 9z 10f& 120 12¢ 14.( 15% 165 18z 20.. 22t 251 28.
51.: 48« 41: 347 31¢ 26.& 24( 18¢ 1571 11( 8z 71 7. 7¢ 8¢ 91 8: 8: 8¢ 97 11: 12«4 137 135 14€ 15.€ 16.& 18« 20« 22¢ 257
555 52 45( 37.¢ 34¢ 29: 26.( 19¢ 16z 11¢ 8t 77 7¢ 8€& 9¢& 101 8€& 87 91 10& 11.¢ 13.C 137 141 14%f 15f 16.€ 1801 200 22¢& 25!
60.1 56. 48¢ 40¢ 376 31¢ 281 21¢ 17 11¢ 8¢ 84 87 9& 10& 111 9& 9z 9€ 10f 126 13.€ 14: 14%f 14¢ 15f 16.€ 180 20 225 25!
64.¢ 61z 52& 44: 40.¢ 34 30f 2371 18¢ 12¢ 9z 8¢ 91 10 11« 115 9f 9&f 97 105 12f 13¢ 145 157 15%f 16.( 16.8 18« 204 22¢& 25
70.1 66.: 57.1 48< 44¢ 37.€¢ 33.€ 25€ 20 13¢ 101 9& 91 9¢ 10& 11.C 100 100 97 10z 11« 127 13.C 14f 160 17.c 17.¢ 18¢ 20.f 23%  26.
758 71&¢ 621 52¢ 48¢ 41« 371 28f 231 15¢ 11« 10 97 9.€ 10z 104 117 11.C 10f 10J 10.¢ 114 12¢ 141 160 182 19. 20. 216 24.( 26
81z 77.C 66. 57.( 527 44¢ 40: 311 25: 171 12«< 11.(C 10z 10f 10f 104 117 11¢ 111 105 11.c 11.6€ 12°% 13.¢& 15¢ 17.¢ 192 21t 225 24¢€ 27!
85.¢ 811 70 60.C 55ft 47: 42 32%f 26 17.¢ 12¢ 11.¢ 11: 1271 12f 115 11.C 11t 12 122 13.C 12¢ 12¢ 13.( 137 14.€ 15& 17. 19t 215 24«
89.7 851 73.& 62¢& 581 49. 441 335 271 177 13t 125 12f 13:° 140 13.°& 11¢& 110 125 130 145 14¢ 14« 135 135 14%t 156 17 190 21f  24.
94.( 892 77.¢ 65¢ 60.¢ 517 46.J 351 281 181 137 132 13« 14 150 14f 12° 127 12t 13.¢ 16. 164 157 14< 14.¢ 14%f 15%f 17. 18¢ 21t 23¢
98. 932 80¢ 68¢ 637 547 48: 36.6 29. 18¢ 14f 141 14 157 16 15¢ 131 13.( 132 14.( 16 17.f 16. 14¢& 15( 151 157 16. 17.€ 195 21
1020 97.( 84z 71¢ 66. 56. 50.£ 38f 30¢ 20.( 15€¢ 15< 15.€ 164 17.¢ 17.t 14% 147 14« 15.( 16.£ 17.¢ 175 152 15¢ 157 15& 16.( 16.¢ 184 20.
105.¢ 100.. 87.1 74: 685 58f 52< 40.: 32¢€¢ 21¢ 17< 17. 17.€ 18< 19 195 16z 160 16« 16.¢ 18z 18¢ 19 16. 16.2 16f 16.€ 16.. 16.2 171 18!
109.C 103« 89.t 76. 70.t 605 54< 427 34. 235 19.€ 19.6 19.¢ 20¢& 2157 2271 18f 18« 18€ 19 20f 20¢ 20¢ 17.¢ 17. 17.f 17.¢€ 16.0 16.£ 16.& 17!t
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TAKE DURATION INTO
CONSIDERATION

Duration (Millisecond)

Reference Motion of 405
Same Type

Motion to Classify 450
Average 427.5

ff L¥L ALl L4
1189 L2130 239
5.3 176 195 216
20 169 184 202

51 163 171 18
57 165 168 @

DTW Error(Similarity) = 17.534 + 427.5 = 0.041
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DTW ERROR RESULT

Eror
Left @

TopRightCircle 0.245
LeftCircle 0.196
Dash 0.273
CircleUp 0.162

Classified As: Left
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TUNING




REASONS FOR LOW ACCURACY?

v, Performed not in the same way

v Button pressed in wrong moment
v Similar motions

v, Bad quality of reference motion
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ANALYZED METIHODS OF TUNING

v Number of Reference Motion
v Error Compensation
v Average of Motion Data as Reference Motion
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NUMBER OF REFERENCE MOTION

\Y[e]ile]g Motion
Database Database

REE N BREEGETEY BREECHE BREEEE
Motion Motion
Data Data
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NUMBER OF REFERENCE MOTION

v, Increase number of reference motions of t
same type of motion

7 Run Dynamic Time Warping on more
reference motions
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NUMBER OF REFERENCE MOTION
v float dtwError (Motion A, Motion B);

Errorl Error2 Error3

SRR

v Similarity = (Errorl+Error2+Error3) + 3
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