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Designing Custommade Metallophone
with Real Time Eigenanalysis

NoBUYUKI UMETANI, 113 KENsar Takayama, 113
Jun Mrtant’3 and Takeo Icarasnhifh3

This paper introduces a method for the integration of real-time finite element
eigenanalysis into interactive geometric editing. This facilitates the design of
custom-made metallophones. The design of metallophones with arbitrary bar
shapes is difficult due to the uncertainty involved in predicting the tone a shape
will produces when stuck with a mallet. Our method addresses this problem by
running a real time numerical eigenanalysis during interactive geometry edit-
ing. It continuously presents predicted tones interactively to the user with both
visual and audio feedback, thus making it possible to design a plate with any
desired shape and tone. An informal study demonstrated the ability of a techni-
cally unsophisticated user to apply the system to complex metallophone design.
We demonstrated the system in a science museum exhibition and observed that
it is also useful for educational purposes.
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Fig.1 A custom designed metallophone in the shape of a fish.
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Fig.2 Metallophone design software. The left window is used for the original 2D design, whereas

|Position has chaneed. no Min pane size = 0

the right window shows the analyzed eigenmode as 3D graphic. The tone is updated in real
time with both audio and visual feedback for the user.
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Fig.3 The modeling operations of our software: adding and deleting a point, dragging an arc and a
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Fig.4 Perpendicular vibration mode is desirable (left), whereas in plane vibration mode is

undesirable (right).
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Fig.5 The process of producing a metallophone: first, cutting the metal plate; second, adjusting
the tone by rasping; finally, attaching the plate to a wooden board.

0o0oooooog Vol 52 No. 4 1599-1607 (Apr. 2011)

4. O g

4.1 FEMOOO
gobooooooooobobooobooooooboobooooooobooboOoooooDoonoa
goboobooboboooboobobooebbOoobOoOobOOObOOObOOObOOObOOO
gooboobobooooooooboooobooboOoooboboOoOooooobooOoboOoooDoDoo
gooooboooooooooboooooOoOobob0ob0ooobobOOobO0ooboobDOCOoOooOoDbon
ooooOO0OO0O00000O0O0OO0O00000000 FEMOOOOOOOOOOOOOOO
goooooooooooooboooooobooboobOOob0ooooooOooboOoooDbono
goooooooooooooooooooboobooOobooooooboobooOoooooOooOoOno
ooboooobooooo400000000O0C0O0O0OO0ODOOODODO
EII:II:II:II:IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEI“ShearLocking””)EIEIEIEIEIEIEIEIEI
gooooooooooooooooooobooboooooooooooooooooboonoo
gobooooooooooobooobOOoooo 2000000000000 O0O0O00ODO
goooooooooooo 20000000000000000DO00O0O0O0O0O00O0DO
goooooooooboooooooboooboooooobooooobooooboOoooooDoDoD
goboooooboooooooooooboooobooooooobooobobooo

4.2 0000000
ooooobooobooooooboobooooobobooOoOoOoOooooobooOoboOoboboooo
ocooooooboooooooooboobooooooboboooOoboOoboOoOoooboobobOoOoo

(2BomEHESR |

.
150mm
06 FEMUOUOOOOUOOODOOOOOOOODOOOOOOOOOOOODOOOOOOOOO 2000000

ooooooo
Fig.6 The mesh used in FEM discretization. We use double-layered tetrahedral elements extruded
from a triangular 2D mesh.
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Fig. 7 The smoothing of mesh using Laplacian smoothing.
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Table 1 The performance of our system during interactive mnipulation, tested with a 2.5 GHz CPU

and 2.0 GB RAM. The first column shows the size of the rectangular metallophone plates,
the second shows the number of tetrahedral elements, the third shows the frame per second,
the fourth shows the frequencies (Hz).

Sizell mm0O #Tetrahedra | FPS Frequencyl Hz0O

100 x 30 2,196 10.7 1,931
150 x 30 3,192 4.2 860
200 x 30 4,524 3.3 494
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Fig.8 Metallophone shapes designed by an artist. The upper row shows the designed 2D shapes,
whereas the lower row shows their analyzed eigenmodes in 3D.
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Table 2 Target, simulated, measured, and adjusted frequencies (Hz) of the metallophone for each
note in the scale, illustrating the accuracy of our analysis.

Scale C D E F G A B

Targeted 523 | 587 | 659 | 698 | 783 | 880 | 987
Simulated | 525 | 588 | 661 | 699 | 786 | 880 | 989
Measured 506 | 604 | 621 | 698 | 787 | 860 | 993
Adjusted 523 | 587 | 659 | 698 | 783 | 881 | 987

oooooooooOoooooooooOooOOoboO0oOooooOobOOoO0oooOOorOoOODbOO00n
goboooobooobooooooooboooobo@m3boooooboooooooooOooonn
gobooooboooooobooobooooOoooboooboboobOooboOobOOoOo 20000
gobooooooobooooooobooo
gooooooooooboooooobooOooooooOoooobobooooobooOobooooo
ooboooooooooooooooooooOoooboooooboooooooobooooDooboo
gooobooooooooboooooooboobooooooooobooboOoooooDoobOoo
goooobooooooooooooobooooooooooobOooboobooobooDo
gobooooboooooooooboooobooooboooboooooo
goooooooooboooooobooooooobooooooboboooooDooDon
goooooOoOoOD 000000000000 0OO0CODOOOOOODOOOOOOO
gobooobooboooobooboobooooooboobooboboboooOoDbOobo
gboooboooodoboooodoboooooooooooooobooooboooooDo
goooboooolgoooooooboooooooooooooooooboooooooa
goooooooooooobooooooboooooooboobooooooboobOoOooooDon
goooooodoooooooobooooobooOoooobooOoboOobooDOboOoOooooDoo
gobodoobooboooooobooobooobooboooboooobobO0 100b00D0OOo
booooooooooooooboooooobooooooobooOoboOoooooOobOoooooboo
goooobooooobooooooooobooooooooOobOoooboOobo0oooooooboo
goooobooooooobooooooobooOoboobooooooboboboOoooboooDooOoDboo
goooboooooooobooooooooOoooOobOoOo0ooooobooOobocOoooooDooboo
goboooooboooooooboooooobooo

(© 2011 Information Processing Society of Japan



1605 OO0OO0OO0OO0OO0OO0O0O0O0O0OOOCOOOOO0O0O00O0

09 0D000O0O0O0OO0O0OO0O0O0OO0O0OO0O0O0O0O000
Fig.9 Exhibition in the Miraikan.
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