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SUMMARY 

Resistance training has been used for the purpose of 

improving muscular strength, power and endurance, and 

rehabilitation. It is important to consider the individual 

biomechanical characteristics in training and rehabilitation. 

Conventional commercial resistance training machines for 

resistance training have limitations on adapting the workout 

person’s biomechanical characteristics because they usually 

provide one degree-of freedom motion trajectory and 

resistance load profile, which cannot be adjustable during 

one repetition. In the majority of cases, the exercise 

trajectories of a human cannot be represented with one 

degree-of-freedom due to their complexity. So, the workout 

person has to fit their exercise motion to the machine’s 

guided motion trajectory and resistance profile. In contrast to 

the conventional exercise machines, haptic-based resistance 

training machine which is introduced in this proceeding can 

generate arbitrary two dimensional motion trajectory and 

resistance profile. Furthermore, workout person’s biomecha-

nical characteristics  (i.e. position-velocity-force relation-

ship) can be easily obtained using F/T sensor. Therefore the 

haptic-based resistance training machine can provides more 

effective resistance trainings considering workout person’s 

biomechanical characteristics. The effectiveness of haptic 

based resistance training machine was verified by comparing 

with dumbbell rotator cuff muscle training method; 

internal/external rotations and shoulder abduction that are 

widely used for training rotator cuff muscles. 

 

INTRODUCTION 

Resistance training has been used for the purpose of 

improving muscular strength, power and endurance and 

rehabilitation [1, 2]. In order to increase athletic perfor-

mance and effect of rehabilitation in resistance training, it is 

important to consider the workout person’s biomechanical 

characteristics and prescribe the proper training method. 

Biomechanical characteristic can be obtained using iso-

kinetic machine, but it costs a lot of money and time. 

Moreover it is hard to be used the characteristics in training 

because commercial resistance training machines are 

designed as one degree-of-freedom motion trajectory and 

predefined resistance profile, which is not proper for most 

workout persons or patients who have disorder at particular 

point. The cause of the problem is that the exercise 

trajectories of a human cannot be represented with one 

degree-of-freedom due to their complexity.Thus the workout 

person has to fit their exercise motion to the machine’s 

guided motion trajectory and predefined resistance profile. 

Smart Exercise Machine [3] and Motorized Exercise 

Machine [4] which are considered workout person’s 

biomechanical characteristic But They can only generate one 

degree-of-freedom motion trajectory. In contrast to those 

exercise machines, Haptic-based Resistance Training 

Machine (HRTM) which is introduced in this proceeding can 

generate arbitrary two dimensional motion trajectory and 

resistance profile (Figure 1). HRTM is composed of 

horizontal axis, vertical axis and handle bar assembly. Each 

horizontal and vertical axis assembly is linear motion system 

that includes ball screws, AC servo motor, and LM guide. 

The handle bar can be rotated passively. A 6-axis F/T sensor 

that can measure environmental force and torque is located 

between the horizontal axis and handle bar assembly. 

Workout person’s biomechanical characteristics (e.g. body 

size and position-velocity-force relationship) can be easily 

obtained using F/T sensor in comparison with isokinetic 

machine. And it is used control scheme for HRTM to 

maximize athletic performance and effect of rehabilitation. 

There are two main features in HRTM training protocol in 

comparison with a conventional training protocol. Firstly, 

the motion trajectory and resistance profile are designed 

optimally according to the workout person by teaching 

process and measuring workout person’s position-velocity-

force relationship. From the teaching process HRTM records 

workout person’s individual motion trajectory and from the 

measuring workout person’s position-velocity-force relation- 

ship HRTM generates individualized resistance profile. 

Force which can be generated by muscle is varied with 

respect to the position and the velocity. Therefore the 

effectiveness of training can be increased when the HRTM 

resistance is fitted to the position-velocity-force relationship. 

And that is important point in rehabilitation. Secondly, 

fatigue is compensated by monitoring the average power of 

each repetition and adjusting the resistance according to the 

fatigue level of the workout person.  

 

 

METHODS 

The effectiveness of HRTM was verified by comparing with 

dumbbell rotator cuff muscle training method; internal/ 

external rotations (I/E) and shoulder abduction (SA) using 

dumbbell (DB) that are widely used for training rotator cuff 

muscles. Twenty healthy males participated in this research 

twice a week for 8 weeks (Table 1). Workout resistance was 

defined by 20rm. Isokinetic strength test (JDI, Seoul, Korea) 

was performed at the pre and post training and average 

power was measured. The total work done was calculated in 

each group during the training. The power and total work 

done were used as outcome of the training. 



 
Figure 1: haptic-based resistance training machine. Horizontal 

axis (X), vertical axis (Z) and handle bar assembly with F/T 

sensor  

 

Table 1: Summary of rotator cuff muscle training 

participants  

 

# group note 

5 men DB I/E 
Age 20~25 years 

BIM 19~24 kg/m
2 

5 set of 20 rep each training session 

5 men DB SA 

5 men HRTM I/E 

5 men HRTM SA 

 

 

RESULTS AND DISCUSSION 

The average progress percentage of each group’s average 

power was calculated (Table 2). The average power progress 

during 1 rep of HRTM ER group (12.7%) was higher than 

DB ER group (7.5%). The average power progress during 1 

rep of HRTM IR group (34.2%) was also higher than DB IR 

group (16%). And the average power progress during 1 rep 

of HRTM SA group (8.4%) was higher than DB SA group 

(5.9%). However SD of HRTM group was were also higher 

than DB group. Therefore it is necessary to take it into 

consideration. Total work done during 1-training-session 

was calculated (Table 3). The average total work done 

progress of HRTM I/E (61%) was higher than DB I/E (37%). 

The average total work done progress of HRTM SA (76%) 

was also higher than DB SA (30%). Training resistance level 

of DB is rougher than that of HRTM because that of DB 

usually wasn’t changed during 1set but that of HRTM was 

changed according to the workout person’s position-

velocity-force and fatigue level each repetition during 1set.  

Therefore HRTM group burnt out and was exhausted.  

 

Table 2: Average progress percentage of each group’s 

average power measured by isokinetic machine (%) 

 

 ER IR SA 

HRTM I/E 12.7 34.2  

DB I/E 7.5 16  

HRTM SA - - 8.4 

DB SA - - 5.9 

 

Table 3: Average progress percentage of total work done 

during one session (%)  

 

group I/E SA 

HRTM I/E 61 % - 

DB I/E 37 % - 

HRTM SA - 76 % 

DB SA - 30 % 

 

 

CONCLUSIONS 

This proceeding has examined the design and control of the 

haptic-based resistance training machine system for a class 

of exercise machines at a practical level. It can easily obtain 

the workout person’s biomechanical characteristics and 

generate two dimensional motion trajectory and resistance 

profiles according to individual workout person’s biomecha-

nical characteristics. The experimental work was performed 

due to verify HRTM. And the results were higher than 

conventional training method. Therefore it has potential to 

be helpful for both sports and rehabilitation fields in many 

ways.  
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