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ABSTRACT. In this article, the authors demonstrate the methodology and research of creating a 

telemanipulator simultaneous operating with a mobile robot with six degrees of freedom (6 DoF). 

Manipulators of this type can be used in conjunction with flying robots as helicopters, quadrocopters, 

airplane flying systems and UAV. Presented and analyzed are considerations for effective design of the 

mechanical construction of the mobile manipulation system. Kinematic and dynamic analysis was 

performed in a simulation environment. The possibilities of simultaneous control by the supervisor of the 

manipulative and flied system are presented. The main purpose of this article is to present a simple yet 

effective design method, kinematic and dynamic analysis remotely controlled manipulating system 

working in conjunction with a spatial mobile robot. 
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1. Introduction 

In the last years the interest of Unmanned Aerial Vehicle (UAV) is fast growing. There 

were developed many successful models of UAV for surveillance, econnaissance, search, 

rescue, transport of goods and even aerial manipulation. Already in use are multi-rotary flying 

systems and systems with a rotary wing. There were developed very effective electric stabilizing 

systems that allow wide spectrum of use. The technological advance contributed to an 

innovative approach when it comes to solving problems in space. The use of electric systems for 

orientation and stabilization in space, compared to GPS and local communication network of 

mechanical systems, reached high precision while having a light weight and a small size at the 

same time. These facts are the reason to create a manipulator whose local structure known 

gripping system could reach any point in space, as well as its overall structure also could move 

freely in space. Types of similar structure are the schemes, where together with the flying 

system with a rotary wing or with multiple rotors is being attached a manipulator, right onto the 

body. Such an example is the Project of the European Commission of FP7 ARCAS (FP-

287617), which offered recently the development of a robotic system for an assembly of similar 

structures. For the realization of such an idea is being attached a light manipulator with 6 

degrees of freedom (DOF), on board of the UAV with rotary wing. These types of systems deal 

successful with positioning of the manipulator, but still have low efficiency rate, because the 

gripper creates extra momentum power according to the center of gravity of the flying system 

and intervenes in wide spectrum. The relative high weight of the manipulator and its low 

payload, reduce the use of such systems in real situation. Considering those facts, our study is 

focusing on optimization of payload, accuracy and dynamics of the system.  
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 2. Concept development  

 2.1. Materials and preparation 

The design of such a system depends on the choice of a proper scheme and construction 

of the manipulator, according to the abilities of different self-stabilizing flying systems. In order 

to reach low speed and high precision of movement is being chosen a multi-rotary system with 6 

rotors, which are situated flat, symmetrically and concentrically towards the center of the 

structure and the center of gravity. The materials of which is made the structure are composite: 

fiberglass, carbon and aluminum. Mainframe construction consists of two layers between which 

are connected composite tubes that are the base where are attached the electromotors of the 

rotary groups. The center of the structure is a place where it is being attached the mainframe 

with a flexible structure us a cable to the global structure and the gripper.  

2.2. Study of the characteristics of manipulation  

The structure could be realized in several different ways in order to reach 6 DOF. In 

overall theory, it has been calculated that all movements should be around the center of gravity, 

which limits the types of the grippers that could be used. This fact is objective but not limiting, 

because the system has less momentum deviation, compared to the systems where the 

manipulator is with a long shoulder and must be find a solution to overcome the extra 

momentum. 

 

 Remotely piloted manipulator consist of the following subsystems: 

- Hexacopter set with limited degrees of freedom, one angular - yaw and one linear - 

up and down. The center of gravity of the hexacopter is connected to CG of flying 

platform by rod assuring the linear up and down motion. 

- Gripper with two angular Degrees of Freedom – roll and pitch.  

The origin of reference coordinate system is in the center of gravity of flying platform. The 

general dynamics equations of hexacopter could give precise solution for further analysis. Of 

course, those equations should be modified according to kinematics of gripper.   

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Hexacopter set scheme 
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 3. Theoretical approach  

 This section deals with the coordinate systems and the reference frames chosen to 

describe the hexacopter dynamics. First of all, the classical Euler parametrization is treated; in 

other words, the angular orientation of the aircraft’s body is described by three Euler angels, 

that represent an ordered set of sequential rotations from a reference frame to a frame fixed in 

the body. Although this formulation is easy to develop and visualize, it fails in specific 

configurations and therefore it is not an effective method for aircraft dynamics. Two alternatives 

to circumvent the singularities associated with the computation of Euler angles are Direct 

Cosines Matrix (DCM) and quaternions. Nevertheless, nine elements of DCM should be 

computed, so quaternions, based on the Euler’s rotation theorem, represent a more efficient 

singularity-free set since the orientation can be characterized by a single rotation (one 

parameter, i.e. the Euler angle) around an axis (three parameter, i.e. the direction cosines of the 

rotation axis). In the following the quaternions are introduced and then used to formulate the 

dynamical equations. 

 

Fig. 2. The body frame of a hexacopter 

 

The schematic structure of the hexacopter is illustrated in Figure 2. In order to describe 

the hexacopter motion only two reference systems are necessary: earth fixed frame and body 

frame. The motion of an aircraft is always planned by using geographical maps, so it is useful to 

define an earth fixed frame tangent to the earth surface. One of such a frame is the system that 

uses the North, East and Down (NED) coordinates. The origin of this reference system is fixed 

in one point located on the earth surface and the X, Y , and Z axes are directed to the North, 

East and down, respectively. This earth fixed frame is seen as an inertial frame in which the 

absolute linear position (x; y; z) of the hexacopter is defined. 

The mobile frame (XB; YB;ZB) is the body fixed frame, that is centered in the hexacopter 

center of gravity and oriented as shown in Figure 1.  
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 4. Control and stabilization 

 In recent years, it has been found that the design of the "sliding control mode" is a 

challenging subject, both theoretically and practically. This approach is widely used in the 

control of robotic manipulators, high-precision displacement systems, and more. In addition, 

there has been a sharp increase in research done to actively stabilize 2D and 3D space-based 

systems, which gives accuracy and resolution sufficient to position in video surveillance and 

object tracking. The sliding mode is the main mode of operation in variable fixed and rotary 

wing flying systems. 

 According to classical theory, the slider mode signal is interrupted over time, resulting 

in the shake phenomenon. In practice, such a control signal is difficult to realize. Parameters of 

the sliding surface may take time in the first stage of the design process. 

It was found that the system based on sliding-mode control offered considerable 

performance improvements in accuracy and robustness of the gyro stabilization of flying 

platform. Proposed sliding mode control shown in the Figures will be used to control roll, pitch 

and yaw of the hexacopter set.  
 

 

 

Fig. 3. Connection of the two ideal subsystems of the overall dynamical system 
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Fig. 4.  General view of the proposed control algorithm 

  5. Conclusion 

 This article analize and select the successful  design and  control  of a mechanical 

manipulator with 6 DOF. An important factor is its efficiency, due to the fact that its lifting 

capacity is greater than its own weight. The manipulator can be used in both full-size flying 

systems and small UAVs.  The proposed system simultaneously use of rotary wing systems and 

fixed wing systems. An effective prototype and its testing will be developed in a real 

environment which could proof the concept and investigate functionality in real environment. 
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