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Abstract—Most of the robotic arm is controlled using 

accelerometer by capturing different gestures and postures 

wherein the movement of the robotic arm is only limited on the 

given gestures, which doesn’t mimic the human arm correctly. 

This paper presents a method to acquire angle in mimicking 

robotic elbow using two low cost and small tri-axial 

accelerometers. These accelerometers are attached to the upper 

arm and forearm of the user. To find out the angular position of 

the elbow joint, scalar product is applied in the computation. The 

communication between human hand and robotic arm has been 

established using Arduino microcontroller. The result is that the 

robotic arm’s movement is synchronous with human arm’s 

movement. The system has been developed in Arduino IDE 

platform and Lab VIEW Robotics. In conclusion, the application 

of scalar product is effective in acquiring the value of user’s 

elbow angle. 

Index Terms—Accelerometers, Elbow Angle, Robotic Elbow, 

Scalar Product 

I. INTRODUCTION 

ROBOT mimicking has been a hot research topic in the 

previous years and is an important application area for 

robotic systems. Likewise, robot mimicking is a convenient 

way to teach the robots the operations they are to perform 

[1].Robotic arms are very important in almost all the 

industries because they perform various different tasks such 

as trimming, picking and placing etc. In addition, the biggest 

advantage of these robots is that it can work in hazardous 

areas which cannot be accessed by the human [2]. 

Therefore, new and more advanced ways are required to 

control robotic arm. 

In the robotics field, several researches used different 

controllers and sensors to mimic human arm such as flex 

sensor and potentiometer. But as the time goes by, 

accelerometer-based gesture recognition methodology has 

become increasingly popular in mimicking and controlling 

robotic arm in a very short span of time [6]. The low 

moderate cost and relative small size of the accelerometers 

are the two factors that make it an economical  

and effective tool to detect and recognize human body 
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gestures [3]. But, most of the accelerometer-based gesture 

controlled robotic arm only capture different gestures and 

postures. The problem is that the movement of robotic arm 

is only limited on the given postures and gestures, which 

doesn’t mimic human arm correctly and doesn’t acquire the 

actual elbow joint angle. 

However, in this paper is proposed the application of 

scalar product for acquiring angle in mimicking robotic 

elbow using two tri-axial accelerometers. The controller is 

made up of two tri-axial accelerometer attached to the upper 

arm and forearm of the user. Robotic elbow will move as the 

sensors measure elbow angle. The system has been 

developed in Arduino IDE platform. Data is gathered for the 

evaluation of response and a graph is created using Lab 

VIEW Robotics. This paper shall help industries by 

introducing a low-cost, easy-to-use and reliable way of 

mimicking angle using only two tri-axial accelerometers as 

a sensor [4]. This paper can also be used in the medical 

field. It will help rehabilitation doctors and physical 

therapists to come up with a more accurate way of getting 

the elbow angular joint measurements. Finally, several tests 

are done to evaluate the proposed system. The results of the 

performed tests are presented and discussed. 

II. METHODOLOGY 

A. System Description 

The system is composed of a robotic arm equipped with 

Arduino microcontroller, and actuated by a servo motor 

mounted at the elbow of the robotic arm. Also, it is 

composed of a wearable device with two tri-axial 

accelerometers to measure acceleration due to gravity in 

different axis. This wearable device also serves as 

measuring device because it comprises of potentiometer 

mounted on a 1-DOF mechanical joint that is used to know 

the actual elbow angle produced by the user. The individual 

accelerometers are placed in upper arm and forearm of the 

user respectively. They are located near the elbow joint. 

Lastly, it is also composed of a computer running the 

program. 

The accelerometer used in this study is ADXL345 Digital 

accelerometer. This sensor is physically rated to measure 

accelerations over a range of at least +/-16g, with a 

sensitivity of 4mg/LSB. The accelerometers communicate 

with the computer by using Arduino microcontroller. It is 

coded in Arduno IDE (Integrated Development 

Environment), a programming environment that is capable 

to upload programs in any Arduino boards 

(microcontrollers) [7] [8]. 
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Fig. 1 Wearable Device and Robotic Arm 

B. Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2Conceptual Framework 
 

Fig. 2 shows the explanation of how the system works. 

The accelerometers are used as the main sensor of the 

robotic arm and are attached to the upper arm and forearm 

of the user. The proponents used Arduino and Lab VIEW 

software for the interfacing of program. The input signals 

coming from the accelerometer sensor is fed to the 

Arduinomicro controller using serial communication.  

1. Acquisition of Elbow Angle 

The accelerometer has digital output in the range from -

256 to +256 through 180° of tilt. The output in every axis 

(x-,y- and z-axis) is minimum if the axis is pointing 

downward, on the other hand, it has maximum value if it is 

pointing upward. 

 The proponents used these outputs to compute the 

acceleration due to gravity in different axes experienced by 

the accelerometer attached to the upper arm. 

 

𝐺𝑋1 =  
𝐷𝑂𝑋1

𝑆
                                                                             1  

 

𝐺′𝑌1 =  
−𝐷𝑂𝑌1

𝑆
                                                                         2  

 

𝐺𝑍1 =  
𝐷𝑂𝑍1

𝑆
                                                                              3  

 

where:  

S= sensitivity of the accelerometer 

Gx1 = acceleration from the x- axis of the accelerometer 

Gz1 = acceleration from the z- axis of the accelerometer 

G’y1 = acceleration from the y- axis of the accelerometer 

DOx1 = digital output from the x-axis of the 

accelerometer 

DOy1 = digital output from the y-axis of the 

accelerometer 

DOz1 = digital output from the z-axis of the 

accelerometer 

 

Afterwards, the proponents determine the value of 

acceleration due to gravity in different axes of the 

accelerometer attached to the forearm. 

 

 

𝐺′𝑋2 =  
−𝐷𝑂𝑋2

𝑆
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𝐺𝑌2 =  
𝐷𝑂𝑌2

𝑆
                                                                                5  

 

𝐺𝑍2 =  
𝐷𝑂𝑍2

𝑆
                                                                               6  

 

Where:  

S= sensitivity of the accelerometer 

Gy2 = acceleration from the y- axis of the accelerometer 

Gz2 = acceleration from the z- axis of the accelerometer 

G’x2 = acceleration from the x- axis of the accelerometer 

DOx2 = digital output from the x-axis of the 

accelerometer 

DOy2 = digital output from the y-axis of the 

accelerometer 

DOz2 = digital output from the z-axis of the 

accelerometer 

After getting the value of acceleration due to gravity, tilt 

angles are acquired using (7) and (8) for the pitch angles of 

two accelerometers and (9) and (10) for the roll angles of 

two accelerometers. The force of gravity is used as an input 

to determine the orientation of object by calculating the tilt 

Human Elbow Joint Angle 

Produce different digital output in 

x-, y- and z-axis of accelerometers 

  Convert into acceleration 

  Solve for the pitch and roll angle 

Get the direction of accelerometer 

using spherical  

Get the angle using Scalar Product 

Simulate using Solid Works and Lab 

VIEW Robotics 

Robotic Elbow Joint Angle  
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angle. 

The accelerometer experienced acceleration in the range 

from -1g to +1g through 180° of tilt. The value of -1g and 

+1g in any axis is aligned with the Earth’s downward and 

upward gravitational field respectively. 

 

∅1 =  tan−1  
𝐺′𝑌1

𝐺𝑋1
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  𝜃2 =  tan−1  
𝐺𝑍2

  𝐺′𝑋2 
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2
                                   10  

 

where:  

θ2 =  roll angle of the accelerometer (forearm) 

ϕ2 =  pitch angle of the accelerometer (forearm) 

θ1 =  roll angle of the accelerometer (upper arm) 

ϕ1 =  pitch angle of the accelerometer (upper arm) 

Using the tilt angles acquired from the previous computation 

the direction of the two accelerometers with respect to the 

upper arm and forearm are acquired using spherical 

coordinates to find the equivalent Cartesian coordinates. 

From the orientation and position of accelerometer, the 

value of roll and pitch angle correspond to the value of 

azimuth and zenith angle in spherical coordinates 

respectively. 

Finding the direction of two accelerometers using (11) 

and (12), 

 

𝐴 =    sin∅1  cos𝜃1  𝑥 +   sin∅1  sin 𝜃1  𝑦 +  cos∅1 𝑧  11  

 

𝐵  =    sin∅2  cos 𝜃2  𝑥 +   sin∅2  sin𝜃2  𝑦 +  cos∅2 𝑧   12  

 

where:  

 

𝐵  =  direction of accelerometer attached to the forearm 

𝐴 =  direction of accelerometer attached to the upper 

arm 

 

Afterwards the proponents used the components of each 

vector of the two accelerometers mounted on the user’s 

forearm and upper arm to compute the magnitude of each 

vector. 

 
 𝐴 

=    sin∅1  cos 𝜃1  
2 +   sin∅1  sin𝜃1  

2 +  cos∅1 
2    13  

 
 𝐵 

=    sin∅2  cos 𝜃2  
2 +    sin∅2  sin 𝜃2  

2 +  cos∅2 
2    14  

 

where:  
 

|A| =  magnitude of vector A 

|B| =  magnitude of vector B 

Using (11), (12), (13), and (14), the elbow angle is 

acquired by applying Scalar Product. 

 

 𝛽 =  cos−1  
𝐴 ⋅  𝐵  

 𝐴 |𝐵|
                                                               15  

where:  

 

β=  value of computed elbow angle 

2. Evaluation of the System 

The proponents devised a wearable device which 

comprises of potentiometer mounted on a 1-DOF 

mechanical joint and two accelerometers which are 

attached to the human arm. The computed angle was read 

by the Arduino microcontroller. The proponents also used 

potentiometer in their wearable device to compare data 

from accelerometers. The proponents also devised a 

potentiometer-mounted robotic elbow to get the robotic 

elbow angle. The angular values were sent through serial 

communication into a computer and then were inputted 

into Lab VIEW’s waveform chart feature using NI VISA. 

The proponents used servo motor as an actuator to 

control robotic arm. The movement of servo motor is 

dependent to the value of computed angle.  The 

proponents plot the graph in Lab VIEW to monitor the 

response. The plotted response of the system is the 

extracted into an Excel Worksheet and used these data to 

determine if there is significant difference between them. 

The proponents set the significance level to the 

standard value of 5%. Knowing the area, they used the z-

test table and found the critical value as 1.96.The 

computed z value will become the basis of the proponents 

if they will accept or reject the hypothesis. To be able to 

verify if the robot can mimic the human elbow angle, the 

researchers used z-test: 

 

𝑧 =   
𝑥 1 − 𝑥 2

 
 𝜎1 

2

𝑛1
+

 𝜎2 
2

𝑛2

                                                                  16  

 

where:  

z= z-test result 

𝑥 1 = mean of the first group 

𝑥 2 = mean of the second group 

n1 = no. of samples in the first group 

n2 = no. of samples in the second group 

σ1 = standard deviation of the first group 

σ2 = standard deviation of the second group 

III. RESULTS AND DISCUSSION 

A. Acquisition of Elbow Angle 

From the different orientation made by the user, the 

proponents obtained the data coming from the two 

accelerometers. To analyze and interpret the computed 

angle, the proponents gathered raw data through varying the 

orientation of the human elbow in many trials.  

Table 1 shows the digital output in three different axes 

of accelerometer which is attached to the upper arm, 

acceleration due to gravity in every axis and the tilt angles. 
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This vector is the orientation of the accelerometer in the 

upper arm with respect to the elbow of the user. 

Table 1. Data Obtained from the Accelerometer 

Attached to the Upper Arm 

 

Table 2. Data Obtained from the Accelerometer 

Attached to the Forearm 

Table 2 shows the digital output in three different axes of 

accelerometer which is attached to the forearm, acceleration 

due to gravity in every axis and the tilt angles. This vector is 

the orientation of the accelerometer in the forearm with 

respect to the elbow of the user. From each orientation, the 

value of acceleration due to gravity in different axes, pitch 

and roll angles pitch and roll angles are different from the 

other orientations. It only shows that the user is moving 

from one orientation to another. The proponents applied 

tangent functions to solve for the value of pitch and roll 

angles.  

Table 3. Magnitude of Three Vectors and Values of 

Computed and Actual Elbow Angle 

Table 3 shows the magnitude and scalar product of two 

vectors needed to acquire the elbow angle by applying 

Scalar Product. The magnitude of vector A and B is always 

equal to one because they are unit vectors. It also shows the 

results of computed angles from different orientations, its 

corresponding actual angle and the average difference for 

each angle. 

The proponents observed that angle of 180˚ has the 

largest average difference because when the user performed 

this angle, one of the axes of the accelerometer is aligned 

with gravity and point upwards or downwards. Thus, the 

value of acceleration due to gravity is only concentrated to 

one axis and its reducing the value being measured from 

other two axes. Another factor is that an accelerometer is 

most sensitive to tilt when its sensitive axis is perpendicular 

to the force of gravity. At this orientation its sensitivity to 

changes in tilt is highest. When the accelerometer is oriented 

on axis to gravity, the change in output acceleration per 

degree of tilt is negligible. It means that as the tilt of an 

accelerometer increases, the sensitivity of this sensor 

decreases the given results to smaller error [5]. 

 The proponents also observed that angle of 60˚ has the 

lowest average difference because with this angle, the 
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accelerometer is tilted and none of the axes is aligned with 

gravity thus, the value of acceleration due to gravity is 

distributed to all axes. It implies that angle of 60˚ is the most 

accurate angle for mimicking user's elbow angle compare to 

other angles. 

 The proponents also observed that as the angle being 

mimicked increases, its average difference also increases. It 

implies that mimicking capability of the system is better if 

the user performed an angle less than 90˚. 

A. Response of the System 

In the experiment, the user measured different sets of 

angle in different orientation with the human elbow angles 

from 43̊ to 180.̊  The response of the system is shown below. 

Fig. 3LabVIEW panel showing the human elbow angle 

and the robotic elbow angle based on the user's 

orientation and elbow movement. (Note: The labeled 

figures above the graph and the yellow broken lines are 

not part of the graph seen on the actual panel of the Lab 

VIEW.) 

The figure shows the response of the system between the 

human and robotic elbow angle in different orientation. The 

graph shows the angle measured from the wearable device 

(yellow line) and the robotic elbow angle (green line). The 

value of the human and robotic elbow angle are almost 

equal or coincide in the graph when the user performed 

transition from flexion to extension or vice versa.  

However, when the user steadies his arm in a specific 

position, there is a small discrepancy between two angles. It 

also shows that the value of robotic elbow angle is slightly 

unstable compared to the human elbow angle.  

B. Significant difference between user and robotic 

elbow angle  

    The proponents measured different human and robotic 

elbow angles in different orientation. From the data, the 

proponents computed the value of standard deviation and 

mean of each sample. 

Table 4. Z-test result for every tilt angle 

Table 4 shows the number of samples (n1 and n2), the 

mean of the samples (x̅1 and x̅ 2), the standard deviation of 

the samples (σ1 and σ2) and the z-test result. All of the z-test 

result shows that z value is within the range of -1.96 ≤ z ≤ 

1.96. Therefore, there is no significant difference between 

the robotic elbow angle and human elbow angle. 

The proponents observed that orientation two has the 

lowest value of z-test result which is equal to +0.0341 

because all of the axes of accelerometer in this orientation is 

not concentrated or not aligned with the gravity, thus the 

total value of acceleration due to gravity is distributed to all 

axes. It implies that this orientation is the best orientation in 

mimicking the human elbow. 

The proponents also observed that orientation four has the 

largest value of z-test result which is -0.9259. It is primarily 

due to the alignment of one axis of accelerometer with the 

gravity that results to decrease of sensitivity of 

accelerometer. 

IV. CONCLUSION 

The proponents came with this findings based on the 

gathered data. Accelerometers outputs are used to measure 

the angle between the human’s upper arm and forearm, and 

set as the triggering or controlling device of a one degree of 

freedom robot arm. Those outputs are used by the 

proponents to compute the angle obtained by the human. 

Since those outputs are the values of the acceleration due to 

gravity in different axis, pitch and roll angles obtained from 

the two accelerometers varies in different angle and 

orientation, but it will be arrived with the angle closed to the 

human's elbow angle. The pitch and roll angle values are set 

as the angle components in the spherical coordinate system. 

The proponents used the spherical coordinates to find the 

equivalent Cartesian coordinates - vectors of the two 

accelerometers with respect to the upper arm and forearm.  

The findings of the proponents, suggests that the system 

and the method proposed were effective in acquiring the 
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value of user's elbow angle. The proponents used spherical 

coordinates to find the equivalent Cartesian coordinates - 

vectors of the two accelerometers with respect to the upper 

arm and forearm. The value of the resulting elbow angle 

from the angle of 150˚ to 180˚ acquired larger angle 

difference. This is caused by the alignment of one axis with 

the gravity of an accelerometer which can decrease the 

sensitivity of the sensor in getting tilt angles. The angle of 

60˚ has the lowest average difference, which means that it is 

the most effective angle for mimicking human's elbow. 

RECOMMENDATION 

 Since the proponents observed that there are small 

discrepancies between the human and robotic elbow angle in 

different orientations, the proponents recommend using 

additional sensors for the improvement of the response of 

the system when it comes to the alignment with gravity. The 

proponents also suggest improving the proposed method for 

acquiring angle where the alignment of axis with the gravity 

cannot affect the computation, since average angle 

difference is caused by the alignment of any axis of the 

accelerometer with the gravity. This is for the purpose of 

having more precise mimicking angle. 
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