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A Instrumented Puppet Interface
for Retrieval of Motion Capture Data

Naok1 NumacucHr ,t Atsusnr Nakazawa O 112
TAKAAKI SHIRATORI % and JEssica K. Hopcins™

Intuitive and efficient retrieval of motion capture data is essential for effective
use of motion capture databases. In this paper, we describe a system that al-
lows the user to retrieve a particular sequence by performing an approximation
of the motion with an instrumented puppet. This interface is intuitive because
both adults and children have experience playacting with puppets and toys to
express particular behaviors or to tell stories with style and emotion. The pup-
pet has 17 degrees of freedom and can therefore represent a variety of motions.
‘We develop a novel similarity metric between puppet and human motion by
computing the reconstruction errors of the puppet motion in the latent space

of the human motion and those of the human motion in the latent space of the
puppet motion. This metric works even for relatively large databases. We con-
ducted a user study of the system and subjects could find the desired motion
with reasonable accuracy from a database consisting of everyday, exercise, and
acrobatic behaviors.
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P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2

right punch 5(4) |4(4) | 505) | 43) | 50G) | 50G) | 43 |33 | 5@ | 1(1) [33) |32
squats 00 | 0@ | 43 |32 |0 |0 | 2@ | 4@ |4@) |31 |0 |2(@)
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climb 2 steps 3@3) (3@ | 4B |53 |00 |0@© | 5@ [506) |56 |4@) |4@) |10
point by right hand | 3 (1) | 2(0) | 5(4) | 5(3) | 2(0) | 32 | 5() | 5(G) | 56G) | 56) | 4(2) | 3(1)
sit on high stool 3(1) [ 3@) | 506G) | 56) |00 |0@© | 5@ |43 |43 | 5@ |4@) |31
sit and swing legs 505) | 50G) | 4@ | 56) |00 |0@© | 56G) |506) |56 |56 |22 |3@2
hand on chin 5(2) | 2@ | 3B | 2@ |00 |0@© | 1) |31 |54 |50 |44 |4@
drink soda 3@3) | 2@ | 4@ | 3@ |00 |0@© |50G) |54 |54 |5 |10 /|0(©)
Average 3.5 2.8 4.4 4.3 1.2 1.5 4.2 4.5 4.8 4.4 3.4 2.4
(2.4) | 25) | 8.7) | (8.6) | (05) | (0.9) | (3.9) | (3.9) | (4.4) | (3.8) | (2.3) | (1.6)
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point by right hand 16.2 6.6 135.8 2.4 4.8 47.0
sit on high stool 67.4 12.4 143.8 19.0 23.6 70.4
sit and swing legs 1.8 1.2 106.6 1.2 1.0 33.4
hand on chin 5.6 12.8 86.2 33.8 4.2 6.0
drink soda 15.6 12.8 179.4 1.0 5.2 106.4
Average 42.6 19.0 110.8 23.3 7.4 52.3
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MSM MSM DSPM DSPM
+Jvh | (PCA) | (PCA)+Jvh

right punch 0 (0) 1 (0) 2 (2) 3 (3)

squats 1(1) 1 (0) 4(2) 4 (3)

wash window 1 5 (5) 5 (5) 5 (5) 5 (5)

wash window 2 5 (5) 5 (5) 5 (5) 5 (5)

side twists 3(2) 2 (2) 4(4) 5 (4)

climb 2 steps 4(4) 4 (3) 4 (2) 4 (2)

point by right hand | 5 (2) 5 (3) 5 (4) 5 (4)

sit on high stool 3 (3) 3 (3) 2 (1) 3 (1)

sit and swing legs 5 (3) 4 (3) 5 (4) 5 (4)

hand on chin 0 (0) 1 (0) 4 (3) 5 (3)

drink soda 4 (1) 4 (1) 3 (3) 4 (3)

hand stand kicks 3(3) 3(2) 5 (5) 5 (5)

backflip 3(2) | 41) | 4@ 4 (4)

cartwheel 3(2) 3 (1) 4 (4) 5 (4)

spins 00 | 0(0) | 0/(0) 1(0)

handstands 4 (3) 3 (1) 3 (3) 4 (3)

somersault 4(2) 4 (1) 3(2) 3(2)

jump kick 2(1) | 2(0) | 0(0) 2 (2)

front hand flip 4 (4) 4 (2) 5 (5) 5 (5)

rug pull fall 5(2) 4 (3) 5 (5) 5 (4)

Russian dance 1 (0) 1 (0) 5 (5) 5 (4)

breast stroke 0 (0) 0 (0) 5 (5) 5 (5)

free style 0 (0) 0 (0) 5 (5) 5 (5)

back stroke 1 (0) 1 (0) 5 (5) 5 (5)

fly style 1(1) 1 (0) 5 (5) 5 (5)

Average 2.2 2.6 3.9 4.3

(1.4) (1.4) (3.5) (3.6)
04 0000000 10 (sec).
DTW SM(PCA) SM (GP-LVM) MSM DSPM (PCA) DSPM (GP-LVM)
57.1 8.6 189.7 0.2 2.9 157.7
05 0000000 20 (sec).
MSM  MSM + Jvh DSPM(PCA) DSPM(PCA) + Jvh

Matlab R2008b 1.7 7.1 37.1 43.0
C++ (Visual Studio 2008) 0.0023 0.0093 0.54 0.76
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