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Abstract— This paper is focussed on implementing a sinus 

square velocity over time function on the robotic arm, to 

make the movement more realistic as that of a human being 

by reducing jerking of servos during sudden acceleration and 

deceleration. It also gives an insight on how this function 

helps in increasing the energy efficiency of the robotic arm, 

therefore paving a way for development of more efficient 

and human-like robotic arm for the future. 
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I. INTRODUCTION 

Robots have been becoming more advanced and 

sophisticated, due to innumerable researches conducted by 

scientists across the world. But there is a domain which is 

still in its nascent stage. A lot of research is going on to 

develop a robot which resembles a human, in terms of its 

motion. Existing robotic arms have a lot of jerks when the 

servo accelerates and decelerates to its desired position. 

These jerks can be fatal for the robotic arms, devices such as 

cameras which are connected to it and finally the entire 

Industrial Automation sector. 

Jerking in robots is a problem which is caused 

when the servo accelerates /decelerates rapidly to the rapidly 

to the desired position. This jerk may look harmless, but 

inside, they are reducing the life of the robotic arms. Every 

time there is a jerk in the joints of the robotic arm, the gears 

of the servo crush with each other, and if sometimes if the 

jerk is too hard, the servo may be jammed, thus resulting in 

a huge loss. 

A proper motion profiling has to be implemented in 

order to reduce the ill effects of jerking in the robotic arm. 

II. MOTION PROFILING 

The main functions of servos are to move some kind of load. 

Motion profiling is the manner in which the load is moved. 

A simple example would be a movement from A to B on a 

single axis, on the other hand a complex example would be 

of a movement which is based on multiple axes and requires 

a precise coordination from all the axes. To get a more lucid 

understanding of the concept, an example is presented where 

the total distance travelled, D is found by calculating the 

area under the curve [1]. T is the total time required for the 

movement. The acceleration or deceleration at that 

particular instant is represented by the slope of the velocity 

curve as shown in the Fig. 1. 

 
Fig. 1: Simple Motion Profiling 

Servo systems used various type of motion 

profiling algorithms. The most often used are S-curve, 

Constant velocity, and trapezoidal motion profiles. 

III. JERKING AND ITS CONSEQUENCES 

To explain a jerk better, if you are driving a car in the fifth 

gear and suddenly, you shift it to the first gear, then you can 

experience a sudden harsh jerk, which can damage the 

gearbox of your car. Transition to maximum acceleration 

should occur smoothly by slowly reaching a target 

acceleration or deceleration in order for the jerk to reduce. 

For instance, if you start the servo with a 

trapezoidal motion curve profiling, then you can notice that 

edges of the trapezoidal curve are formed when the motor 

abruptly starts and stops [2]. These sharp corners get 

translated into a very high jerk, which is a derivative of 

acceleration. Fig. 2 shows trapezoidal motion curve. 

 
Fig. 2: Trapezoidal Motion Curve 

There are two major ill effects of jerking, which is 

explained in the following. 

 The first effect is that it results in a power surge. This 

may decrease the energy efficiency of the robotic arms.  

Going further down, there are two important factors 

which initiate the power surge when the motor jerks. 

 The power surge by jerking of servos is caused 

through: 

A. Large Inertia of the Mass 

Robotic arms are required to carry some load from one point 

to another. When the servos are accelerated/ decelerated 

abruptly (caused when the motor jerks), the servos need to 

work harder in order to move the load as the inertia of the 

load is too high which prevents it from gaining quick 

momentum. 

B. Zero Back EMF 

Servo motors basically consist of Dc motors. So when the 

robotic arm is in rest, no movement takes place in servos as 

a result back EMF is not generated in the armature of the 

DC motor. If the motor is started abruptly, then it can draw 

in huge inrush current and may sometimes damage the entire 

servo system. 

This is explained by the DC motor equation: 

V=Eb+ IaRa  (1) 

V – Supply Voltage 

Eb- Back EMF 

Ra- Resistance of the Armature coil 

At rest the, Eb=0, therefore the equation becomes 
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V= IaRa                            (2) 

Rearranging the equation  

V/ Ra=Ia   (3) 

From this equation, it is very clear, that if the motor 

is abruptly started from rest, the current drawn is very high. 

This is also called inrush current. Fig. 3 indicates inrush 

current. 

 
Fig. 3: Inrush Current in DC Motor 

The Second effect is that it can damage the 

sensitive electronic devices connected to the robotic arm. 

For example, if an accelerometer is attached to the robotic 

arm, control the acceleration of the arm in a given direction, 

then a jerk may cause the sensitive accelerometer to give in 

wrong values, which may affect the process which the 

robotic arm is designated to do. 

Another example, for lucid understanding is a 

camera attached to the robotic arm, which is required to do 

some image processing, of the objects travelling on the 

conveyor belt. But if there is a jerk, the camera may not able 

to capture the image properly and thus the image processing 

may fail. Fig. 4 shows jerking off a robotic arm. 

 
Fig. 4: Jerking in Robotic Arm 

Now from the above it is very clear, that, jerking is 

harmful to the robotic arm and can have a negative impact. 

IV. SINUS SQUARE VELOCITY OVER TIME FUNCTION 

Servos are a used in robotic arms to move objects from one 

place to another, but the jerks in them, do not give a real 

humanistic movement. The solution to this is a sinus square 

velocity over time function which can help in smoothing of 

the servos, by slowly accelerating and decelerating them 

according to the desired position. 

This function is used a lot in feedback system 

control systems. It accelerates progressively in the first 

third, continues with almost no acceleration in the second 

third and then decelerates regressive in the last third [4]. 

The sinus square function is gentler to the servo 

gears. The gears grip and slowly start to rotate, thereby 

increasing the life of the mechanical gears. Fig. 5 depicts the 

progressive movement of the servos that result through the 

sinus square function. 

 
Fig. 5: Sinus Square Function 

The sinus square function used is in velocity over 

time. That is the V(t) function. We have to set angles 

(distances) and not velocities; therefore, we need to apply 

some calculus. To calculate the way over time values the 

V(t) function must be integrated to a W(t) function (W for 

way) [3]. The W (t) function must then be scaled, stretched 

and parameterized. 

This function is going to give us the angle for a 

given t and the number of sampling points x. t goes from 0° 

to 180°. x is the amount of sampling points you want. With 

the sampling point amount ,you decide, how many steps the 

movement must make from start to end, that is i.e. if you go 

from 1° to 45° in 30 steps you need to set the x to 30. The 

sinus square equation is given below in Fig. 6. 

 
Fig. 6: Sinus Square Equation 

As we now have the analytical function we need to 

translate it into an Excel formula to then calculate each 

sampling point according to our need. 

To use the integrated sinus square function in the 

embedded C code you need to have a discrete profile. This 

data is going to be in a lookup table so the servo controller 

can use the data to signal the servo to what angle it needs to 

go next. 

Use the below given formula to calculate all the 

necessary angles in Excel sheet for your Servos. 

 =Round( $D$2 / Pi() * ( ( Pi() * A1 ) / $E$2 - cos( ( 

Pi() * A1 ) / $E$2 ) * sin( ( Pi() * A1 ) / $E$2 ) ) , 0 ) 

 The value is in the A column and the amount of 

samples in the $D$2 and the end angle in the 

cell $E$2.  

 Let’s see an example where the below formula is used 

to calculate the angles from 0° to 45° in 100 steps: 

 =Round( 100 / Pi() * ( ( Pi() * A1) / 45 - cos( ( Pi() 

* A1 ) / 45 ) * sin( ( Pi() * A1 ) / 45 ) ) , 0 ) 

 To move the servo from 180 to 0 degree, we use the 

below formula 

 =Round( 180 - ( $D$2 / Pi() * ( ( Pi() *  A1 ) / $E$2 - 

cos( ( Pi() * A1) / $E$2 ) * sin( ( Pi() *  A1 ) / $E$2 ) ) 

) , 0 ) 

 Below given is the sinus square lookup table where t 

goes upto 8 degrees.  
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t Y 
from 0° 

to 180° 
inverse 

from 0° 

to 90° 
inverse 

0 0 0 180 0 90 

1 0.000203066 0 180 0 90 

2 0.00162423 0 180 0 90 

3 0.005480108 0 180 0 90 

4 0.012984347 0 180 0 90 

5 0.02534615 0 180 0 90 

6 0.043768802 0 180 0 90 

7 0.069448205 0 180 0 90 

8 0.103571418 0 180 0 90 

Table 1: Sinus Square Lookup Table 

V. HARDWARE SETUP 

To test and implement the above-mentioned concept, we are 

using an Arduino Uno development board with MG 995 

Servo from Tower Pro. The setup is shown in Fig. 7. 

 
Fig. 7: Setup with Arduino and Servo 

Fig. 8 shows the circuit diagram of the setup 

mentioned. 

 
Fig. 8: Circuit Diagram 

The Software used is the Arduino Integrated 

Development Environment and the code is written in the 

embedded C. 

A snapshot of the code implementing the sinus 

square functions as shown in Fig. 9. 

 
Fig. 9: Sinus Square looks up table 

This below Function is responsible for calculating 

the angle, by referring the lookup table to which the servo 

should move to. 

void move() 

{   for (int angleIndex =0;angleIndex 

<countSinusSquareLookupTableEnteries;angleInde

x++) 

            { 

moveServoTo(angleIndex)); 

indicateMovement(); 

wait(); 

  } 

   waitLong(); 

     for(int   

angleIndex=countSinusSquareLookuptableEnteries

-1;angleIndex>0,angleIndex--) 

           { 

moveServoTo(angleIndex)); 

indicateMovement(); 

wait(); 

} 

waitLong(); 

} 

To get more realistic movement of the robotic 

arms, we use the periodicity of the sinus square and squeeze 

the integral of it from 0° to 25° [5]. The periodical sinus 

gives you now your data from -25° via 0° to 25°. Next the 

wave is lifted up to 65° by adding 65 to the formula. The 

result is visualized in the picture below. The vertical axis is 

the angle and the horizontal axis is time/steps. 25 steps have 

been chosen from 65° to 90° and 25 from 90° to 115° as 

shown by the curve in Fig.10. 

 
Fig. 10: Periodicity of Sinus Function 
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Here is the Excel Table formula:  A2 is a cell with 

one discrete x and the A column contains data [0...50] 

=Round( 25 / Pi() * ( Pi() * A2 / 25 - Cos( Pi() * A2 / 25) * 

Sin( Pi() * A2 / 25)) + 65 ,0) 

To Find the index, move from 90° to 115° and use the 

(50/2 + index) to lookup the angle at the given index. If you 

go from 90° to 65° use the (50/2 - index) for lookup. 

VI. ENERGY REDUCTION 

Now, that we have implemented the code to make the servo 

movement jerk free, we will prove it practically that, 

reduction in jerk  results in reducing the power consumption 

of servos, which in turn increases the life of it[6]. 

A test was conducted on two servos, one with the 

sinus square function and another without it and then the 

power consumptions were recorded. Around 1000 samples 

were taken and then finally, it was proved that, there is a 

decrease in power consumption. Below is the table of power 

consumptions of two test setups mentioned above with 10 

samples. The current consumption is noted in milliamps 

(mA). 

Sinus Square Fn Without Sinus Square Fn 

2.02 49.5 

14.8 57.6 

19.4 51.9 

60.4 58.8 

57.8 68.3 

11.4 55.3 

22.8 59.2 

61.5 64.8 

7 63.3 

4.23 61 

26.135 58.97 

Table 2: Current Consumption 

It is clear, that by implementing sinus square 

function profiling to the servo, there is a huge difference in 

the current drawn by the servos for the same action as 

shown in Fig. 11. Thus considering the huge power 

reduction in robotic arms by implementing the sinus square 

function profiling, the automated industry can pave its way 

to a more sustainable approach to development of the 

products. 

 
Fig. 11: Current reduction with sinus square function 

VII. FUTURE APPLICATIONS 

Robots with their smooth and human realistic motion, will 

aid doctors in performing delicate surgeries where the 

stiffness of the hand is necessary. Robots will be deployed 

in the space to repair satellites, which requires precision and 

delicate handling. 

With such motion profiling algorithms, it is very 

evident that, from a few years from it will be very difficult 

to distinguish between a real human and the robot. 

VIII. CONCLUSION 

An effective method to smooth out the jerking in servos of 

the robotic arms is seen by implementing a sinus square 

velocity over time function profiling to the arms. This 

function really plays an important role in making the 

movements of the robotic arms realistic similar to that of a 

human motion. Apart from that, the power consumption is 

also reduced, thereby increasing the efficiency of robotic 

arms. 
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