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ABSTRACT

In this thesis, a synthesis algorithm for a gait motion effect and a reduction
method for the motion effect are proposed. The synthesis algorithm transforms
gait motion data into a representative single cycle gait motion effect through 5
processes: Data collection, motion effect synthesis, segmentation, averaging, and
dimension reduction. The motion effects generated by the algorithm were highly
evaluated for expressiveness and activeness in the user study. The reduction
method uses PCA to express complex a gait motion effect as a vector of length 6
with principal components. We confirmed through the user experiment that the
motion effect reduction does not cause significant loss of perceptual characteristics
and that a mathematical space consisting of the principal components can explain

the characteristics of the gait motion effects.
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Gait Motion Effect - Head
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Gait Motion Effect - Lumbar Vertebrae
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Comp. #1 Comp. #2 Comp. #3 Comp. #4 Comp. #5 Comp. #6

47.52% 36.76% 4.50% 3.80% 1.52% 1.20%

AT e

1

B
M

41 FEW 48

-y

fin] (if0 <t < N, N: a period of the f[n])

fin] = (4.3)
0 (otherwise)
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Axis  Roll (deg) Pitch (deg)  Heave (cm)

P-P Amplitude 0.64 0.22 0.16
Approximated Motion
RMSE (amplitude ratio) 0.024 (3.8%) 0.024 (10.9%) 0.015 (9.4%)
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F(4,6) P-value

Component 1
coefficient 18.2 0.002

Component 2
coefficient 25.0 0.001

Component 3
coeflicient 1.2 0.404

Component 4
coefficient 11.4 0.006

Component 5

coefficient 8.9 0.011
Component 6
coefficient 1.9 0.238

H 4.3 B3 fo mhE FAHZ Al 2ol et ANOVA test A3}

support vector machine (SVM) R 2 classifiers F+%511 1 %52 ASHE
¥th. SVM-2 7} training datac]] 18 HH} 710 of-§5l= label AR E 5%
2781 supervised learninge] ISR 717 845 B A2 ThE labelE 714
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SVM Prediction
Walk Jog Waddle Stump Sprint
Walk| 100% - - - -
E Jog - 90% - 10% -
o
5 Waddle - 10% 90% - -
B
= Stump - 10% - 80% 10%
Sprint - - - - 100%

1% 4.8: SVM ER7]9] B A gitof gt confusion matrix

& @7t Ao = PCAS ol SAM 2a 24 a3t o A g3t
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Response
Walk Jog Waddle Stump Sprint Nothing
- Walk 83% - - 2% - 15%
£
': Jog 7% 58% 5% 17% 2% 12%
.2
§ Waddle - 28% 32% 22% - 18%
©
-% Stump - 7% 25% 65% - 3%
S .
Sprint - 2% 2% 3% 83% 10%
19 4.10: ¥ B A g3 B2 confusion matrix
Response
Walk Jog Waddle Stump Sprint Nothing
Walk 83% - - - - 17%
2T Jog| 8% 55% 18% 13% - 5%
® &
£ w
'g S Waddle - 18% 23% 40% - 18%
2%
<= Stump - 3% 50% 47% - -
Sprint - 7% 3% 3% 82% 5%
13 4.11: 2AF B8 A §3F B2 confusion matrix
Response
Walk Jog Waddle Stump Sprint Nothing
Walk 88% 2% 2% - - 8%
3
2 Y Jog| 5% 65% 12% 18% - -
€&
'g w
5 Waddle 3% 12% 63% 15% - 7%
o s
< O
s = Stump - 13% 48% 37% - 2%
o
Sprint - 12% 7% 3% 60% 18%

1% 4.12: Random

sampling ) 2 §3} 25 confusion matrix
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4.3.4 A A}

I [.10, 411} H12E ol 2 2 aypd 25 Ade] AL E dmEA)

il

ASEL SUT AFE A4 SHol BUE A9 vlgolt. Ak YR

fl

A}, random sampling =4 G131} 37F2] 5 83%0l|A 2HIE BE &5 5}
718 55%0]A) &ut2 B22 5ttt A8 A FE random samplingo]] ts 60%2]

HeEE Bl AL Addshd 9B w4 Gie} 24 A FI BE 82% o]4e]

Walk Jog Waddle Stump Sprint

Original 93% 61% 50% 59% 98%
Approximated 91% 66%  25% 45%  100%

Random Sampled 91% 63%  48% 50%  100%

2, 24}, random sampling T ¢lo] o5& BFT YL X 4 ek ol
wel 943 I FE0] 718 TR €T ST KPO2 FPste] A

19 E13 14 15 54 o @48 @ 72 68 59 $9o= 7
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Response
Waddle . .
Walk Jog +Stump Sprint Nothing
Y]
g Walk 83% - 2% - 15%
Ll
<
.‘g Jog 7% 58% 22% 2% 12%
0
= Waddl
- adgeter . 18% 72% : 10%
£ +Stump
=)
'c:) Sprint - 2% 5% 83% 10%
19 4.13: Y2 B 4 g3 B2 confusion matrix
Response
Waddle . .
Walk Jog +Stump Sprint Nothing
Walk 83% - - - 17%
2%
e & Jog| 8% 55% 32% - 5%
8 5[ wadd
- I 1% 80% i 9%
& S| +Stump
Sprint - 7% 7% 82% 5%
19 4.14: ZAF B8 A §3F B2 confusion matrix
Response
Walk Jog _Y‘;ij::i Sprint Nothing
E; Walk 88% 2% 2% - 8%
23
£ Jog| 5% 65% 30% - -
£ 5 Wadd
- ace® 2% 13% 82% : 4%
T < +Stump
[4*]
e Sprint - 12% 10% 60% 18%

719 4.15: Random sampling ® 3§ 24 G317 EZ confusion matrix
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SVM Prediction
Walk Jog Waddle Stump Sprint
Walk| 100% - - - -
E Jog - 90% - 10% -
o
5 Waddle - 20% 50% 30% -
8
= Stump - 10% 20% 60% 10%
Sprint - - - 10% 90%

19 4.16: Comp. #55 A LJ5t¥= W SVM 77| k5 2%

$AF8171 waddiew stump 7r9] B5o] BASASE 1T & 9.

Random sampling2 53} AAH 2 3} Z sprint 5 0] =4 g1} tffs
AstEs} BolA) BA7} Qlglat] ol @ BA T} A7) o He B §H0z
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o 4% 24 BNEY oUT BY RO LANA PETiE SH B 5%
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