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Abstract 
 

Electromyogram (EMG) signal reflect the electrical activity of human muscle and contains information about the structure of muscle. 

Furthermore, motor unit action potential (MUAP) is the results from spatial and temporal summation of difference muscle fibers of a 

single motor. The EMG signal results, in turn is from the summation of different MUAPs which are sufficiently near the recording elec-

trode. EMG signal can identify the differences between signals from bicep, triceps and forearms during exercise. Raw data from the ex-

periment is vital to assist physiotherapy to understand when the subject fatigue of noise high pick signal during rehabilitation. Several 

normal subjects were selected to perform experiments to understand the pattern of fatigue in early state, middle stage and last stage of 

exercises.  
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1. Introduction 

Based on Oxford (2016), physiotherapy is the treatment or way to 

recover any disease, injury, or deformity by physical methods 

such as massage, heat treatment, and exercise rather than by drugs 

or surgery. Physiotherapists is a way that have been used to help 

people affected by injury, illness or disability through some 

movement and exercise, manual therapy, education and advice. 

This process can keep up wellbeing for individuals of any age, 

helping patients to manage pain and prevent disease. This kind of 

technique is 

a science-based profession and takes a ‘whole person’ way to deal 

with wellbeing and health, which incorporates the patient’s gen-

eral way of life. Generally, physiotherapy is 

Practiced by physiotherapists. It was introduced on late of 19th 

century where nurses were performed massage to the patients. 

Nowadays, special design exercise and equipment was built up as 

a branch of rehabilitative health to help patients recover their 

physical abilities (J. H. Burridge and A. M. Hughes, 2010).the 

device will be focus on arm rehabilitation. The patients can moni-

tor the progress of the exercise and the data can be logging into 

the Excel on daily or weekly basis. There are seven stages of 

stroke recovery in way to recover the patient ability after stroke. 

This recovery task which is also known as Brunnstrom Approach 

was introduced in 1960’s by Signe Brunnstrom (an occupational 

and physical therapist from Sweden). These stages were devel-

oped to determine how motor control can be recover throughout 

the body after suffering a stroke. The stages that involve in this 

robot arm for rehabilitation process which relates with Brunnstrom 

Approach is in stages 3 to 5. For stage 3, the effected arm that was 

damaged in stroke survivors was start recover but he need some-

one to move the effected arm. In this stage, the movement is limit 

between some ranges due to the severe of spasticity due to feeling 

of unusually stiff, pulled, or tight muscles. Any exercises that 

want to use to recover the effected arm must maintain the ability 

for patient range of motion and doing daily task to the arm so that 

it will avoid from bad effect to the patient. Figure 1.2.1 shows 

some level or range of ability for stroke survivors can be achieve. 

The fourth stage will be used when the spasticity is decrease. In 

this stage, it will focus on to gain the strength and improve muscle 

control. Figure 1.2.2 shows the exercise to gain strengthen and 

improve muscle control. Next, stage five is the complex move-

ment combinations which the small amount of spasticity is left. 

The survivors can now move the muscles more coordinated and 

allow the voluntary movement to become more complex. The 

exercise that was provide is by repeat the movement of arm fre-

quently in daily activity like eat, drink, iron cloth and others (The 

Brunnstrom Stages of Stroke Recovery, 2017). A multitude of 

recovery technologies has been introduced in the most recent dec-

ade. These technologies are used for patient to improve their arm-

hand performance after stroke. Stroke have been increased con-

sistently and putting at high pressure on health system for some 

decades, as the result in raising of the demands for cost-effective 

for the treatments. The role of this kind of technologies is training 

to improve arm function in activities of daily lives. This also will 

reduce the depend on man power (J. H. Burridge and A. M. 

Hughes, 2010). Figure 1.2.3 shows some example of robot arm for 

rehabilitation that was been in the hospitality. This project is de-

veloped to give automated physiotherapy for arm rehabilitation. 

The controller is set to give automated help to the patient to help 

them to track a coveted movement direction. All the direction for 

the rehabilitation process is required for the recovery task in a 

precise and concentrated way. This recovery task is intended to 

guarantee concentrated repeated movement that requires psycho-

logical preparing. This movement will burn into a microcontroller 

of the robotic arm to make all the movement is follows the recov-

ery task. The effectiveness and feasibility of this controller have 
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been presented by using some sensors that can measure the partic-

ipate performance which then the data will extract by using signal 

processing method to present the data in clinical requirement. 

2. Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Flowchart of the SRA system. 

 

Experiment has been conducted to show the effectiveness of the 

proposed Spasticity Robotic Arm (SRA). Fig.1 depicts the 

flowchart of the experiment steps to determine the effectiveness of 

the device by EMG data collection of a subject arm movements. 

As shown in the figure, the experiment involved a pre-determined 

rehabilitation movements using the SRA. The subject of SRA is 

attached with EMG electrodes. These electrodes will provide the 

EMG signals vital for the movement analysis. The data is filtered, 

and conveyed to an Arduino microcontroller for data processing. 

The processed data is transmitted to a personal computer (PC) for 

monitoring and analyses purposes. The experiment involved five 

(5) steps that are described below: 

Step 1: Preparation. Initially, the subject placed his/her arm on the 

SRA. During this condition, EMG electrodes were attached on the 

arm at three (3) locations: biceps, triceps and brachioradialis mus-

cles. 

Step 2: Rehab Activity. As the subject was a normal person, the 

rehabilitation activity involved lifting a 1kg dumbbell and hold it 

for a few minutes. For actual patient, lighter object can be used or 

activities that do not involve object lifting are recommended to 

prevent aggravating injury. 

Step 3:  EMG electrodes- The sensor will be attach on bicep to 

recoded the Myopath activity during Hyperemia in bicep brachi 

and  triceps during exercise. Using the electrode channel with is 

positive (red), negative(black) and ground (green) 

Step 4: The signal from the three channel electrode produce multi 

noise, because of that the processing part is very vital to make 

signal clear and solid Fig.7. The smooth and filtering noise will be 

apply to make raw data clear using Savitzky-Golay method. On 

500 point window. Step 5: The Serial port on computer will be 

receive after filtering data and process in microcontroller brain 

system using Arduino microcontroller base system.  

2.1. The Development of Spasticity Robotics Arm (SRA) 

The development of robotic arms shown in Fig. 2. The robot have 

two degree of freedom (DOF). Point A is the base of this robot 

placement, Point B is shoulder angle and point C is the wrist. The 

limitation movement is only x and y axis on two DOF. Each DOF 

have 3 axis with is  x, y and z. The bicep  axis starting from x0, y0 

and z0 and the wrist is x1, y1 and z1.  

 

 
Fig. 2: The axes and 2 DOF of robotic arms 

 

The design of this project must be lightweight and potable because 

to carry burden of the upper arms subject. In order of that alumin-

ium plate and   polymer was selected in fabrication of this robot 

design shown in Fig. 3. The heat-shrink insulation cover to warp 

the aluminium part of U shape, to make material water vapor-

proof. The U shape and on this Fig.3 was make to support the 

elbow and bicep subject during forearms flexion and extension 

during exercise. The size of the U shape in this illustration is 

12.5cm x 15.5cm and cover by heat shrink insulation. The part A 

is the u Shape and part be is holder of the U shape to attach to the 

mechanical movement stand show in Fig.4. 

The complete cycle of this exercise is 20 minute, during on that 

period of exercise the subject was sweating and discomfort the 

select of material can make the process of exercise success.  

 

 

 

 

 

 

 

 

 

 

Fig. 3: 3 Dimension of the upper elbow part 

 

 

 

 

 

 

 

 

 

 

 

                 (a) Side view                           (b) Top view 

Fig. 4: Actual image of the upper elbow part 

 

Fig.5 shows the illustration of U Shape bar attach on the mechani-

cal robotic stand. In this figure also shown the part A and part B 

placement. The part A is the electrical controller linear actuator  

Point A 
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y0 
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box and the part B is cover and mechanical forward and reverse 

switch. The limitation movement of this robot shown in table 1. 

Upper arms body Degree of freedom (DOF) 

Elbow    0 ˚    to    90˚ 

Wrist    0˚     to    35˚ 

 

Fig. 5: Design of the Spasticity Robotic Arm 

 

The movement of this robot control by linear actuator mechanical 

electrical system. The voltage of this actuator is 9 to 12 Volt direct 

current (DC). The length of the actuator motor is 200mm,200N, 

this actuator can carry 20 Kg (heavy duty linear actuator).  The 

material of the actuator is aluminium alloy  and working frequen-

cy is 20 % [17]. The stroke shaft of the linear actuator is 150mm 

with 200N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

                 

 

 

 

 

 
Fig. 6: Female and male subjects experimenting with the SRA using left 
and right arm 

3. Experimental Setup, Result and Discussion 

3.1. Robotic Hand Training 

In the experiment, a normal subject perform exercise to measure 

the muscle strength from bicep brachii, tricep brachii, ewtensor 

carpi ulnaris and brachioradialis. Firstly, the subject will be asked 

to do exercises involving four different types of hand reaches. 

Secondly, a normal subject will be asked to Flexion and extension 

1000gram weight in 1 minute.  Nine normal adult subjects (ages 

18–25, 5 male and 4 female) using right arms. The subject was 

apply Modified Ashworth Scale (MAC) [12] method exercise. The 

exercise was control angle movement for bicep, elbow and fore-

arms. The result shown in table 2.  Subject one first time perform 

experiment and second subject were asked to make exercise using 

dumbbell (reach up and down right arms) in 5 minute before per-

form experiment.   

 
Table 2: Demographic data the recruited subject before fatigue 

Sub-

ject no 

Na-

ture of 
subject 

Gender Dominant 

hand 

Age Time 

since 
fatigue 

1 H M R 19 10 

2 AE M R 20 4 

3 H F R 19 9 

4 H F R 21 6 

5 AE F R 25 3 

6 H M R 25 7 

7 AE M R 23 8 

8 H F R 24 8 

9 AE M R 19 7 

 Abbreviations: Healthy (H), After exercise (AE), Left(L), right 

(R), female (F),male (M). 

 

The experiment was focus on the mayopath area and study re-

sponse of muscle during hyperemia and con contraction index (CI)  

between using Electromyogram. The parameter used to quantita-

tive the muscle activation and coordination pattern of raw data. 

The processing frequency is 50Hz to 100Hz off-line process. The 

bipolar data processing is remove noise, rectification, smoothing 

and normalization the maximum value of EMG activation level of 

hyperemia upper arms. The two simple equation apply during 

collecting data shown in formula (1) and (2). The EMG activation 

level of a muscle was calculated by averaging the EMG envelope 

of the trial Equation 1 and  Equation 2 shows a simple model of 

the EMG signal [29-30] 

 

EMG= 1/T   EMGi (t)dt                                                    (1) 

 

 X(n) = Σh(r)e(n-r)+w(n)                                                 (2) 

 

 

Where x(n), modelled EMG signal, e(n),point processed repre-

sents the firing impulse, h(r),represents the MUAP w(n),zero 

mean addictive white Gaussian noise and N is the number of mo-

tor unit firing and second equation  was the EMG activation level 

of muscle i, EMG i(t) was the EMG envelope signal, and “T” was 

the length of the signal. Fig. 7 representative EMG trials [30]. 

Fig.8 (a and b) shows the raw data input from two electrode attach 

on the bicep brachii  and ground attach at tricep. The minimum 

time is 30 second and maximum time is 70 second. 

 

0 

N-1 

r=0 

1 

Linear 

actuator  
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Fig. 7: Representative EMG trials of subject in training session (a) the 

evaluation (a horizontal task trial), (b) the illustration on the EMG trigger-

ing brachioradialis muscle (bicep) EMG signal. 

 

 
Fig. 8: Original Raw Data from Electromyogram. 

 

Fig. 9 removing noise and smoothing by using Savitzky-Golary in 

1000 point of window  and 50Hz frequency to measure fatigue of 

the tricep and bicep brachii. The sampling signal is 70000ms after 

rectification. 

 
Fig. 9: 1000 pts point of window smoothing.   

 

Fig. 10 after  removing noise and smoothing by using Savitzky-

Golary in 1000 point of window  and 50Hz to measure fatigue of 

the tricep and bicep brachii. Second is curve fitting method to 

understand value of fatigue level during exercise in model Gauss  

in position y0 ( 244.64746 ± 1.60149), xc (63475±5.16675 ) is the  

sampling signal is 70000ms after rectification. 

 
Fig. 10: Original Raw Data from Electromyogram and curve fitting meth-

od to understand value of fatigue level during exercise in model Gauss.   

 

The smoothing data in 50 Hz filter frequency domain in Fig.11 

removes low and high frequencies from the original signal. For the 

But for this graph, it will be afterward, because these filters re-

move low frequency components of a signal, and so they force the 

mean value to be zero or nearly zero. High frequency cutoff of 

band pass filter removes high frequency noise and prevents alias-

ing from occurring in the sampled signal.   

 

 
Fig. 11: Original Raw Data from Electromyogram and normalize to (0,100) 

of smoothing method  

4. Conclusion  

In this experiment the monitoring and measurement of the hyper-

emia study can improve the exercise of the real stroke patient 

during exercise, the method of exercise can assist physiotherapy 

and researcher understand different input and output in  real time 

data or off-line data. The standard Modified Ashworth Scale 

(MAC)  is the benchmark  this rehabilitation exercise to normal 

subject and stroke patient in future.  
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