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Development of a Theremin Player Robot

Based on Arm-Position-to-Pitch and -Volume Models

2007

TakESHI MizumoTo,! Hirosnr TsujiNo, 2
Toru TakAHASHI, ! KAzZUNORI KOMATANT, f1#1
TETSUYA OcGATAT! and Hirosur G. Okunof!

We present a theremin player robot towards an ensemble between humans
and robots. A theremin, whose pitch and volume change continuously, can be
played without any physical contacts. We thus expect that a robot system has
high portability because it requires only few physical constraints. The problems
for theremin playing are: (1) we have no physical reference points and (2) an
environment affects sound characteristics seriously. To solve them, we develop
a model-based feedforward arm control method based on our novel models of
theremin’s pitch and volume characteristics, which method realizes play an ar-
bitrary sound using a few measurements. Experimental results show that our

method works under four environments and three different robots.
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Fig.1 Picture of a theremin.
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Fig.2 Example of theremin playing.
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Fig.3 Internal structure of a theremin.
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Fig.4 Configurations for experiments.
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Fig.6 Theremin’s volume characteristics.
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Fig.5 Theremin’s pitch characteristics.
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Fig.7 Overview of our volume model.
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Fig.8 Overview of our thereminist robot system.
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Fig.9 Result 1: Error when the number of training data varies.
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Fig.10 Result 2: Estimated pitch model under different environmental capacitances.
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Table 1 Result 2: Estimated pitch model parameters and errors.

Condition 6o 61 02 03 MAE
0 56.78 4.65 1.70 x 10'*  79.55 7.91
1 39.36  3.97 2.73x10°  193.0 3.05
2 30.20 3.42  1.44 x 10%8  279.2 3.21
3 71.17  5.86 4.39 x 10*®  807.2 10.7
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Fig.11 Result 3: Volume control error under condition #3.

6.3 U0 30000oOo0oooooooouonDon

goooooboooooooboooooboobooooooboOoboooooDboooDboo
goooooooboobooooooooooboooobobob400005000N =410
M=d+1=60000000000000d050000000000000000O0
goooboooooooooboooooooooooooooooooooooooooboo
gobooboobooobooboooboobbooob 3bbouobooboboOonbo 1000
obooobodoobs3stoobooooooboooob 2000000000

gobooooooooobooooooobobooooobo sbobo0ooooboob110004aon
gbobooboobooobooooobobooooooobooooOoboobOobOoOooOoDo
ooboooooooooboooooobooboOobOOoO0bOoOo0oOooOoooboboOoobbooDboo
goooobooooooobooooboooooboooooooooooooOoooooDbonoo
gooooooooooooooooooobooOooOobOoOooooooboooOooooDoono
goooooooocoooooooooooboooooooobooooboooooooDbon
goobooooooooooocobobobobooO nnoooooooobooooooooonn

(© 2010 Information Processing Society of Japan



2016 OU0O0OO0OO0OOOOOOOOOO0OOOOOOCOOOO0O0O0O0O0O0O0COO

0000000 25[dBj0000D0000000000Oo0o0ooUoooooooooDO
0000000000 30-50dBjOD0000D0OD00OD0ODO0O0ODODOODOUOOOODOO
0000000000000 00O00O0o0oDO00 30dBOO00OO00DOOoOooOoo
gboooboboooboooobooboooboobooboboooboboboobobouDbo
gboobooooooboboooooboooobooboboooobooboobobooDbo
gooobooboobooooboobobooboobobbobboboobOoo
000000000 3s[dBjO0U s50dB|OU0000000OUOOOO0OOoUOOOOOO
gbboooboobooooobooobooooooboobooboooobooboobobo
gooooooooooobooboboobobobnobobooooo
64 O0400000000000DOODOO
goooboooooboobooboobooboo 3sbooboobooobooboooooD
O ASIMOOOOOOO HRP-2O HIROOODOOODOOOOODOODOODOOOOOOO
00D000000D0O0D000O00ASIMOD 300000000000002%0HRP-20
HIROOOOOOOOOODOOOOODOODODOODODODODODOOOOOoDoDOoOoooO
gobooboooooboboobooobobo11200b000oboobooboboobobDoOoo
goboboooooobooboboboooobDoooboOobobooboUooOoDD 120
000 CcCODOoooooono 700oooOoOoo cocrooooooo
goboobdobobbooboobuoobobboobobooDb =z0x, 00O0ODOOODOO
ASIMOOO00ODODOD 30000000000 0DODDO000ooooooooogg
000000 r1 = (z1,y1,21) 0 r2 = (22,y2,220) 0000000000 +¢0000DO
r=r1+t(r1 —rz) (16)
gobooobooooboooboooobooobooobobooobooonon zpdx,
goboogooooooooooo
gooobooboooooboboobobobooobbooboobooboobobobooo
oo0ooooooooooooooUooUo 3goUoo(n)yooo@UuooEB)uooo
0000000 (1) U0000U0000 ceent0 0000020000000 (3)0O0O
goobooboobooooooboboobooooobobomboboooobobobooo

012 00000000
Fig.12 Score of Frog Song.
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Fig.13 Result 4: Pitch trajectries of three robots and a human.
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