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Design study of a humanoid saxophone-playing robot: An approach informing partner-robot design
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Abstract  This paper summarizes design insights gained through the development of a saxophone-playing robot and reorganizes them as an inte-
grated design approach grounded in a product-design perspective within bio-robotics. By employing design abduction to reframe prior assumptions,
we revisited the holding and blowing conditions of the instrument and coupled them with an evaluation framework grounded in the harmonic
structure of the produced tones. This approach led to verifiable improvements, including downsizing, enhanced maintainability, an expanded prac-
tical pitch range, and greater stability in the low register. In parallel, we concisely review the lineage of musical-instrument performance robots and
clarify a human-normative viewpoint that informs partner-robot design. The paper is intended as a short research note that consolidates prior results

and articulates a practical, design-oriented framework that can support subsequent development of partner robots.
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DFRiEE, N7 v — FiEZEr Ry b TWF] (Waseda Flutist
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TWASJ (Waseda Anthropomorphic Saxophonist robot) @ Fi¥&
~EFEL 291,

From left: ERS-300, ERS-220, ERS-110, ERS-210, ERS-7

2 "AIBO" [10] (Sony Group), adapted from author's previous
publication in Sony Group: ERS-300[11], ERS-210[12], ERS-7[13-16]
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(a) "WAS-X" (b) "WAS-5" and "WAS-X"

3 "WAS-X" Hardware Platform Appearance[18]
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WF-4RIV
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Defining Human Motor Control during Saxophone Playing

Enabling Human-Robot Interaction

a

1990 2000 2010

X 4

Evolution of the “WF” Series (Waseda Flutist Robot, Waseda Univ.)

—timeline of key mechanism updates in blowing, embouchure, and fingering. Redrawn by Author

WF-4RVI WAS-1

2007 2009 2010 2011

Defining Human Motor Control during Saxophone Playing

Generalized wind player Enabling Human-Robot Interaction

X 5

-
2007 2010 2015

Evolution of the “WAS” Series (Waseda Anthropomorphic Saxophonist robot, Waseda Univ.)

—timeline of key mechanism updates in blowing, embouchure, and fingering. Redrawn by Author
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[ 1. Hypothesis Formation

!

[ 2. Exploratory Modeling

l No Sound Production T

[ 3. Rapid Prototyping & Verification ]

] Simulate instrument handling,
sound production, and fingering.

Test for basic sound production;
refine through iteration.

l Sound Production

Analyze with FFT;

[ 4. Harmonic Structure Evaluation ] i
feedback into development.

6 WAS-X Development Process Overview[4]
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(b) "WAS-X"(D # 3, multiple keys closed)

7 “WAS-X” frequency spectrum: fingertips’ impact[4]
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Clarifying Human Motor Control during Saxophone Playing

Enabling Human-Robot Interaction

8 “WAS-X" development roadmap. Milestones linking mech-
anism updates with harmonic-structure evaluation and practical out-
comes.
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9 Performance robot: Sketches and prototypes (Waseda
Univ.). A visual summary of stage-oriented prototypes that connect ex-
pression and function.

(a) "QRIO: SDR-3X"
Height: 500 mm

(b) "QRIO: SDR-4X"
Height: 580 mm

10 “QRIO” (Sony Group, Yamaguchi Robotics Institute)[33,34].
Adapted from author’s previous publications. An example of prod-
uct-level integration of functional and affective values.
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