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Extraction of Motion Primitives and Automated Buyo-fu Assignment
Takashi Yukawa**, Naoko Obara*** and Hideo Tamamoto***

Abstract

We have proposed a human motion description method using Buyo-fu, which aims at establishing a new recording
method of human motions and re-using a time series of three-dimensional human motion data(mocap data) obtained by
using a motion capturing system. The mocap data can be partitioned into some basic motions. We assign a code to each
basic motion, and call it Buyo-fu. We can efficiently describe the human motions by using Buyo-fu. At present, we have a
problem that it takes much time and effort to make Buyo-fu, because only a person who has professional knowledge about
the concerned motions can extract Buyo-fu.

In this paper, we propose a method which can automatically extract Buyo-fu from the mocap data. In our proposed
method, 1) a series of the human motions is partitioned into the basic motions based on the speed of the motions, 2) since
we consider that similar basic motions appear several times in a series of motions, we do clustering the obtained basic
motions, 3) we assign a label to each clustered basic motion, and call it a primitive motion, 4) we can express a series of
motions by means of the concatenation of the primitive motions, 5) when we can find out the same pattern of the primitive
motions in the human motions, we define this pattern to be a new primitive. Each primitive motion which can be obtained

using our proposed method can become Buyo-fu.

Performing the experiment with the typical form of “tensho” and “sanchin” of Karate-do, we show the proposed
method is a good candidate for automatically extracting Buyo-fu from the mocap data.
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Fig.2  Position of sensors.
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procedure Decomposition(c: array([1..2'] of reals)
¢ «cl ()"
g <7
while g =2 do
DecompositionStep(c[1 .. gl)
g« gl
end while
end procedure

procedure DecompositionStep(c: array [1..27] of reals)
fori< 1to2/2do

c'[i] « (c[2i- 1] +c2iD2'?
[ +i] « (e[2i - 1] —¢[2i]) 2172
end for
c ¢«
end procedure

Fig4  Haar Wavelet decomposition procedure®.

procedure Reconstruction(c: array([1..2] of reals)
g2
while g <2 do
Reconstructionstep(c[1..g])
g2
end while
c «c(2y”
end procedure

procedure ReconstructionStep(c:array[1..2] of reals)
fori« 1to22do
c'[2i - 1] « (e[il + e[2/2 + i]yf 2*7
e’ [2]] <« (c[il - e[22 + i]y 217
end for
c«c

end procedure

Fig.5  Haar Wavelet reconstruction procedure'®.
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Fig.7  Clustering procedure.

procedure findpat(pri:array 1..plen) of character,
minpatlen: integer)
for n =1 to prilen-1

A € pri[n+1..plen]

B € pri[l. plen-n]

¢ € getseq(A==B);

p € find(c>minpatlen-1);

for m € 1 to length(p)

pos € p[m]

Here, we can notice that sequence prifpos..pos+c[pos]-1]
appears at position pos and pos+n.

endfor
endfor
end procedure

procedure a = getseq(a:array(1..alen] of character)
for n € alen to 2 step -1
ifaln-11>0
a[n-1] € a[n-11 + a[n]
aln] €0
end if
end for
end procedure

Fig.8  Pattern detection procedure.
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Result of motion analysis | (tensho).

_af ]
. L L .
500 800 00 e 80 90
T T Y T
113 1

-1 i I 1. ]
s00 500 0 fime 300 300 Toce
o m™ ! 2 i i c [l 20 ]
} D |
(d)
Py, Ly ]
0 —— P, A W e Ao oA b
500 800 0 ime £ 500 100
r — : :
o /\ ]
"\,\/'\ L/ ._/—\‘,_\\
@ ] -
-2 3
) N SN .
1000 1160 1200 gme 1300 1400 150
: — 1 .
w0l

L . i .
1000 1100 1200 gme 1300 1400 150
2 : v -
i SRS S a— Moy
z
(©) o \
-1 . . . ,
1000 1100 1200 gime 1300 1400 1500
— —— T
of 2 24 g op fos] 12 2 2 [ » s 12 |24
] D’ |
(dy
of W ]
adeA L L o
1000 1100 120 e 1300 1400 1500
T — v y
of
~ IEN
(a)K_W\Hﬁ_,/ ~d
_aaf
1 1 L i
1500 1600 70 ume 1800 1900 2000
r T . T
10f ]
— T e— e
oF T 3
by — Sa Nl
-10F 1
s | i
1500 1600 0 e 1800 1960 200¢
20 Y v A n——
10 ‘_,\ / /\/
1
(€)' o N
-10 . . e . i
1500 1600 170 fime 1800 1300 2000
of 25 e ] & T A 1314
o ]
(d)
2F
q DY SR WY T "“h
1500 1600 0 me 1800 1900 2000

Fig.10

Result of motion analysis 2 (sanchin).



Akita University

BT 354 THIM & BB A TOEENML 39

Table 1  Experimental results
motion name tensho sanchin
# motion boundaries
# motion boundaries
(detect) 61 56
# motion primitives 41 41
# <=5frames(0.17sec) |36 (55.7%)| 23 (47.7%)
# <=10frames(0.33sec) |48 (75.4%) 29 (61.4%)
# <=20frames(0.67sec) {59 (93.4%){ 36 (77.3%)
# <=30frames(1.00sec) |63 (100.0%)] 43 (93.2%)
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