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Development of Efficient Shoulder Assistive Device Utilizing
Scapulohumeral Rhythm Characteristic
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Abstract: Exoskeletal assistive devices designed for human motion assistance must ensure user
comfort and minimize resistive forces during movement. This requires the devices to be compact,
lightweight, and structurally simple, while maintaining consistent alignment between the rotational
axes of the device and the user. Although the human shoulder is often simplified as a spherical joint
that only considers the glenohumeral (GH) joint, it actually consists of a complex structure known as
the shoulder complex, which includes the scapula and clavicle. Designing an exoskeleton shoulder
joint as a simple spherical joint leads to rotational axis misalignment during movement, resulting in
discomfort and joint pressure for users. To address these misalignment issues caused by the move-
ment of the shoulder complex, we analyzed the GH joint center’s movement during upper arm motion
and performed Principal Component Analysis to develop an efficient mechanism that compensates
for GH movement with minimal structural complexity. Experimental validation demonstrated that a
simple rack-and-pinion mechanism can effectively compensate for GH movement, maintaining
rotational axis alignment and reducing resistive forces during motion.
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[Fig. 1] Shoulder complex structure and Scapulohumeral rhythm
(SHR) characteristic
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[Fig. 2] Coordination system and vector for GH joint center
estimation
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[Fig. 3] Optical marker location for GH joint estimation
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[Fig. 4] Measured trajectories during shoulder flexion-extension
motion and planar projection result (a) elbow joint center
trajectory, (b) estimated GH joint center trajectory
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[Fig. 5] PCA results for GH joint trajectory during shoulder
flexion motion

[Table 1] Coefficient matrix of the PCA for the GH trajectory

PC1 PC2 PC3
X -0.3300 0.7730 -0.5418
0.2576 0.6259 0.7361
0.9082 0.1033 -0.4057

[Table 2] Coefficient matrix of the PCA for the SHR motion

PC1 PC2 PC3 PC4
X -0.3332 0.0806 0.6091 0.7152
y 0.1848 -0.0002 0.7890 -0.5859
z 0.6430 -0.6957 0.0796 0.3102
0 0.6643 0.7138 0.0090 0.2214
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[Fig. 6] The rack-and-pinion mechanism to realize SHR characteristic

[Fig. 7] Arm weight assistive device utilizing SHR characteristics
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[Fig. 8] Experimental setup to validate the effect of SHR
compensation mechanism

o MAE Hasfotr] 915 oA 1% ol o}/gol =4 R1=
Ao & 8wl om of 7] F30°0]|4] 120°4}0] S 53] WHE:
She B9t} Aot 45 AkE Fs ézé ahiet.

[Fig. 9= o7l 2411 52 8 F SHR B4 2 -7

of et A B27]7] B3 2ot AR A S A4S 24

g Avtolch. 7+ TP o] 72 Al e AR B 27 7|9 ALE:
2} 432k AJo] 27} J8ts] YA|she oA el 95 LEh]
o Wb A2 A4 Y AT Uehdch Ak Jg e
SHR EAT27F §l= 7492 Aol b2 SHR HIAYS
o] Sl= 7372 Zxtoltt. 74t ApolA A At SE 4
= 7% ol 23 12000 A H27]7] 33 Z1e0) Wt gk
Z¥ZF 100.6°9F 120.5°% Yl FEEAE gh2 2.64°9} 1.53°
2 Uehidth. SHR BAT-27} gl 49 ol 23 2twrt
Z71tol et A3} e oAt 5ok Avte By o)k
AFgALS] GH THE 2419 9127 5dto & Qls) 4] Bz
717] 2] 27149 5]70] WAgste] F2o] 0 A7} HhAiehs
74& Holirh. WHl SHR BAf 727} s A9 429 4
T Q7L A MHA¥sHA] e AR BT o]k of7f Z2
27t S7HleIE F%0) BH% o] &Aoo fAE

= ATE kit

ESH[Fig. 10]2 o7 22414 52+
S} X182} A AN 2EAo) A 24 ¢
2% AP SHR AUZS B9 Gl B8 £99) 5490] of
7] 2 2 sl 23S 2| Al A 6] A= BolA|

o= =Y 1

Non-SHR case IMU sync test

Orthosis Angle(deg)
Angle(deg)

" == Angle
= Reference

0 an A en s on 14
Upper arm Angle (deg)

SHR case

’Time(ms)

IMU sync test

Orthosis Angle(deg)
Angle(deg)

a0 == Angle
== Reference

20 an A s amn n 140 T 18 2 = o4 ® B W

Upper arm Angle (deg) Time(ms)

[Fig. 9] Angular deviation during shoulder flexion-extension
with and without SHR compensation mechanism



Interaction Force (Angle)

== With SHR
1| == Without SHR

20 40 60 80 100 120 140 160

Flextion Angle(deg)
Interaction Force (Phase)

B = With SHR
== Without SHR

Force(N)

Elevation phase(%)

[Fig. 10] Interaction force during shoulder flexion-extension
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