Module VII: Computational Tools

Overview

Simulation software has become an integral part of control systems and robotics engineering,
allowing for the modeling, analysis, and validation of designs before hardware implementation.
Leading platforms include MATLAB/Simulink, Scilab/Xcos, and RoboDK, each offering unique
features for simulation, control design, and robot programming.

1. MATLAB & Simulink for Control Systems and Robotics

Key Features

Modeling and Simulation: MATLAB and Simulink provide tools to model linear and nonlinear
plant dynamics. Users can simulate, analyze, and optimize the performance of control
algorithms, mechanical systems, and robotics applications 1 (21

Controller Design: Supports interactive design and tuning of PID, LQR, LQG, model
predictive controllers, and more using tools like root locus, Bode plots, and frequency
response analysis{2 3],

Time and Frequency Domain Analysis: Analyze system performance via overshoot, rise
time, phase/gain margins, and system response characteristics{2l.

Automatic Code Generation: Enables deployment of control algorithms onto embedded
hardwarel2l.

Teaching and Demonstration: Provides block diagram environments for interactive
demonstrations and student engagementfﬁl.

Example Projects

PID Controller Design: Simulating and tuning PID controllers for motors or process plants
using Simulink.

Robot Arm Kinematics: Simulating direct and inverse kinematics of robotic manipulators.

Path Planning and Trajectory Tracking: Designing and testing algorithms for mobile robots
in dynamic environments.

Hardware-in-the-Loop (HIL) Testing: Integrate simulation with hardware for early
validation of embedded control systemsSl.



2. Scilab/Xcos for Control Systems and Robotics

Key Features

Open Source: Scilab is a widely used open platform for numerical computation and
simulationL6l.

Model-Based Design: Supports modeling mechanical, electrical, and software components.
Xcos—Scilab’s graphical block diagram tool—offers an environment similar to Simulink 1.

Controller Synthesis and Validation: Advanced features for designing robust controllers,
linearizing complex models, and optimizing multi-variable, highly coupled systems. Xcos
supports building augmented plants and automated controller tuning 1.

Embedded Code Generation: Ability to generate optimized C/C++ code for embedded
control applications1él.

Real-Time Control: Facilitates rapid control prototyping using real-time hardware platforms
and microcontrollers(8l,

Robotics Simulation: Toolbox for robotic manipulator kinematics, including modeling and
analyzing robots like the PUMA 56081,

Example Projects

PID Controlled Robotic Arm: Coupling Scilab/Xcos with optimization tools for tuning robot
arm controllers[8l,

Hybrid Remotely Operated Vehicle (HROV): Nonlinear modeling, controller synthesis, and
simulation for multi-domain systems!Zl,

Kinematic Modeling and Simulation: Direct and inverse kinematics computation and
visualization for industrial robots 2l

3. RoboDK for Robotics Simulation

Key Features

Industrial Focus: RoboDK is designed for simulating and programming a vast library of

industrial robots from over 50 manufacturers, including ABB, Fanuc, KUKA, and Universal
Robots 10l 11

Offline Programming: Allows users to develop and validate complete robot programs
outside the production environment, reducing time and risks associated with shop-floor
programming 1121 111

3D Modeling & CAD Integration: Supports import of 3D models (STEP, IGES, STL) and
direct integration with CAD/CAM software for detailed cell and robot design 19l [

Collision Detection and Path Optimization: Evaluates reachability, cycle times, and
collision-free paths within virtual work cells{12l,

APl and Scripting: Offers APIs in Python, MATLAB, and other languages for advanced
programming and automation131 [10]



e Educational and Industrial Applications: Demonstrates concepts such as pick and place,
welding, painting, machining, palletizing, and more[!l.

Example Projects

¢ Pick and Place Automation: Simulate robotic cell layouts, path planning, and program
validation for part transfer.

¢ Robotic Machining/3D Printing: Plan and optimize multi-axis tasks, converting CNC
toolpaths for robotic armsi,

¢ Multi-Robot Coordination: Model and simulate collaborative tasks, including synchronized
movement and resource sharing.

¢ Integration with MATLAB: Use MATLAB algorithms for path planning and deploy results to
RoboDK environmentsJ9l,

Comparison Table

Software Focus Area Key Strengths Typical Applications
Control systems, Advanced control design, rich Controller tuning, system modeling,
MATLAB . . . . . 213
robotics analysis tools, code generation kinematics, frequency analy5|sL1 3]
Scilab Control, embedded Open-source, cost-effective, C'ontrol ?Igor|thm vahdapon, rgbo}gz
systems, robotics real-time prototyping I?;?%Tatlcs, embedded simulation =
Extensive robot library, 3D cell Pick/place, machining, offline
RoboDK Industrial robotics simulation, offline programming, collision studies [191 [12]
ko]

programming

Educational Value

Simulation-based demonstrations using these tools provide:
¢ Visualization: Helps students grasp abstract concepts such as stability, system dynamics,
and kinematics.
¢ Iterative Development: Allows testing and refining of ideas without physical hardware.
o Real-World Skills: Equips learners with industry-relevant software experience.

e Project-Based Learning: Encourages hands-on experimentation with real and virtual
models.
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