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CONTROL LAW OF MOTION CONTROL OF A DELTA ROBOT ADAPTED TO 

DIGITAL SYSTEMS WITH NOT HIGH PERFORMANCE 

 

The delta robot is a parallel robot, which means there is more than one kinematic chain from 

the base to the actuator of the robot [1]. It has three translational and one rotational degree of freedom. 

The basic idea is the use of a parallelogram. These parallelograms restrict the movement of the final 

platform for precise displacements. Only translational movements of the platform and its maintenance 

parallel to the base plane are allowed [2]. 

 
Kinematics of Delta robot. In this section, a summary of kinematics calculations is given.  

In the inverse kinematics, as shown in Fig. 1(b), the position of 𝐻𝑖 is calculated as the 

intersection of (1) and (2). The length 𝐻𝑖𝐵𝑖
′ is the length of the x-z plane projection of 𝐻𝑖𝐵𝑖 and is 

calculated by (3). Then, each arm angle 𝛼𝑖 is calculated by the position of 𝐻𝑖, as shown in (4). 
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Such algebraic simplicity is obtained from a good choice of the reference frame for the case 

when 𝑖 = 1. To keep this advantage and find the two remaining arm angles, the symmetry of deltas 

is used by means of the matrix (5), which rotates coordinates of the end-effector in the 𝑋𝑌-Cartesian 

plane counter-clockwise through an angle 𝜃 (𝜃 = 120° to get 𝛼2 and 𝜃 = 240° to get 𝛼3) round 𝑍-

axis with the help of transformation (6.1a): 

 

𝑅(−𝜃) = [
cos 𝜃 sin 𝜃

− sin 𝜃 cos 𝜃
], (5)     𝑅(−𝜃):

𝑖(∙),𝑢(∙)
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′. (6.1a) 

(а) Forward kinematics 
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(b) Inverse kinematics 

Fig.1 - Kinematics 



𝑖 ∈ [1: 3], (6.1b) 𝑢 ∈ [𝑢−, 𝑢+], (6.1c) 𝜓(𝑢) = {
𝑢− ∶ u < 𝑢− 

𝑢 ∶  𝑢 ∈ [𝑢−, 𝑢+]

𝑢+ ∶ u > 𝑢+
, (6.1d) 

 

with vertexes of bottom delta 𝐵𝑖 ∈ ℝ2 subject to box constraints (6.1b) and (6.1c) via (6.1d).  

In the forward kinematics, as shown in Fig. 1(a), the point 𝐻𝑖 is calculated based on reference 

for 𝛼𝑖. The end position 𝐵0 is calculated as the intersection of the three sphere equations centring in 

𝐻𝑖
′. The equations are as follows:  
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