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Get more global exposure 
Self confidence is the first key

Simple structure Easy assembly capability Large workspace Low mass and volume

Cable Suspended Parallel Robots
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Mechanism Description

CPRA System
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4
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Mechanism Description

6

• 3 motors and 2 cables

• 4 moving pulleys and 10 fixed pulleys

• Winds and unwinds simultaneously

• Asymmetric design

• Workspace Improvement

• Low maintenance costs
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Modeling assumptions

𝛿𝑥1 = 𝛿𝑦1 = 𝛿𝑥2 = 𝛿𝑦2 = 0

𝑛𝑟 = 𝑛𝑏 , 𝑚𝑟 = 𝑚𝑏 , 𝑘𝑟 = 𝑘𝑏 , ℎ𝑟 = ℎ𝑏

3 degrees of freedom

Point mass moving platform
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Kinematics
CPRA System

• Invers Kinematics

• Forward Kinematics

• Kinematics Simulation



8June 30, 2020 K. N. Toosi University of Technology, Advanced Robotics and Automated Systems (ARAS)

Inverse Kinematics
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Inverse Kinematics
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Inverse Kinematics
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Inverse Kinematics

Inverse
Kinematics

𝑥

𝑦

𝑧
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Forward Kinematics

New Variables

Geometric Equality
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Forward Kinematics

Forward
Kinematics
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Forward Kinematics (Analytical vs. Numerical)
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Jacobian Analysis
CPRA System

• Velocity Analysis

• Jacobian Simulation

• Singularity Analysis

• Stiffness Analysis

• Sensitivity Analysis
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Jacobian Analysis

 𝜃 = 𝐽  𝑋
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Adams Simulation
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Singularity Analysis
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Sensitivity and Stiffness Analysis
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Dynamics Formulation

CPRA System
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Regardless of the mass of the cables
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Dynamic Modeling with Considering The Mass of Cables

Velocity flow

Length change
Velocity flow

+

Length change

Velocity analysis of center of the mass of cables
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Dynamic Modeling with Considering The Mass of Cables
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Dynamic Formulation of the Limbs
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Dynamic Formulation of the Limbs
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Dynamic Formulation of the Moving Platform
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Dynamic Formulation of the Whole Manipulator
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Motion Control

• Decentralized PD

• Feed Forward

• IDC

• Partial IDC

• Robust

CPRA System
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Decentralized PD Controller
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Decentralized PD Controller
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Decentralized PD Controller
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Feed Forward Control
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Feed Forward Control
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Feed Forward Control
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IDC Controller
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IDC Controller



37June 30, 2020 K. N. Toosi University of Technology, Advanced Robotics and Automated Systems (ARAS)

IDC Controller
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Partial IDC Controller
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Partial IDC Controller
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Partial IDC Controller
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Robust Controller
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Robust Controller
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Robust Controller
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Motion Control Adams Simulation
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Force Control
CPRA System

• Stiffness Control

• Impedance Control
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Stiffness Control
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Stiffness Control
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Stiffness Control
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Stiffness Control (5x)
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Stiffness Control (5x)
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Stiffness Control (5x)
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Impedance Control
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Impedance Control
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Impedance Control
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Impedance Control (2)
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Impedance Control (2)
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Impedance Control (2)
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Thank You


