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Abstract- A new trend of art of technology development with an advancement of drone operated vehicle is getting popularity 

for the ease of easier image processing, digester management, transportation, irrigation etc. It is a study, development and 
mathematical modeling of drone system. The study includes from fixed remote place the movement of drone on vertical, 

horizontal axis and on 3600 rotation. This prior analysis of drone movement range is to have a prior clear idea with 

mathematical values before placing the drone for desired actual place of remote application with ease and accuracy. The 

human remote controlling and balancing of the drone movement has also been taken under consideration during the 

mathematical calculations.  
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I. INTRODUCTION: 

   Now a days with the advancement of remote sensing technology, the drones are getting popularity and under study 

and experimentation in various fields to perform remote sensing operations. The drones are having popular versatile field of 
applications, such as in the photography, video making, digester management, agricultural fertilizer sprinkler application, in 

search and rescue applications at remote area, in delivering light affordable weight materials, in land area survey for 3-D 

mapping, in the field of security and safety surveillance etc. The battery capacity, battery backup, battery charging time and 

remote controller of the drone plays an important role to perform the drone for the purpose it is being manufactured and 

designed. The Fig. 1 illustrates the commercially available drone for the application of photography and security surveillance 

system. The Fig. 2 is about the commercial drone application in digester management of fire fighting system. In domestic, 

digester relief and engineering application for the transportation of materials the commercially available drone success has 

been illustrated in the Fig.3.  

 

 
 

Fig. 1: Commercially available drone for photography and security surveillance. 

 

http://www.jetir.org/
mailto:1mainak.bhaumik04@gmail.com


© 2019 JETIR  March 2019, Volume 6, Issue 3                                                  www.jetir.org  (ISSN-2349-5162) 

 

 

JETIRAS06002 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 6 
  

 
 

Fig. 2: The Commercial drone in digester fire fighting system application. 

 

II. PROBLEM DEFINITION: 

 

 The problem definition includes about the study of drone range determination and compatibility in performance to serve the 

designed range of the drone. A systematic mathematical calculation involves the drone load carrying capacity and carrying 

such designed load with self-load to perform the operation. The parameters considered in problem identification and 

definition under study and analysis involves self-weight and desired weight carrying capacity, drag and thrust forces acting 

and the influence of motion on the drone system. Here under analysis and study a four blades and rotors system drone has 

been taken under consideration and shown in Fig 4.   

 

 
 

Fig. 3: In industrial material transportation purpose the involvement of commercially successful drone. 

 

 

 
 

Fig. 4: Problem definition involvement parameters under study and analysis. 
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III. METHODOLOGY 

 

 The constructional methodology of the drone preparation involves preparation of aerofoil shape blades, brushless motors, 

drone body and material carrying device, rechargeable lithium ion battery remote control sensor. The proper design, 

assembly, balancing and experimentation by taking trial of drone involves the manual or automatic activity. In design and 

calculation part the detail calculation has been carried out by manual calculation. The drone movement analysis and basis 

detailed calculations can be analyzed by using commercially available software also. The Fig. 5 illustrates the involvement of 
major parts in drone preparation and assembly. This is an example of drone with camera for photography and video foot 

aging purpose for entertainment and security surveillance or for land survey and image collections for data analyzing.  

In mathematical modeling the following parameters are taken under consideration, ξ for linear movement, ͢η for angular 

movement, θ for pitch angle, Ф as rolling angle, ѱ as yaw angle and q stands for vector of liner and angular position. These 

defined parameters are written in the form of matrix in the eq. 1.  The linear and angular velocities are written in the eq. 2. 

The rotational phenomena, R of the drone has been shown in terms of equation in eq. 3. A schematic diagram of the factors in 

the calculations has been illustrated for better visualization and understanding in the Fig. 6. The table 1 tabulated the assumed 

values of the factors, parameters and constants.  
 

 

 
 

 
 

   
I is for the inertia factor has been plotted in matrix is as shown in eq. 5. The angular force fi  is the factor of angular rotation 

ωi which is shown in the eq. 6, while the k is a constant of proportionality, having value of consideration as mathematical 

value of 2.960 x 10-6.  The torque, τ produced by the rotor has also been equated in the eq. 6.  

  

 
Due to rotor and blade rotation the axial upward thrust, T generated can be calculated by using the eq. 7. In the same upward 

direction the torque, τB produced has been written in terms of matrix form in the eq. 8.  

 

 
When the blade starts rotating, the centrifugal forces come in picture and also the momentum phenomena are as shown in the 

eq. 9. The term ( m VB), momentum  and  v x (m VB) is centrifugal force factor. The gravity term considered as RTG. 
Considered TB  as total value of thrust parameter.  
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The combined magnitude of gravity and thrust is as shown in the eq. 10. It contributes to understand the acceleration 

phenomena.  

 
The influence of angular acceleration on the drone body frame is Iv 

 
The body force acceleration, W-1

η with respect to time derivative is as shown in eq. 12.  

 
The Lagrangian term, L of energy is the summation of translational energy Etrans and rotational energy Erot . It has been 

shown in the eq. 13 and 14.   

 

 
The external linear force, f is the blade rotor thrust. This has been expressed by using eq. 15. 

Jacobian equation, J(η) is expressed in eq. 15 and 16.  

 

 
 

The rotational inertial force Erot is also expressed in the eq. 17. 

 

 
 

The combined Euler-Lagrange equations are as expressed in eq. 18 and eq. 19.  
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In the matrix form Coriolis equations,  C(η,η.) of gyroscopic and centrifugal factor is as expressed in the eq. 19.  

 

 
 

The equivalent equation of angular movement, η is as expressed in the eq. 20. 

 
The aerodynamic effect with diagonal co-efficient are as expressed in the eq. 21.  

 

 
 

 

 

      

 
Fig.5: An illustration of major components requirements in camera loaded drone assembly system.  

 

 
 

Fig.6: Schematic diagram of the values and factors of the terms in drone modeling and calculations. 
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Table 1: Values for calculations. 

 

 
 

IV. RESULTS AND DISCUSSIONS: 

 
 Considering the equations and substituting the considered parameter values the calculations has been performed. The various 

iterations are being plotted in terms of graphs. The Fig. 7 illustrates the time transient calculations of rolling angle Ф, pitch 

angle θ and yaw angle ѱ. One more time transient analysis with respect to input angular speed (ωi) is as shown in the Fig. 8. 

The Fig. 9 is about the time transient v/s drone moving position in different axis of movement.   

 

 
 

Fig. 7: Time transient v/s Angle of motion.  
 

 
                  Fig. 8: Time transient v/s input control angular speed (ωi).  

 

 

 
Fig. 9: Time transient v/s drone movement position in different axis.  
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V. CONCLUSION 

 

After a study and analysis it can be derived a conclusion that in drone designing prior mathematical calculations to be carried 

out to avoid the failure of the drone and to know the range and prior performance estimation of the drone performance. The 

considered parameters to be written in the form of matrixes and to be solved and analyzed the data and obtained values of 

range, force, velocity vectors, momentum etc. From the various plots of time transient v/s drone linear movement, angular 

position and input angular movement it can be concluded for the same time transient parameters of upto six seconds that the 

horizontal x directional movement is quite rapid. For the considered parameters the drone can perform the operation of 
movement within six seconds upto a distance of one meter.    
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