
❖ gravity compensation mechanism• An increase in the population of aged people↑

: Decreased physical function in the elderly

– reducing walking speed

– Increasing in falls

→ Wearable robot is required to improve gait 

function of the elderly
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Research Background

Research Topics

Future Works

Gravity compensation mechanism

- Multi-winding type gravity compensation mechanism will be 

compact and lightweight so that joint torque compensation of 

wearable devices can be performed efficiently 

- An experiment to verify the effect of a GCM assisting an ankle 

during gate cycle

- Usability evaluation of a GCM for supporting ankle muscle 

targeting the elderly in a walking environment

Experiment

[ Characteristics of SMA spring ]

▶ Research objective:

Development of Gravity Compensation Mechanism for High Torque 

Compensation to be used in wearable devices

Multi-winding type gravity compensation 
mechanism

[ Fabric muscle fabrication process ] This work was supported by the National Research Foundation of Korea(NRF) grant funded 
by the Korea government(MSIT) (No. NRF-2022M3C1A3080598) and a major project of the 

Korea Institute of Machinery and Materials (Project ID: NK244F)

[Coclusion]

• Bulky

• Rely on upper limb • Heavy, expensive

• Discomfortable

(uncomfortable-to-wear)

• Passive

• No muscle support
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The multi-winding type gravity compensation mechanism showed the possibility of torque 
compensation in the test bed. We plan to make it compact and lightweight so that joint torque 
compensation of wearable devices can be performed efficiently in the future.

Multi-winding type
Gravity compensation Module

• Essential requirements of GCM:
– trajectory considering the change in the relative joint rotation angle of the ankle, knee, 

and hip

• ankle: ∆10° 100°~110°

• knee: ∆80° 95°~175°

• hip: ∆70° (110°~180°)

Knee joint

Hip joint

CoM of torso

Simlation of sit to stand motion

엉덩이받침및등받이인체공학적
설계필요

Many robots are being developed to help people with 
weak bodies, such as the disabled and the elderly. It is 
very important to help disabled people with sit-to-stand 
function. In order to handle the weight of a person, a 
large torque is applied to the joint, and we must 
overcome this by using active or passive actuators. 
According to the demand for small, light and invisible 
assistive devices, it is necessary to develop a wearable 
type robot to satisfy the demand and therefore, it is 
essential to use a small motor using a tendon driven 
mechanism. Therefore, the size of the motor can be 
reduced, and the development of an actuator is not 
directly attached to the joint is also required.

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

6000.00

0 50 100

Fo
rc

e
 [
N

]

θ

-40

-20

0

20

40

60

0 50 100

0

50

100

150

200

250

0 20 40 60 80 100

T
o
rq

u
e
 [
N

m
]

Angle

Torque_ideal Torque_real

0

50

100

150

200

250

300

0 20 40 60 80 100

T
o
rq

u
e
 [
N

m
]

Angle

< 가스스프링의 사용구간을 변경한 경우>< 설계 변수 a를 변경한 경우>

Gravity compensation mechanisms using the Hooke’s law have been mainly developed and energy is 
stored in the spring as much as the displacement of the spring, and torque is compensated using it. 
Gravity compensation mechanisms have been developed through many studies, but they are still large 
and can compensate for small torques. In addition, the compensation error through experiment is quite 
large. We propose a multi-winding type gravity compensation mechanism to compensate for the large 
torque of the wearable robot joint. 

𝑥 𝜃 = 𝑓(𝑐(𝜃)), 𝑘 =
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