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Implementation of Smart Dumbbells using Inertial Sensors and
Load Cells and Its Application Contents
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Sarcopenia due to aging can lead to a decline in muscle strength, which can reduce the quality of life, making it
necessary to implement interventions to strengthen upper limb strength, especially in the elderly. Prevention and
management of sarcopenia are effectively achieved through the use of exercise equipment that reduces physical load
while promoting muscle contraction and relaxation. In this study, we developed a new smart dumbbell that combines
an IMU sensor for measuring body movement and a load cell for quantitative grip strength measurement, allowing
for weight adjustment based on the user's strength. Additionally, we created a comprehensive exercise platform that
includes quantitative evaluation of upper limb strength and resistance training contents focused on muscle contraction
and relaxation. The proposed exercise using the smart dumbbell and contents effectively activated the target muscle
groups, confirming its suitability as an intervention method for enhancing upper limb strength.
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Table 2. Result of averaging the weight of the load cell 5
times

Digital force gauge(kgf) | Measured weight(kgf)
5 498
10 9.99
15 15.05
20 19.89
25 2484
30 3045
35 34.75
40 4067
45 4556
50 50.54
Correlation coefficient : 0.99
509 ----- Measured Weight
— y=x
icn 40
g 30 . ]
% 20 » P
=
10 S
| | | | 27 | ‘ 30 33
10 20 30 40 50

Digital Force Gauge (kgf)
8 2 CXIE & Ao|x|et EME FAH Sl AEtatA
Jefj=
Fig. 2. Graph of correlation between digital force gauge
and measured weight
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Table 3. Handgrip strength test & 30 sec arm curl tests
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Handgrip strength

Gender Normal Range
Men >28kg
Women >18kg

(b) 30= Arm curl ZAF M 7|&=
(b) Normal standard of 30 sec Arm curl test

Arm curl (repeat count 30 sec )

Age Men Women
60-64 16-22 13-19
65-69 1521 12-18
70-74 14-21 12-17
75-79 13-19 11-17
80-84 13-19 10-16
85-89 1-17 10-15
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Table 4. Setting the level based on the tests results

Level
Arm curl < std Arm curl > std
HS < std Easy Mode Normal Mode
HS > sid Normal Mode Hard Mode
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Fig. 7. Stretching raming contents for Iumbar extension
and flexion (a) Game contents (b) Actual stretching
behavior with contents
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Table 5. Details of shoulder exercise contents

Name Horray

Exercise |Front raise rotation

A running game where the player avoids
randomly generated obstacles by rotating
Gameplay |their wrist while holding a dumbbell. Hitting
obstacles reduces the fruit count displayed
in the upper left comer.

The player rotates the dumbbell to control
the character's movement. The IMU sensor
Exercise |tracks the y-axis rotation, syncing the

method |dumbbell's movement with the character's
actions. If the y-axis rotation exceeds +50°,

the tilt is fixed at the maximum value.
Expected to enha_nce upper limb strengt_h
Expectations and shoulder stability, aid in shoulder pain

prevention, and improve daily activity
performance in the elderly.

Gameplay
screen

Difficulty is based on the duration of the
Differences |movement. Higher difficulty levels increase
in game |the time required to maintain the front raise
modes by |rotaton and the number of obstacles.
difficulty  |Higher scores are awarded for overcoming

obstacles at increased difficulty.
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Is of chest exercise contents

Name

Jump

Exercise

Low dumbbell fly

Gameplay

A running game where the player avoids
obstacles and collects coins. The number of
coins collected determines the score.

Exercise
method

The players dumbbell liting motion s
detected by the IMU sensors x-axis
rotation. When the dumbbell is raised over
60° towards the chest, the character jumps,
and the longer the contraction is held, the
slower the descent.

Expectations

This pectoral exercise is expected to
enhance shoulder joint stability and improve
arm function. Strengthening the pectoral
muscles as auxiliary breathing muscles may
also improve respiratory function.

Gameplay
screen

Name Jump
Exercise |Handgrip exercise
The player controls a character that jumps
to collect coins while avoiding bombs. The
Gameplay number of coins collected determines the
score.
The character's jump height is proportional
to the users grip strength, measured by
the dumbbell. The maximum jump height is
Exercise |determined by the user's maximum grip
method |strength recorded during the upper limb
strength  assessment. Grip  strength s
visualized in real-time via a progress bar
on either side of the character.
Aims to enhance forearm strength in the
elderly, supporting the maintenance and
. improvement of physical function. Proper
Expectations forearm strength is expected to reduce the
risk of chronic diseases, disability, and
mortality.
Gameplay [/
screen
Player
image
Differences |Difficulty is determined by the time taken to
in game |reach maximum grip strength. As difficulty
modes by |increases, so does the time required, along
difficulty  |with higher scores for coin collection.

Player
image
Difficulty is determined by the time the
) movement is maintained. Higher difficulty
Di":eri’r‘ﬁgs levels require holding the movement longer,
modges by with course obstaoles _and Iayou_ts becoming
difficutty ~ |More challenging. Additionally, higher scores
are awarded for coin collection as difficulty
increases.




Journal of KIIT. Vol 22, No. 9, pp. 169-184, Sep. 30, 2024. pISSN 1598-8619, eISSN 2093-7571 177

o
g R FEY A AR Fo7A ol 129
Hd Zg}o|(Low Dumbbell Fly) 523 283
& L5 FE3IATH19). oldl tiEF A Y&
< ¥ 79 2ol Yt
5 34

e Fool Fapyol

o
lo
!
ox
N
o

- o
i
o 4
dm =
ol
< OE‘
Jok ol

Ema 2 F:x

S
}Q{I
ol
©
=
BN
= rl
et |
o
o
10 {1 N ol i

=
o >
ey
> o
rr

o
OEL
=

o
N
o
:(u)l'_'.
£
:
offt
R FT
(o
rE
o (
o
£
o
o> & o
o

o> o
T
tlo fu
5
_lohj‘ ;—Yi
L
o
<
0 ol
i "
i)
Ho
g
g

[

Ay A
al.

= MUY 28 3ol w50 5%
& (Eccentric Exercise)®] Y&

471402 Z7l8l=

X
>
)
Y

ol O_IN_, ['UIO
rr Mo
oft

Q'E]z,

S oXx

=y
o
:\_l‘
offt

SAE)
o
o3
2
4 o

fd
-

Ir g

rz Q-E oX, E]N

O
ot —» rlo

do rl

-

ol H:,{ Ol d

2

©]tH22]. LaStayo et al.2
T Al A] /*io] tl‘__]—}\g

1

2
-EHH

A}

4l o o L Ho ox
32
O

(e

o
o:

ox
o
offl
=2
ol

I
30
o
k1
4o ol g

lo
i
rlo
rl e
=
=
1o

-0,
N
By
[0 H
fu r
Lo
ofo
o

E8 S 25 2dx ARAE

Table 8. Details of back exercise contents

Name Horray

Exercise |Dumbbell arm pull down

A game where the player controls a hang
glider to pass through as many rings as
possible, with the number of rings passed
determining the score.

Gameplay

When the player performs the dumbbell
arm pull down, the hang glider rises at a
maximum angle if the dumbbells x-axis
rotation exceeds 50°. Between 25° and 50°,
the rise angle is proportional to the rotation.
Between 10° and 25°, the glider maintains
level flight, and below 10°, it descends.

Exercise
method

This exercise is expected to improve upper
limb function related to arm rotation and
enhance the latissimus dorsi's role as an
auxiliary breathing muscle, aiding in daily
activities and maintaining respiratory function
in the elderly.

Expectations

Gameplay
screen

b N &

Difficulty is determined by the tme the
Differences |movement is maintained. As difficulty increases,
in game [the time required to maintain the front raise
modes by |rotation increases, along with the number of
difficulty  |obstacles. Higher difficulty levels also award

more points for overcoming obstacles.

¥ 0 S¥M 25 H2E 2Ec 2HXY ol
Table 9. Level by contents using the principle of eccentric
exercise

Name Level
Horray . .
(Easy/Normal/Hard) Raise with 2sec/4sec/6sec
Jump Grip for 3sec/4sec/5sec to
(Easy/Normal/Hard) max power
CarJump .
(Easy/Normal/Hard) Low fly with 3sec/4sec/5sec
HangGlide Pull Down 4sec/bsec/8sec hold
(Easy/Normal/Hard) for max angle
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Table 9. EMG signal during contents test using smart

dumbbell

Contents EMG signal
EMG signal from deltoid muscle *
s
E
(2]
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. (O]
exercise ]
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Time (sec)
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