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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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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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Defining Human Motor Control during Saxophone Playing

Enabling Human-Robot Interaction
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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 2015

Defining Human Motor Control during Saxophone Playing

Generalized wind player Enabling Human-Robot Interaction

-
2007 2010 2015

5 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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6 WAS-X Development Process Overview[4]
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7 “WAS-X” frequency spectrum: fingertips’ impact[4]

142



RS ERB RS RS
5 N—tF—m Ry PO EH

Aoz, ANMIEY 2 v 7+ viliZEan Ry + TWAS-X] OF
HCcHBONLFRF LoMB L, =+ F—u Ry bHAFICBE
TG & LTHMT 2, 4 BTz X 5 TWAS-X)
Tt HBHORIMRIFLHE L L, HEFOREEOMGH
&AL e U CEREHHIBT R T . 2 O FRl & A % 7 B I IR
E LGS E DN 1T 2 72 T DIl Y] v 2 H K25 Y
ZL—Iv 7L LCHREL., el F—dfi o I %@ U 72
WEILHG LT,

wAs-X] RER—F<v 7

[WAS-X] OFFZBEL T, T b - F 7Y 75 v HHEE
WX o THEDICRR - W - HiETE 2 X5, HEREOL
A7 P RPELEEIEBICHEIN TS 2 28w TR
LT AR DICEEE S 2B 2 BT 20Ky b ORISR
. BERRREHIC B W C A 2 HH & LC & e Ao RREH R
HEEMN 2 GEAEETHH o7,

¥ B2V 74 VIIAMBEBICHEERRETH L0, ¥
7Y 74 viEFEuRy P OWERFEICE TR, Ao S k%
HEtosHeT AL LUGRHATE 2AREERH 2, ThbDL,
BAFHE A & 25 AU & 3 U C AR O fREF - IRZE - 35 & v o 72T
KT 2 2 ic k| FIEHEE~ D RE 2 FL T e £ <
DRDEXREL LN TE S, 20X 5 EBIEFEAZ L T,
ORT 4 7 ZAFKEHCET 3 - mmBnE LN D 2 L
Tz (X8),

Clarifying the mechanisms of the human body and mind

E Human-like

£ Holding, Blowing,
Fingering et al.

Saxophonist

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.

N—FrF—0OKy PR

l1EChiR7ZX51c, ANXOHEAEEXET S [X—1+F
—a Ry b ROEEHRCEWTHIRERTFEL R>TE .
) LA, vRT 4 72Ty =T iIKMaT 7
Z7FTFHEAF=bBML, THFA v FEP 7 0 2RI
WKEHEI N TWw3, ZoZ e, = FF—uFRy MiXicE
WC, BEREMEDERIC 2. BIRTED HEAERICR YO0 H
52 LERRBLTNS,

TWAS-XJ 1%, /NEL, tRsftho i Lk X OEHEE O
L, 2—F—Afvx7 7y avifiongElkz B LoD
Hb, L2Lars, HEECEABUHREL VIGEL T
T, T, TRXI P THEAF-THDLEENHEG LT
L0, WhWEAEA Y v I ERLE LEREREDBRIIIT->

Bulletin of Advanced Institute of Industrial Technology Vol 19

T, HLETAAA4 - ukF 4 7 200 H T, A
M GHZE) 2L L, EEBE. BEEMONN, HEH
FEOFE, T LICAL OWBRBPICHE I WAy F7w b &
AV I XTI 2B RBEOEEARS + I 1y
Mric X 2 5@ 81 72 3Tl 2 R IC RS 2 it T % 7=,

WERDEETFEICRRE T 34 7T 2% PEL, BE RS %
M T 27200FRELTCTu X P FHFA Vv FERZEHL
oo FICTY 71— vy GREOFME) | %@L <. &alo
MM EZFER L, N4 - 0 R T 4 7 2281 5 EW /1
BoOFFICBNT, 7 X7 b THA VDT Tu—FREIC
WREdT 2 2 L 2R LT,

INO ORI, EKEEE Ry b LCOFERIIC L &
IO A=t IRy FHERCBTIHRANT T —F 0
TS BT 2HAEZRLTW 3, [WAS-X] ofiFTHE LN
TR, S—FF—u Ry MBI BHEEENE & BIEH: O
ICOPICEHBN LIS 2 22 RET 3 2 L i3, SBROEEHETDH
%o

AT Tk, FFHPFOGEMTEE (BR) ChFIcEb 72
FBRREEE®T 7 Faxz—2%FHLZ [ X7 r—vv R -0
Ry bl &, 0B/ =—INA—=7TTu X7 b THAF—/
FTHA vy =T e LTHlbo [z v2TF4 v Ay raF
v b DwTili, TWAS-X) fFEEE 2., X—FF—v R
v FRFE~DRBICE R AL D,

FREEEET/Faz—2%ERALEN7+—2X - 0O
Ky PR

1985 FE o EFRF AR E S (o <1 '85) [30] Tk, MR
RRKTHFA v REMET ALY aF—=DuFRy b3
FERIN =T DNV Y (BRRRy b T £—) CTHES
., TWABOT-2] (%K) dfEhTw3,

—F. 1984 fFE A L FOEHIFTRE (BK) Tik, FH o187
OX 7 N TFHFAvDOTuRREFEREAL, BRTEAET
VFaL—R AL [~X7r—<v R -mFRy ] OFF
BEDT W3], THEAvave T EVYEL, TAFT X
Ty FEER (K9 (), BEEZAT A vEvy 27 v 7%
ERt%. BIfE7 m b 24 7R HIEL 72, 72, SDEIC L 288
BoOBETm + 24 7 OFHTM b A 5T 5[32],

THEAVEY Ty 7 (K9 (b) H) EEfETm 247
(K9 (b) /&) #IbERT 3 &, ABIA A= (4 X, FERE
CREGHESRONS, ZZTRESEZHLE2DOTIERL,
BIREEBLRE L =2TFFAvEYy 277 v 7L B2 EE L -
FE7 0 b 24 TOHEA X =P DENITONWTEEST S,

T DX A AHE BT RS CIAEE I A S 5 A3, moR
vy FHBICEWTA—=FY 2T 7Ty b 74— L DR ILHE
RSB S, AR Rz v =T IcE R b b,
BEEEHIK O+ B R 7a X2 F THA F— K%
BHESTEZ L 3L, R E LTHMEA A =Y 3R v
STHBERELEA—F Y 2T 7Ty b7+ — DRI
WEEZTD,

RKIAT7Zr—~wvR-uvRy ] EFKCE, PIHICETex
IJEYTFTHAF—L LTCTATTAT YT hoTHFAVvEY Y

143



RRBIULEERMAERKT

Ty 7 REY L, BTy =T S LTCEET R b &
A T OWESERT o 72, IMEA A — 2 D& R, VIR I3
5 AN =X LBREDAR N5y & BRI IC BT 2 REAF LD
AERRCERT S EHAZONE, LAL, &9 L3R
A4 DHEDRFAE NS XY, TuX s b FHFA v vy =
TV Vv I7ORET e  AICHTET 2 EENREE LTtz 3
DERD 5,

(b) Back left: scene sketch, back right: Rendering, front right:

image mockup, center: Design mockup, left working prototype

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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