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Robot Programming Lab

List of Experiments

Introduction to programming in Python, ROS, C, C++, MATLAB, etc.
Creation of arrays.

Mathematical operations with arrays.

Creation of 2D plots.

Creation of 3D plots.

Curve fitting with polynomials.

Programming applications in numerical analysis.

Robot programming and path planning.

Controlling of robotic manipulator using Arduino/Robot programming.

Do-It-Yourself (DIY) experiments (Students should take a real-world issue, decide on a
solution, and implement it).
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Experiment No. 1
Title: Introduction to Programming in Python, C, C++, MATLAB, and ROS

1. Introduction and Overview

1.1 Objective

This experiment aims to provide an introductory understanding of programming languages and
environments commonly used in robotics: Python, C, C++, MATLAB, and ROS (Robot Operating

System). The session will help students familiarize themselves with basic syntax, programming

constructs, and applications relevant to robotics.

1.2 Overview of Programming Languages and Environments

e Python: A versatile, high-level programming language widely used for scripting, data
processing, and Al applications in robotics. Known for its simplicity and large libraries.

e C: A procedural programming language foundational to robotics firmware and embedded
systems.

e C++: An extension of C that supports object-oriented programming, essential for
performance-critical robotics applications.

e MATLAB: A numerical computing environment and programming platform often used for
simulations and algorithm prototyping in robotics.

e ROS: An open-source framework for writing robot software, providing tools and libraries for
building robotic systems.

2. Software Environment
e Python: Python 3.8 or later; IDE: PyCharm or VS Code.
e C: GCCor MinGW Compiler; IDE: Code::Blocks or VS Code.
e C++: GCC/G++ Compiler; IDE: Code::Blocks, VS Code, or CLion.
e MATLAB: MATLAB R2022b or later.
e ROS: ROS 2 Humble Hawksbill; Ubuntu 22.04.
System Requirements:
e Operating System: Windows 10, Linux (Ubuntu), or macOS.
e Processor: Intel Core i5 or equivalent.
¢ RAM: Minimum 8 GB.

e Storage: At least 50 GB of free space.

3. Methodologies to Perform the Experiment




3.1 Setup and Initialization
1. Python:
o Install Python from the official website.
o Set up an IDE (PyCharm or VS Code).
o Verify installation using python --version in the terminal.
2. Cand C++:
o Install GCC or MinGW Compiler.
o Set up the IDE (e.g., Code::Blocks) and link the compiler.
o Verify installation using gcc --version in the terminal.
3. MATLAB:
o Install MATLAB and activate the license.
o Launch MATLAB and ensure all toolboxes are available.
4. ROS:
o Install ROS 2 Humble on Ubuntu.
o Source the ROS environment using source /opt/ros/humble/setup.bash.
o Verify the installation using ros2 --version.
3.2 Writing and Executing Basic Programs
1. Python:
o Write a basic "Hello, World!" program and execute it.
o Example:

print("Hello, World!")

2. C
o Write a "Hello, World!" program and compile it using GCC.
o Example:
#include <stdio.h>
int main() {
printf("Hello, World'\n");
return O;
}
3. C++:

o Write a "Hello, World!" program and compile it using G++.




o Example:
#include <iostream>
using namespace std;
int main() {
cout << "Hello, World!" << endl;

return O;

}
4. MATLAB:

o  Write a script in the Command Window or Editor.
o Example:
disp('Hello, World!");
5. ROS:
import rclpy

from rclpy.node import Node

class HelloWorldNode(Node):
def __init__ (self):
super().__init_ (‘hello_world_node')

self.get_logger().info('Hello, ROS 2 World!")

def main(args=None):
rclpy.init(args=args)
node = HelloWorldNode()
rclpy.spin(node)
rclpy.shutdown()

if _name_ =='_ main__":
main()

3.3 Running and Debugging
e Compile and execute programs in respective environments.

e Debug any errors using built-in debugging tools.




4. Expected Outcomes
5. Understand the basic syntax and structure of Python, C, C++, MATLAB, and ROS programs.
6. Execute and debug basic programs in each environment.

7. Develop a foundational understanding of programming tools used in robotics.

5. Common Errors and Troubleshooting
6. Python:

o Error: "Module not found."

o Solution: Install the required module using pip install module_name.
7. C/C++:

o Error: "gcc: command not found."

o Solution: Ensure the compiler is installed and added to the PATH.
8. MATLAB:

o Error: "Function not recognized."

o Solution: Ensure the required toolbox is installed.
9. ROS:

o Error: "ROS environment not sourced."

o Solution: Source the environment using source /opt/ros/humble/setup.bash.

6. Thought-Provoking Questions

7. What are the differences between Python and C++ in terms of usage in robotics?
8. Why is MATLAB widely used for robotics simulations?

9. How does ROS simplify the process of building robotic applications?

10. What are the challenges in debugging programs across different environments?

11. Which language would you choose for real-time robotic applications and why?

7. Applications of Programming in Robotics
8. Python: Data processing, Al integration, and scripting.
9. C: Embedded systems and firmware.

10. C++: Performance-critical algorithms and control systems.




11. MATLAB: Simulation, prototyping, and numerical analysis.

12. ROS: Developing modular robotic systems.

This concludes the experiment on the introduction to programming in Python, C, C++, MATLAB, and
ROS.
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ttinclude <stdio.h>
int main() {

printf("Hello, World!\n");

return O;
}
3. C++:
#include <iostream>
using namespace std;
int main() {
cout << "Hello, World!" << endl;
return O;
}
4. MATLAB:

disp('Hello, World!");
5. ROS (Python):
import rclpy
from rclpy.node import Node
class HelloWorldNode(Node):
def __init__ (self):
super().__init__ ('hello_world_node')
self.get_logger().info('Hello, ROS 2 World!")
def main(args=None):
rclpy.init(args=args)
node = HelloWorldNode()
rclpy.spin(node)
rclpy.shutdown()
if _name_ =='_ main__":

main()
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Experiment No. 2

Title: Creation of Arrays in MATLAB and Python

1. Introduction and Overview

1.1 Objective

This experiment aims to introduce students to the creation and manipulation of arrays using MATLAB
and Python. Students will explore how to initialize, access, and perform basic operations on arrays.
This hands-on session will help students understand the fundamental differences and similarities
between array handling in MATLAB and Python.

1.2 Overview of MATLAB and Python Arrays

MATLAB: MATLAB'’s primary data structure is the matrix, and arrays are treated as special
cases of matrices. MATLAB is widely used for mathematical modeling, simulations, and
scientific computations.

Python: Python provides powerful libraries such as NumPy for handling arrays. Arrays in
Python are versatile and are frequently used for numerical computations and data
manipulation.

2. Software Environment

2.1 Software Used

MATLAB R2023a or later

Python 3.10 or later with NumPy library installed

2.2 System Requirements




e Operating System: Windows 10 or later, macQOS, or Linux
e Processor: Intel Core i5 or equivalent

¢ RAM: Minimum 8 GB

e Python Libraries: NumPy, Matplotlib (optional for visualizations)

3. Methodologies to Perform the Experiment
3.1 Array Creation in MATLAB
1. Initialization of Arrays:
o Create arrays using square brackets []:
A =11, 2,3, 4]; % Row vector
B =[1; 2; 3; 4]; % Column vector
C=11, 2; 3, 4]; % 2x2 Matrix
o Use built-in functions:
D = zeros(3, 3); % 3x3 matrix of zeros
E = ones(2, 4); % 2x4 matrix of ones
F = linspace(0, 10, 5); % Linearly spaced vector
2. Accessing Array Elements:
o Indexing starts at 1 in MATLAB:
element = A(2); % Access 2nd element of array A
row = C(1, :); % Access the first row of matrix C

3. Operations on Arrays:

o Element-wise addition, subtraction, and multiplication:

G =A+ B'; % Add row and column vectors
H = C.* 2; % Element-wise multiplication
3.2 Array Creation in Python
1. Initialization of Arrays:
Using NumPy:
import numpy as np
A =np.array([1, 2, 3, 4]) # 1D array
B = np.array([[1, 2], [3, 4]]) # 2D array

C =np.zeros((3, 3)) # 3x3 matrix of zeros




D = np.ones((2, 4)) # 2x4 matrix of ones
E = np.linspace(0, 10, 5) # Linearly spaced vector
2. Accessing Array Elements:
o Indexing starts at 0 in Python:
element = A[1] # Access 2nd element of array A
row = B[O, :] # Access the first row of matrix B
3. Operations on Arrays:
o Element-wise addition, subtraction, and multiplication:
F = A+ np.array([10, 20, 30, 40]) # Add arrays

G =B * 2 # Element-wise multiplication

4. Expected Outcomes
1. Students will be able to create and manipulate arrays in both MATLAB and Python.
2. Understanding the syntax and differences in handling arrays between MATLAB and Python.

3. Familiarity with indexing, initialization, and basic array operations in both environments.

5. Common Errors and Troubleshooting
1. MATLAB:
o Error: "Index exceeds matrix dimensions."
» Solution: Ensure the index value is within the array size.
o Error: "Matrix dimensions must agree."
» Solution: Use element-wise operators (e.g., .*, ./) for array operations.
2. Python:
o Error: "IndexError: index out of bounds."
»  Solution: Ensure the index starts from 0 and is within the array range.
o Error: "ValueError: operands could not be broadcast together."

= Solution: Check the shapes of arrays before performing operations.

6. Thought-Provoking Questions
1. How do the indexing conventions in MATLAB and Python differ?

2. What are the advantages of using NumPy for array manipulations in Python?




3. How can you create a 3D array in MATLAB and Python?
4. Discuss the use of linspace in MATLAB and its equivalent in Python.

5. What are the benefits of using built-in functions for initializing arrays?

7. Applications of Array Operations
1. Data analysis and visualization in scientific research.
2. Signal processing in engineering.
3. Simulation of mathematical models.

4. Machine learning and artificial intelligence.

This concludes the experiment on the creation of arrays in MATLAB and Python.
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Experiment 3

Title: Mathematical Operations with Arrays

1. Introduction and Overview
1.1 Objective

This experiment aims to familiarize students with performing various mathematical operations on
arrays using MATLAB and Python. Students will learn how to perform element-wise and matrix-based
arithmetic operations, apply mathematical functions, and manipulate arrays for computational
purposes.

1.2 Overview of Arrays




Arrays are fundamental data structures used for storing and performing operations on a collection of
numerical data. In MATLAB and Python, arrays are versatile and can be manipulated easily to
perform mathematical operations such as addition, subtraction, multiplication, division, and complex
mathematical computations.

2. Software Environment
MATLAB Environment:
e Software Used: MATLAB R2023a (or equivalent version)
e System Requirements:
o Operating System: Windows/Mac/Linux
o Processor: Intel Core i3 or higher
o RAM: Minimum 4 GB
Python Environment:
e Software Used: Python 3.9 (or newer)
e Libraries Required: NumPy
e System Requirements:
o Operating System: Windows/Mac/Linux

o Python IDE: Jupyter Notebook, VS Code, or PyCharm

3. Methodologies to Perform the Experiment
3.1 MATLAB Implementation:
1. Creating Arrays:

% Define arrays
A=[1,2,3;4,5,6;7,8,9];
B=1[98,7;6,5,4;3,2,1];

2. Element-wise Operations:

% Addition
C=A+B;

% Subtraction
D=A-B;

% Multiplication

E=A.* B; % Element-wise




% Division
F=A./B; % Element-wise
3. Matrix Operations:
% Matrix multiplication
G = A * B; % Ensure dimensions match
% Transpose
H=A"
4. Mathematical Functions:
% Applying functions
sqrt_A = sqrt(A); % Square root of elements
exp_A =exp(A); % Exponential of elements
sin_A =sin(A); % Sine of elements
5. Displaying Results:
disp('Result of Addition:'), disp(C);
disp('Result of Element-wise Multiplication:'), disp(E);
3.2 Python Implementation:
1. Creating Arrays:
import numpy as np
# Define arrays
A =np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]])
B = np.array([[9, 8, 7], [6, 5, 4], [3, 2, 1]])
2. Element-wise Operations:
# Addition

C=A+8B

# Subtraction
D=A-B
# Multiplication
E=A*B
# Division

F=A/B




3. Matrix Operations:
# Matrix multiplication
G = np.dot(A, B)
# Transpose
H=AT
4. Mathematical Functions:
# Applying functions
sqrt_A = np.sqrt(A) # Square root of elements
exp_A =np.exp(A) # Exponential of elements
sin_A =np.sin(A) # Sine of elements
5. Displaying Results:
print("Result of Addition:", C)

print("Result of Element-wise Multiplication:", E)

4. Expected Outcomes
1. Ability to perform element-wise arithmetic operations on arrays.
2. Understanding of matrix multiplication and transposition.
3. Application of mathematical functions to arrays.

4. Proficiency in displaying and interpreting results in MATLAB and Python.

5. Common Errors and Troubleshooting
1. Error: Mismatched array dimensions for matrix multiplication.

o Solution: Ensure the number of columns in the first array equals the number of rows
in the second array.

2. Error: Division by zero in element-wise operations.
o Solution: Avoid zero values in the denominator array.
3. Error: Undefined function or variable in MATLAB.

o Solution: Verify that the function or variable is defined in the workspace.

6. Thought-Provoking Questions

1. What is the difference between element-wise and matrix-based operations?




2. How can you handle arrays of different sizes for mathematical operations?
3. What are some real-world applications of matrix multiplication in robotics?
4. Why is the transpose operation important in matrix computations?

5. How can mathematical functions like sine and exponential be used in robotic control
algorithms?

7. Applications of Array Operations
1. Robotic Control: Arrays are used to compute kinematics and dynamics of robotic systems.
2. Data Analysis: Manipulating large datasets for statistical computations.
3. Image Processing: Arrays represent pixel intensities for image transformations.

4. Machine Learning: Arrays are used for training models and handling datasets.

This concludes Experiment 3: Mathematical Operations with Arrays.
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% WerleT oI el
sqrt_A = sqrt(A); % dcal T GaHel
exp_A =exp(A); % dcal T ©TdIh
sin_A=sin(A); % dcdl I ATST

5. gftorme feEm:
disp('sits @ 9fomar:'), disp(C);
disp('ded-FRIF I[oT 1 IROMA:'), disp(E);

3.2 Python HT=aa:
1. QXS FTeIT:

import numpy as np
# ot & e &
A =np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]1)
B = np.array([[9, 8, 7], [6, 5, 4], [3, 2, 1]])
2. Ia-Fadg HATA:
#3g
C=A+B

# Uciq

#ap
E=A*B
# faerrSTaT
F=A/B
3. ﬁf«}'ﬂ-‘& el
# Afgaw aom
G = np.dot(A, B)

# et




# herRTeT oI el

sqrt_A = np.sqrt(A) # deal &1 aIveel
exp_A =np.exp(A) #dcal & °Tdih

sin_A =np.sin(A) #dcal &l TSI

5. IRoTH @

print("Sg & IROTH:", C)
print("dcd-FaA IOM HT IROMA:", E)

4. 3rafara afRoms

1. dca-FAIT RITTOTT FaTele sl Sl &TAT|
2. Afgaq oM AR crEHS THS|

3. Wl W A0 Hereled oTe] et

4.

MATLAB 3iX Python & aRuTH YgiRTd &l 3R 3T camear el & Jdiorar|

5. ATy FReAt 3 waTe

1.

2.

3.

I Afgard T & AT Wl & A A AL T |

o FATTT: FARHT Y foh Tgel W &1 dhied 3R g W &I gfed &1 d&ar &= gl
qfe: Tea-Falig FuTeld H Y a1 fasreieT |

o FATH: g TUfd & aoier W & Y=g A= § T

Ife: MATLAB & 3raRenfed thereret a1 =]

o FATYT: FAREd Y & herersd a1 =@ FHrderT # qRenfia g

6. RS+ g

1.

2.

3.

dea-Falia AR ARFE-HRG Hetreret 3 F1 3T §?
faffee PRI & Wl & FY AT Faleled Hd [HAT ST FeheTl §7?

Ueieed & Ay oM & F& dedfash Siael AT 247 §7?

Afeara O3 A A HOTe FT Agcaqul 8?

Ueifesr =0T Teaead # areet 3R ardis S8 AT e H8 39l g o 82
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Experiment No. 4
Title: Creation of 2D Plots

1. Introduction and Overview
1.1 Objective

This experiment introduces students to creating 2D plots using MATLAB and Python. Students will
learn how to visualize data through line plots, scatter plots, bar charts, and other common 2D
plotting techniques. The session provides hands-on practice in customizing plots to enhance
readability and presentation.

1.2 Overview of 2D Plotting

Visualization is a critical aspect of data analysis. 2D plots allow engineers, scientists, and designers to
represent data relationships graphically, making patterns and trends easier to understand. MATLAB
and Python offer robust libraries—such as matplotlib in Python—to generate high-quality 2D plots.

2. Software Environment
MATLAB Environment:
e Software Used: MATLAB R2023a (or later)
e System Requirements:
o Operating System: Windows, macQOS, or Linux
o Processor: Intel Core i5 or equivalent

o RAM: Minimum 4 GB




Python Environment:
o Software Used: Python 3.8 or later, with matplotlib library
e System Requirements:
o Operating System: Windows, macQS, or Linux
o Processor: Intel Core i5 or equivalent

o RAM: Minimum 4 GB

3. Methodologies to Perform the Experiment
3.1 Plotting in MATLAB
1. Setting Up:
o Open MATLAB.
o Create a new script file for code implementation.

2. Creating a Line Plot:
x =0:0.1:10; % Generate data for x-axis
y = sin(x); % Compute sine of x
plot(x, y, 'r', 'LineWidth', 2); % Create a red line plot with thicker lines
title('Sine Wave');
xlabel('x-axis');
ylabel('y-axis');
grid on; % Turn on the grid

3. Scatter Plot:
x =rand(1, 20); % Random x values
y =rand(1, 20); % Random y values
scatter(x, y, 'filled'); % Create a scatter plot with filled markers
title('Scatter Plot');
xlabel('Random X Values');
ylabel('Random Y Values');

4. Bar Chart:
categories = {'A', 'B', 'C', 'D'}; % Define categories
values = [3, 7, 8, 5]; % Define values

bar(values);




set(gca, 'xticklabel', categories); % Label the x-axis
title('Bar Chart');
ylabel('Values');
3.2 Plotting in Python (Using Matplotlib)
1. Setting Up:
o Install matplotlib library if not already installed:
o pip install matplotlib
o Open your preferred Python IDE (e.g., Jupyter Notebook, VS Code).
2. Creating a Line Plot:
import numpy as np
import matplotlib.pyplot as plt
x = np.linspace(0, 10, 100) # Generate data for x-axis
y = np.sin(x) # Compute sine of x
plt.plot(x, y, color="red’, linewidth=2) # Create a red line plot
plt.title('Sine Wave')
plt.xlabel('x-axis')
plt.ylabel('y-axis')
plt.grid(True) # Turn on the grid
plt.show()
3. Scatter Plot:
x = np.random.rand(20) # Random x values
y = np.random.rand(20) # Random y values
plt.scatter(x, y, color="blue', s=50) # Create a scatter plot with blue markers
plt.title('Scatter Plot')
plt.xlabel('Random X Values')
plt.ylabel('Random Y Values')
plt.show()
4. Bar Chart:
categories = ['A’, 'B', 'C', 'D'] # Define categories
values = [3, 7, 8, 5] # Define values

plt.bar(categories, values, color='green')




plt.title('Bar Chart')
plt.ylabel('Values')

plt.show()

4. Expected Outcomes
1. Ability to create various 2D plots in MATLAB and Python.
2. Understanding how to customize plots using titles, labels, legends, and grids.

3. Familiarity with different plotting techniques like line plots, scatter plots, and bar charts.

5. Common Errors and Troubleshooting
1. Error: Data size mismatch between x and y.
o Solution: Ensure x and y arrays have the same length.
2. Error: Undefined function or variable in MATLAB.
o Solution: Check for typos in variable or function names.
3. Error: Matplotlib figure does not display.

o Solution: Use plt.show() to display the figure.

6. Thought-Provoking Questions
1. How can you enhance the readability of a plot for presentation purposes?
2. What are the key differences in plotting capabilities between MATLAB and Python?
3. How would you plot multiple lines in the same graph?

4. Why is it important to label axes and provide titles for plots?

7. Applications of 2D Plotting
1. Data Analysis: Visualizing trends and patterns in datasets.
2. Engineering Design: Representing simulation results graphically.
3. Scientific Research: Displaying experimental data for analysis.

4. Education: Demonstrating concepts through visual aids.

This concludes the experiment on creating 2D plots in MATLAB and Python.
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2. QiFeddX gATawor
MATLAB 93TaToT:
o 3UANT FFAT IAT WIFEAA: MATLAB R2023a (IT §1¢ & HEIN)
o fA¥eH agFHa:
o 3R RBEA: Windows, macOS, AT Linux
o 9T Intel Core i5 AT HHHET
o Y& wgeIaH 4GB
Python 9aTaIoT:
o 3IUANT fRAT IAT WIFEAAT: Python 3.8 AT &I & FEFUT, matplotlib SmSsi
o fA¥eH agFa:
o 3IRfEer {TeA: Windows, macOS, AT Linux
o WAT: Intel Core i5 IT THHET

o YA TgAH 4GB




3. yanr &y Rt
3.1 MATLAB # waifear
1. WTHT:
o MATLAB @rel|
o I3 AN A & AT UF A5 Thee EIge FAW|
2. W3 CeAlE ST
x = 0:0.1:10; % x-318T & feIT 3eT et
y = sin(x); % x ST ATST TeAehrer
plot(x, y, 'r', 'LineWidth', 2); % AXE & S Telie SelTT
title('Sine Wave');
xlabel('x-3718T");
ylabel('y-378T");
grid on; % @IS =me Y
3. e v
x = rand(1, 20); % 5 x AT

y = rand(1, 20); % {3 y AT

scatter(x, y, 'filled'); % fhes ATGT & TTY The Tolic §AT0

title('Scatter Plot');
xlabel('‘Random X Values');

ylabel('Random Y Values');

4. SR =&
categories = {'A", 'B', 'C', 'D'}; % Ao aRem¥a &
values = [3, 7, 8, 5]; % HATT IRNT L
bar(values);
set(gca, 'xticklabel', categories); % x-37&T @I olel &Y
title('Bar Chart');

ylabel('Values');
3.2 Python & ©aife&ar (matplotlib T 39AYr FIS gv)




1. |
o afe matplotlib TafRa sigT &, @ & Tafa 1
o pip install matplotlib
o 39T 9HEET Python IDE @rel (I Jupyter Notebook, VS Code)|
2. W3 CeAlE ST
import numpy as np

import matplotlib.pyplot as plt
x = np.linspace(0, 10, 100) # x-378T & T 3T 3Tl HT

y = np.sin(x) # x &1 T@BA ¥eprer

plt.plot(x, y, color="red', linewidth=2) # &TeT T &I TS Tellec FITT
plt.title('Sine Wave')
plt.xlabel('x-318T")
plt.ylabel('y-37187")
plt.grid(True) # frs =T
plt.show()
3. e wdle:
x = np.random.rand(20) # {3 x AT
y = np.random.rand(20) # {35 y AT
plt.scatter(x, y, color='blue’, s=50) # siTel ATRY & AT The Tolle Tl
plt.title('Scatter Plot')
plt.xlabel('Random X Values')

plt.ylabel('Random Y Values')

plt.show()

4. IR TE:
categories = ['A", 'B', 'C', 'D'] # &forar aReniva 1
values = [3, 7, 8, 5] # #TeT aRefd &<

plt.bar(categories, values, color='green')

plt.title('Bar Chart')




plt.ylabel('Values')

plt.show()
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Experiment No. 5
Title: Creation of 3D Plots

1. Introduction and Overview

1.1 Objective

This experiment introduces students to the creation and visualization of 3D plots using MATLAB and
Python. By completing this exercise, students will gain the ability to generate 3D surfaces,
wireframes, and scatter plots, which are essential for visualizing multi-dimensional data in
engineering and scientific applications.

1.2 Overview of 3D Plotting

3D plotting is a critical skill that enables the visualization of relationships between three variables,
represented in a three-dimensional Cartesian coordinate system. Both MATLAB and Python provide
built-in libraries and functions to create 3D plots efficiently.

2. Software Environment
e MATLAB
o Version: R2022b or later (recommended)
o Key Toolboxes: MATLAB Graphics System
e Python
o Version: 3.8 or later
o Required Libraries: matplotlib, numpy

o IDEs: Jupyter Notebook, PyCharm, or VS Code

3. Methodologies to Perform the Experiment
3.1 Steps in MATLAB
1. Setup and Initialization:
o Open MATLAB and ensure necessary toolboxes are installed.
2. Creating a 3D Surface Plot:
o Define x and y data using the meshgrid function.
[X, Y] = meshgrid(-5:0.5:5, -5:0.5:5);

Z=X."2+Y."2; % Define Z as a function of Xand Y




surf(X, Y, Z); % Create a surface plot
title('3D Surface Plot');
xlabel('X-axis');
ylabel('Y-axis');
zlabel('Z-axis');
3. Creating a Wireframe Plot:

o Use the mesh function.

mesh(X, Y, Z);

title('3D Wireframe Plot');

xlabel('X-axis'); ylabel('Y-axis'); zlabel('Z-axis');

4. Creating a 3D Scatter Plot:
o Generate random data and visualize.
x =rand(1, 50) * 10 - 5;
y =rand(1, 50) * 10 - 5;
Z=XN2+y.N2;
scatter3(x, y, z, 'filled');

title('3D Scatter Plot');

xlabel('X-axis'); ylabel('Y-axis'); zlabel('Z-axis');

5. Saving the Figure:
o Use the saveas function.

saveas(gcf, '3DPlot.png');

3.2 Steps in Python
1. Setup and Initialization:
o Install necessary libraries using pip:

pip install matplotlib numpy

2. Creating a 3D Surface Plot:
import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

# Define data




x = np.linspace(-5, 5, 50)

y = np.linspace(-5, 5, 50)

X, Y = np.meshgrid(x, y)

Z=X¥*2 + Y*¥*2

# Create plot

fig = plt.figure()

ax = fig.add_subplot(111, projection='3d')
ax.plot_surface(X, Y, Z, cmap='"viridis')
ax.set_title('3D Surface Plot')
ax.set_xlabel('X-axis')
ax.set_ylabel('Y-axis')
ax.set_zlabel('Z-axis')

plt.show()

3. Creating a Wireframe Plot:
ax.plot_wireframe(X, Y, Z, color="blue')
plt.show()

4. Creating a 3D Scatter Plot:

x = np.random.uniform(-5, 5, 50)
y = np.random.uniform(-5, 5, 50)
Z=x¥*2 + y**2

ax.scatter(x, vy, z, color="red')
ax.set_title('3D Scatter Plot')
plt.show()

5. Saving the Figure:

plt.savefig('3DPlot.png')

4. Expected Outcomes

1. Students will learn to generate 3D surface, wireframe, and scatter plots in MATLAB and
Python.

2. Ability to visualize and interpret multi-dimensional data effectively.

3. Proficiency in customizing 3D plots, including axes labels, titles, and color maps.




5. Common Errors and Troubleshooting
1. Error: Missing libraries in Python.
o Solution: Install the required libraries using pip (e.g., pip install matplotlib numpy).
2. Error: meshgrid dimensions mismatch.
o Solution: Ensure x and y have compatible dimensions for grid creation.
3. Error: Plot not displaying.

o Solution: Use the plt.show() command at the end of your Python script.

6. Thought-Provoking Questions
1. How can color maps enhance the interpretability of 3D surface plots?
2. What are the differences between a surface plot and a wireframe plot?

3. How can you modify plot aesthetics to make 3D visualizations more appealing?

7. Applications of 3D Plotting
1. Engineering: Stress-strain visualization in materials.
2. Data Science: Representing loss functions in machine learning.
3. Physics: Simulating 3D trajectories of particles.

4. Finance: Visualizing risk analysis or option pricing.
This concludes the experiment on creating 3D plots using MATLAB and Python.
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2. @IFedqX gITaIor
e MATLAB
o HERIOT: R2022b T &1 T (FAfdd)
o YHW godled: MATLAB aifthers faees
e Python
o EHRIOT: 3.8 3T &I AT
o 3a¥TH oSsil: matplotlib, numpy

o 3E31s: Jupyter Notebook, PyCharm, Ir VS Code

3. 9T FI & RAfer
3.1 MATLAB # =ROT

1. ¥eHT 3R RAHFIOT:
o MATLAB @Il 3R FiAREd &Y o 3maede gelsiod SEid &l
2. 3D ¥dg vdle T4
[X, Y] = meshgrid(-5:0.5:5, -5:0.5:5);
Z=XA2+YA2; %2 XAR Y GarereT aReniia &<
surf(X, Y, Z); % Odg Tollc §ATT
title('3D Surface Plot');
xlabel('X-axis');
ylabel('Y-axis');
zlabel('Z-axis');
3. IRTHA Tdle T
mesh(X, Y, Z);

title('3D Wireframe Plot');




xlabel('X-axis'); ylabel('Y-axis'); zlabel('Z-axis');
4. 3D FTheX TdAlE ST

x=rand(1, 50) * 10 - 5;

y =rand(1, 50) * 10 - 5;

Z=X"2+y.2;

scatter3(x, y, z, 'filled');

title('3D Scatter Plot');

xlabel('X-axis'); ylabel('Y-axis'); zlabel('Z-axis');
5. IR WeSeT:

saveas(gcf, '3DPlot.png');

3.2 Python & =RoT
1. ¥eHT 3R IRAHFIOT:
TITH ABHA STCTol e

pip install matplotlib numpy

2. 3D ¥dg vdle IAT:
import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D
x = np.linspace(-5, 5, 50)
y = np.linspace(-5, 5, 50)
X, Y = np.meshgrid(x, y)
Z=X**2 + Y**2
fig = plt.figure()
ax = fig.add_subplot(111, projection='3d’")
ax.plot_surface(X, Y, Z, cmap='viridis')
ax.set_title('3D Surface Plot')
ax.set_xlabel('X-axis')
ax.set_ylabel('Y-axis')

ax.set_zlabel('Z-axis')




plt.show()

3. IRRA%HA TAlC FeAT:
ax.plot_wireframe(X, Y, Z, color="blue')
plt.show()

4. 3D FheX vdle ST
x = np.random.uniform(-5, 5, 50)
y = np.random.uniform(-5, 5, 50)
Z=x*%2 4 y**2
ax.scatter(x, vy, z, color="red')
ax.set_title('3D Scatter Plot')
plt.show()

5. IR WeSeT:

plt.savefig('3DPlot.png')
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Experiment No. 6
Title: Curve Fitting with Polynomials

Objective:

To understand and implement polynomial curve fitting techniques using MATLAB and Python,
enabling interpolation and approximation of data.

Pre-requisites:
1. Familiarity with the concepts of polynomials.
2. Basic understanding of MATLAB and Python programming.

3. Knowledge of plotting and interpreting data.

Theory:




Curve fitting is the process of constructing a curve that best fits a given set of data points. Polynomial
curve fitting involves fitting data to a polynomial function of degree n, typically represented as:

y=pot+pix +paxZ+e - - +pnX"
This equation represents a polynomial of degree nnn, where:
e Y:isthe dependent variable.
e X:isthe independent variable.
e Do, P1, P2, *++pn are the coefficients of the polynomial.

Applications of polynomial curve fitting include trend analysis, interpolation, and approximation in
various engineering and scientific fields.

Tools Required:
1. MATLAB software.

2. Python (preferably with libraries such as numpy, matplotlib, and scipy).

Procedure:
Part A: Polynomial Curve Fitting in MATLAB
1. Generate or Input Data:
o Create a set of known data points (e.g., xx and yy).
x=1[1,2,3,4,5];
y=[2.1,4.1,6.2,8.3,10.4];
2. Fit a Polynomial:
o Use the polyfit function to fit a polynomial of degree n to the data.
n = 2; % Degree of polynomial
p = polyfit(x, y, n);
3. Evaluate the Polynomial:
o Use the polyval function to evaluate the polynomial at specific points.
x_fit = linspace(min(x), max(x), 100);
y_fit = polyval(p, x_fit);
4. Plot the Results:
o Plot the original data and the fitted curve.
plot(x, y, '0', 'MarkerSize', 8, 'DisplayName', 'Original Data');

hold on;




plot(x_fit, y_fit, 'r-', 'LineWidth', 1.5, 'DisplayName', 'Fitted Curve');
legend;

xlabel('X-axis'); ylabel('Y-axis');

title('Polynomial Curve Fitting');

grid on;

hold off;

Part B: Polynomial Curve Fitting in Python

1.

Import Required Libraries:
import numpy as np
import matplotlib.pyplot as plt
Generate or Input Data:
x = np.array([1, 2, 3, 4, 5])
y = np.array([2.1, 4.1, 6.2, 8.3, 10.4])
Fit a Polynomial:
o Use numpy.polyfit to fit a polynomial of degree n to the data.
n =2 # Degree of polynomial
p = np.polyfit(x, y, n)
Evaluate the Polynomial:
o Use numpy.polyval to evaluate the polynomial at specific points.
x_fit = np.linspace(min(x), max(x), 100)
y_fit = np.polyval(p, x_fit)
Plot the Results:
o Plot the original data and the fitted curve.
plt.scatter(x, y, color='blue', label='Original Data', zorder=5)
plt.plot(x_fit, y_fit, 'r-', linewidth=1.5, label="Fitted Curve')
plt.xlabel('X-axis')
plt.ylabel('Y-axis')
plt.title('Polynomial Curve Fitting')
plt.legend()
plt.grid(True)

plt.show()




Observations:
1. Compare the fitted polynomial curve to the original data points.

2. Experiment with different degrees of polynomials (e.g., n =1, n =2, n = 3) and observe the
effect on the fit.

3. Record the coefficients of the polynomial and interpret their significance.

Results:
e The polynomial curve that best fits the data was successfully created in MATLAB and Python.

e The degree of the polynomial significantly affects the quality of the fit.

Conclusion:

Polynomial curve fitting is a powerful tool for approximating and interpolating data. MATLAB and
Python provide robust functions for performing curve fitting and visualizing the results. This
experiment reinforces the importance of selecting an appropriate polynomial degree to avoid
overfitting or underfitting.

Viva Questions:
1. What is the role of the degree of a polynomial in curve fitting?
2. How does MATLAB's polyfit function work?
3. What is the difference between interpolation and approximation?
4. How can overfitting be prevented in polynomial curve fitting?

5. Can polynomial curve fitting be used for non-linear data? Justify your answer.
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9T A: MATLAB & SgudiT as fféar

1. 3T 3w FIAT AT FAYC &
% AT 3T g s«
x=[1,2,3,4,5];
y=[2.1,4.1,6.2,8.3,10.4];
2. wgug fihe &
3. %3er & fhe F & AT polyfit HFr HT 3TN HL




n =2; % SgIG $r f2afr
p = polyfit(x, y, n);

4. WgUG T HgAH I

% fAfése gt W Sgue 1 Fediha HY
x_fit = linspace(min(x), max(x), 100);
y_fit = polyval(p, x_fit);

5. gROmHAT # TAte FIET:
% AT 51 AR e $r a1 g A walle
plot(x, y, '0', 'MarkerSize', 8, 'DisplayName', 'Hel SeT');
hold on;
plot(x_fit, y_fit, 'r-', 'LineWidth', 1.5, 'DisplayName', 'fthe fr 15 a%');
legend;
xlabel('X-378T"); ylabel('Y-318T");
ﬁtle('agnﬁ'zr g pfear);
grid on;
hold off;

#TeT B: Python & TG IH fpfear

1. 3EGF ASS IATT H:
import numpy as np
import matplotlib.pyplot as plt

2. 3T IcUeel HIAT AT FAYS &l
x = np.array([1, 2, 3, 4, 5])
y = np.array([2.1, 4.1, 6.2, 8.3, 10.4])

3. wgug fhe Hm
n=2 #9gaq I f3alr
p = np.polyfit(x, y, n)

4. WEUE HT HedhA HT:
x_fit = np.linspace(min(x), max(x), 100)

y_fit = np.polyval(p, x_fit)




5. 9RUMAT F TAE HIEAT:
plt.scatter(x, y, color="blue', label="#ef 3eT', zorder=5)
plt.plot(x_fit, y_fit, 'r-', linewidth=1.5, label="fhc Fr 1S T=")
plt.xlabel('X-378T')
plt.ylabel('Y-378T')
plt.title('SEErT a5 fhfear)
plt.legend()
plt.grid(True)

plt.show()
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Experiment No. 7
Title: Programming Applications in Numerical Analysis

Objective:

To understand and implement numerical analysis techniques using MATLAB and Python, focusing on
solving mathematical problems such as root finding, integration, differentiation, and solving linear
systems.

Pre-requisites:
1. Basic understanding of numerical methods.
2. Familiarity with MATLAB and Python programming.

3. Knowledge of mathematical operations and concepts like roots of equations, integration, and
differentiation.

Theory:

Numerical analysis involves algorithms for approximating solutions to mathematical problems that
cannot be solved analytically. Some common applications include:

1. Root Finding: Determining the roots of equations (e.g., using bisection, Newton-Raphson, or
secant methods).

2. Integration: Approximating definite integrals (e.g., using trapezoidal or Simpson’s rule).
3. Differentiation: Calculating derivatives numerically.

4. Solving Linear Systems: Finding solutions to systems of linear equations (e.g., Gaussian
elimination, LU decomposition).

Tools Required:

1. MATLAB software.




2. Python (with libraries like numpy, scipy, and matplotlib).

Procedure:
Part A: Numerical Analysis in MATLAB
1. Root Finding Using Newton-Raphson Method:
o Define the function and its derivative.
f=@(x) x*3 -4*x-9;
df = @(x) 3*x"2 - 4;
X0 = 2; % Initial guess
tol = 1e-6; % Tolerance
max_iter = 100;
fori=1:max_iter
x1 = x0 - f(x0)/df(x0);
if abs(x1 - x0) < tol
fprintf('Root found: %.6f\n', x1);
break;
end
x0 = x1;
end
2. Numerical Integration Using Trapezoidal Rule:
f=@(x) x"2;
a=0; b=1; % Limits of integration
n = 100; % Number of intervals
h=(b-a)/n;
x = a:h:b;
y = f(x);
integral = h * (sum(y) - (y(1) + y(end)) / 2);
fprintf('Approximate Integral: %.6f\n', integral);
3. Solving Linear Systems Using MATLAB:
A=1(2,-1,1;1,3,2;1,-1,2];
b=1[3;12;7];

x=A\b; % Solve Ax = b




disp('Solution:');
disp(x);
Part B: Numerical Analysis in Python
1. Root Finding Using Newton-Raphson Method:
import numpy as np
def f(x):
return x**3 -4*x -9
def df(x):
return 3*x**2 - 4
x0 =2 # Initial guess
tol = 1e-6
max_iter = 100
foriin range(max_iter):
x1 = x0 - f(x0)/df(x0)
if abs(x1 - x0) < tol:
print(f"Root found: {x1:.6f}")
break
x0=x1
2. Numerical Integration Using Trapezoidal Rule:
import numpy as np
def f(x):
return x**2
a,b=0,1 #Integration limits
n =100 # Number of intervals
x = np.linspace(a, b, n+1)
y = flx)
h=(b-a)/n

integral = h * (np.sum(y) - (y[0] + y[-1]) / 2)

print(f"Approximate Integral: {integral:.6f}")

3. Solving Linear Systems in Python:

import numpy as np




A =np.array([[2, -1, 1], [1, 3, 2], [1, -1, 2]])
b = np.array([3, 12, 7])

x = np.linalg.solve(A, b)

print("Solution:")

print(x)

Observations:
1. Compare the numerical results with analytical solutions where applicable.

2. Analyze the effect of varying parameters (e.g., initial guess, number of intervals) on the
accuracy of the solution.

3. Record the time taken for different numerical methods.

Results:

e Successfully implemented root finding, integration, differentiation, and solving linear systems
using MATLAB and Python.

e Observed the effect of parameters such as tolerance and step size on the accuracy of
solutions.

Conclusion:

This experiment demonstrates the application of programming in numerical analysis. MATLAB and
Python provide efficient tools for solving complex mathematical problems numerically, which is
critical for engineering and scientific computations.

Viva Questions:
1. What is the difference between analytical and numerical solutions?
2. How does the Newton-Raphson method find the root of an equation?
3. Why is numerical integration used instead of analytical integration?
4. What are the advantages of using MATLAB or Python for numerical computations?

5. How does the step size affect the accuracy of numerical integration?
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HTGITF SYHIOT:
1. MATLAB EIFcaIX|
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gfsra:
aTIT A: MATLAB H §&ITcHS faeeiyor
1. gea-twaar faftr &1 3w & 98 @

f=@(x) x*3-4*x-09;




df = @(x) 3*x"2 - 4;
x0 = 2; % URAH 3T AT
tol = 1le-6; % Tg=A2ferdr
max_iter = 100;
for i = 1:max_iter
x1 = x0 - f(x0)/df(x0);
if abs(x1 - x0) < tol
fprintf('STs &l %.6f\n’, x1);
break;
end
x0 = x1;
end
2. ISiTzEe fAUH &1 3UART FF TATHA:
f=@(x) x"2;
a=0;b=1; % TATHAA T HATT
n =100; % @31 $T g&ar
h=(b-a)/n;
x = a:h:b;
y = f(x);
integral = h * (sum(y) - (y(1) + y(end)) / 2);
fprinﬁ(‘ﬂﬂﬂrﬁﬁ HATR: %.6f\n', integral);
3. MATLAB # Y@ yonfarat #1 ger:
A=[2,-1,1;1,3,2;1,-1,2];
b=13;12;7];
x=A\b; % &T Ax=Db
disp(‘get:');
disp(x);
$TIT B: Python & W&EATcA® faeayor

1. gea-twaar faftr &1 3w & 98 @




import numpy as np
def f(x):

return x**3 -4*x -9
def df(x):

return 3*x**2 -4
x0 =2 #9RIAF AT
tol = 1e-6
max_iter = 100
for i in range(max_iter):

x1 = x0 - f(x0)/df(x0)

if abs(x1 - x0) < tol:

print(f"sTs e {x1:.6f}")
break
x0=x1
2. Hiigsd ATA HT YT FIF FATHA:

import numpy as np
def f(x):

return x**2
a,b=0,1 #FATHeT FH AT
n=100 #®@sF H FE&AT
x = np.linspace(a, b, n+1)
y = f(x)
h=(b-a)/n
integral = h * (np.sum(y) - (y[0] + y[-1]) / 2)
print(f"31TATTAT AT {integral:.6f}")

3. Python & Y& yonfoaY &1 &

import numpy as np
A =np.array([[2, -1, 1], [1, 3, 2], [1, -1, 2]])
b = np.array([3, 12, 7])

x = np.linalg.solve(A, b)




print("gel:")

print(x)
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Experiment No. 8:
Title: Robot Programming and Path Planning

Objective:

To understand and implement basic robot programming concepts and path planning algorithms,
enabling the design of efficient robotic motion and trajectory planning in simulated or real
environments.

Pre-requisites:

1. Basic knowledge of robotics and kinematics.




2. Familiarity with programming in MATLAB and Python.
3. Understanding of coordinate systems and transformation matrices.

4. Knowledge of simulation tools (e.g., Robot Operating System (ROS), Robot Analyzer, or
MATLAB Robotics Toolbox).

Theory:

Robot programming involves instructing a robot to perform specific tasks by creating a sequence of
actions or movements. Path planning refers to generating an optimal path for a robot to move from a
start position to a target while avoiding obstacles. Key algorithms used in path planning include:

1. Graph-based Algorithms:
o Breadth-First Search (BFS)
o Depth-First Search (DFS)
o A* Algorithm
2. Sampling-based Algorithms:
o Rapidly-exploring Random Trees (RRT)
o Probabilistic Roadmap (PRM)
3. Optimization-based Algorithms:
o Dijkstra's Algorithm
o Gradient Descent

Applications of robot programming and path planning include industrial automation, autonomous
vehicles, and service robots.

Tools Required:

1. MATLAB or Python with robotics libraries (e.g., numpy, matplotlib, scipy, pymap2d for
Python).

2. Simulation tools (e.g., ROS, RobotStudio, MATLAB Simulink).

Procedure:
Part A: Robot Programming in MATLAB
1. Define the Robot Model:

o Create a robot model using the Robotics Toolbox or a predefined robot
configuration.

L(1) = Link([0, 0.5, 0.1, pi/2, 0]); % Define links




L(2) = Link([0, 0.3, 0, 0, 0]);
robot = SerialLink(L, 'name’, '2DOF Robot');
2. Define Target Points:
o Specify start and target positions in the workspace.
start_pos = [0, 0.5];
target_pos =[0.4, 0.8];
3. Generate a Trajectory:
o Use trajectory generation functions to create a smooth path.
t = linspace(0, 1, 50);
X_traj = linspace(start_pos(1), target_pos(1), 50);
y_traj = linspace(start_pos(2), target_pos(2), 50);
trajectory = [x_traj; y_traj]’;
4. Visualize the Path:
o Plot the robot's trajectory in the workspace.
figure;
plot(trajectory(:, 1), trajectory(:, 2), 'r-', 'LineWidth', 1.5);
hold on;
robot.plot([0, 0]);
title('Robot Path Planning');
xlabel('X-axis'); ylabel('Y-axis');
grid on;
hold off;
Part B: Path Planning in Python
1. Import Required Libraries:
import numpy as np
import matplotlib.pyplot as plt
from scipy.spatial import KDTree
2. Define the Workspace:
o Create a 2D workspace with obstacles.
workspace = np.zeros((10, 10))

workspace[3:7, 4:6] = 1 # Adding obstacles




3.

Implement a Path Planning Algorithm:

o

Use A* or Dijkstra's algorithm to compute the path.
def heuristic(a, b):
return np.linalg.norm(np.array(a) - np.array(b))
def astar(workspace, start, goal):
neighbors = [(0, 1), (0, -1), (1, 0), (-1, 0)]
open_list = [start]
came_from = {}
g_score = {start: 0}

f score = {start: heuristic(start, goal)}

while open_list:
current = min(open_list, key=lambda x: f_score.get(x, float('inf')))
if current == goal:
path =[]
while current in came_from:
path.append(current)
current = came_from[current]
path.append(start)
return path[::-1]
open_list.remove(current)
for dx, dy in neighbors:
neighbor = (current[0] + dx, current[1] + dy)

if 0 <= neighbor[0] < workspace.shape[0] and 0 <= neighbor[1] <
workspace.shape[1]:

if workspace[neighbor] == 1:
continue

tentative_g_score = g_score[current] + 1

if tentative_g_score < g_score.get(neighbor, float('inf')):
came_from[neighbor] = current

g_score[neighbor] = tentative_g_score




f_score[neighbor] = tentative_g_score + heuristic(neighbor, goal)
if neighbor not in open_list:
open_list.append(neighbor)

return []

start = (0, 0)
goal = (9, 9)
path = astar(workspace, start, goal)

4. Visualize the Path:
plt.imshow(workspace, cmap="'Greys', origin='lower")
path_x, path_y = zip(*path)
plt.plot(path_y, path_x, 'r-', linewidth=2)
plt.scatter(start[1], start[0], color='green’, label='Start")
plt.scatter(goal[1], goal[0], color="blue’, label='Goal')
plt.legend()
plt.title('Path Planning with A*')

plt.show()

Observations:
1. Compare the planned path to the actual obstacles in the workspace.

2. Experiment with different start and target points to analyze the performance of the
algorithm.

3. Record the execution time and efficiency of the path planning algorithm.

Results:
e The robot was successfully programmed to move along the computed path.

e The path planning algorithm generated an optimal and collision-free path.

Conclusion:

Robot programming and path planning are crucial components in robotics. Using MATLAB and
Python, students can effectively simulate and implement these techniques, providing insights into




real-world robotic systems. The choice of the path planning algorithm depends on the complexity
and constraints of the workspace.

Viva Questions:
1. What is the difference between global and local path planning?
2. Explain the working of the A* algorithm.
3. How can obstacles be represented in a 2D workspace?
4. What are the limitations of graph-based path planning algorithms?

5. How do sampling-based algorithms differ from optimization-based algorithms?
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2. AU gl (S ROS, RobotStudio, MATLAB Simulink) |

gfeha:
HTIT A: MATLAB & & Wenfaer
1. Vare Alsa gienfa &3
L(1) = Link([0, 0.5, 0.1, pi/2, 0]);
L(2) = Link([0, 0.3, 0, 0, 0]);
robot = SerialLink(L, 'name’', '2DOF Robot');
2. e g aRenRa #X:
start_pos = [0, 0.5];
target_pos =[0.4, 0.8];
3. 98T 9Y 3o H:
t =linspace(0, 1, 50);
x_traj = linspace(start_pos(1), target_pos(1), 50);
y_traj = linspace(start_pos(2), target_pos(2), 50);

trajectory = [x_traj; y_traj]’;




4. 9 FT =T W
figure;
plot(trajectory(:, 1), trajectory(:, 2), 'r-', 'LineWidth', 1.5);
hold on;
robot.plot([0, 0]);
title('Robot Path Planning');
xlabel('X-axis'); ylabel('Y-axis');
grid on;
hold off;

#TeT B: Python & 9y fAdaa

1. HTETFH ASEN AT A
import numpy as np
import matplotlib.pyplot as plt
from scipy.spatial import KDTree
2. FEEF TReRE F
workspace = np.zeros((10, 10))
workspace([3:7, 4:6] = 1 #STUTC SNSAT G [A%157e7 ToalRGH ol & (A):*
def heuristic(a, b):
return np.linalg.norm(np.array(a) - np.array(b))
def astar(workspace, start, goal):
neighbors = [(0, 1), (0, -1), (1, 0), (-1, 0)]
open_list = [start]
came_from = {}
g_score = {start: 0}

f score = {start: heuristic(start, goal)}

while open_list:
current = min(open_list, key=lambda x: f_score.get(x, float('inf')))
if current == goal:

path = []




while current in came_from:
path.append(current)
current = came_from[current]
path.append(start)
return path[::-1]
open_list.remove(current)
for dx, dy in neighbors:
neighbor = (current[0] + dx, current[1] + dy)

if 0 <= neighbor[0] < workspace.shape[0] and 0 <= neighbor[1] <
workspace.shape[1]:

if workspace[neighbor] == 1:
continue
tentative_g score = g_score[current] + 1
if tentative_g_score < g_score.get(neighbor, float('inf')):
came_from[neighbor] = current
g_score[neighbor] = tentative_g_score
f score[neighbor] = tentative_g_score + heuristic(neighbor, goal)
if neighbor not in open_list:
open_list.append(neighbor)
return []
start = (0, 0)
goal=(9,9)
path = astar(workspace, start, goal)
3. 9¥ T Eor #Y¥:
plt.imshow(workspace, cmap='Greys', origin='lower")
path_x, path_y = zip(*path)
plt.plot(path_y, path_x, 'r-', linewidth=2)
plt.scatter(start[1], start[0], color='green’, label='Start')
plt.scatter(goal[1], goal[0], color="blue’, label='Goal')
plt.legend()

plt.title('Path Planning with A*')




plt.show()
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Experiment No. 9
Title: Controlling of Robotics Manipulator using Arduino/Robot Programming

Objective:
1. To understand the basics of robotics manipulation and control systems.

2. To program and control a robotic manipulator using Arduino and robot programming.




To implement basic movements and joint control using Arduino to control robotic arms and
manipulators.

To use Robot Analyzer software for simulating and testing different robotic manipulator
movements.

Apparatus/Equipment Required:

1.

2.

Arduino UNO (or any Arduino-compatible board)

Servo motors (for controlling the joints of the robotic manipulator)
Robotic Manipulator Kit (with at least 2-3 degrees of freedom)
Power supply (for Arduino and servos)

Jumper wires (for connections)

Breadboard (for circuit setup)

Robot Analyzer software (for simulating robot movements)

PC with Arduino IDE (for programming)

USB Cable (for connecting Arduino to PC)

Pre-Lab Theory:

Robotic manipulators are mechanical devices used to perform various tasks like lifting, sorting, and
assembly. They typically consist of multiple joints (e.g., servo motors) that move in a controlled
manner. In this experiment, you will control the movement of a robotic manipulator using an
Arduino.

Key Concepts:

Degrees of Freedom (DOF): The number of independent movements a robotic arm can
make. Common robotic manipulators have 2 or 3 DOF.

Servo Motors: Used for precise control of joint angles in robotic manipulators.

Inverse Kinematics: The mathematical process to determine the necessary joint angles to
position the end-effector (e.g., gripper) at a specific point in space.

Robot Analyzer Software: A simulation tool to model and visualize robotic arm movements
and configurations.

Procedure:

Step 1: Hardware Setup

1.

Connect the servo motors to the robotic manipulator kit, ensuring that each motor controls a
specific joint of the manipulator.




3.

Connect each servo motor to an appropriate PWM pin on the Arduino board.
Ensure the Arduino board is connected to your PC via the USB cable.

Use a breadboard and jumper wires to complete the connections for powering the Arduino
and servo motors.

Robot Programming (Arduino Code)
Open the Arduino IDE on your PC.

Write or load the code to control the robotic manipulator. A basic example to control a servo
motor:

#include <Servo.h>
Servo servol; // Create a servo object for joint 1
Servo servo2; // Create a servo object for joint 2
void setup() {
servol.attach(9); // Connect servol to pin 9 on Arduino
servo2.attach(10); // Connect servo2 to pin 10 on Arduino }
void loop() {
// Move servol from 0 to 90 degrees
for (int pos = 0; pos <= 90; pos++) {
servol.write(pos);
delay(15); }
// Move servo2 from 0 to 90 degrees
for (int pos = 0; pos <= 90; pos++) {
servo2.write(pos);
delay(15); }
// Reset servo positions
for (int pos = 90; pos >=0; pos--) {
servol.write(pos);
delay(15); }
for (int pos = 90; pos >= 0; pos--) {
servo2.write(pos);
delay(15);
b}

Upload the code to the Arduino board using the Arduino IDE.




Monitor the manipulator's response to check if the movements align with the programmed
angles.

Step 3: Simulation using Robot Analyzer Software

1.

2.

Open Robot Analyzer on your PC.
Load a model of a simple robotic manipulator (2-DOF or 3-DOF).

Input the joint angles that you programmed into the Arduino (e.g., 0-90 degrees for joint 1
and 0-90 degrees for joint 2).

Observe the manipulator's movement in the simulation environment to verify the accuracy
of your code.

Step 4: Experimentation and Adjustment

1. Test different movements and joint combinations, and analyze the behavior of the
manipulator.
2. Try to perform a simple task using the manipulator (e.g., moving an object or reaching a
target position).
3. Adjust the code or hardware connections if needed for smoother operation.
Observations:

Note any irregularities in movement or position of the robotic manipulator.
Record the time it takes for the manipulator to reach its target positions.

Analyze how accurately the manipulator follows the programmed commands.

Post-Lab Questions:

1. How does the number of degrees of freedom (DOF) of a manipulator affect its movement?

2. Explain the role of inverse kinematics in controlling a robotic manipulator.

3. How would you modify the Arduino code to control more joints (e.g., add more servos)?

4. What challenges did you face in programming the manipulator, and how did you overcome
them?

5. Compare the real-world movement of the manipulator with the simulation in Robot
Analyzer. Were there any discrepancies?

Key Takeaways:

The experiment demonstrated how to control the movement of a robotic manipulator using
Arduino.




You learned how to program joint control for precise movements and simulate robotic
movements using software.

Hands-on practice with Arduino and servo motors helped develop practical skills in robotics
programming.
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Experiment No-10

Title: Do it yourself (DIY) experiments (Students should take the real-world issue and they have to
think, decide and do things independently)
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Automation and Robotics Lab-I1
List of Experiments
1. Geometrical Modeling Software — Basics
2. Starting with Geometrical Modeling Software — Various Draw Commands
3. 2D Solid Models Creation Using Geometrical Modeling Software (CREO)
4. 3D Solid Models Creation Using Geometrical Modeling Software (CREQO)
5. Assembling of CAD Parts in CREO

6. Process Simulation for CNC Turning-Based Subtractive Manufacturing Processes Using Open-
Source Software

7. Process Simulation for CNC Milling-Based Subtractive Manufacturing Processes Using Open-
Source Software

8. Process Simulation for Solid-Based Additive Manufacturing Processes Using Open-Source
Software

9. Process Simulation for Powder-Based Additive Manufacturing Processes Using Open-Source
Software

10. Robot Simulation Using Open-Source Software

T SR AR Aq Il
1. AT Ao AfFedaX (Geometrical Modeling Software) — Basic Concepts
2. ST ATsTolaT AIFeaI & ATY Y3 — TM1-37e9T Draw Commands

3. CREO TI¥EaIX &I 3G &¥ah 2D Solid Models ST

4. CREO TIFedIX T 3IYANT H¥ah 3D Solid Models ST=T

5. CREO & CAD Parts @' Assemble s3sIT

6. Open-Source ATFEATR FT 3YTTT #ah CNC Turning-Based Subtractive Manufacturing Process
T Simulation

7. Open-Source TIFCATR T 3T & CNC Milling-Based Subtractive Manufacturing Process
T Simulation

8. Open-Source HIFCAIX HI YA I+ Solid-Based Additive Manufacturing Process T
Simulation

9. Open-Source AMFEdIX & 3UAIT Fldh Powder-Based Additive Manufacturing Process T
Simulation

10. Open-Source ATFEATRX FT 3TN & Robot T Simulation




Experiment No. 1

Title: Introduction to Geometrical Modelling Software — Basics

1. Introduction and Overview

1.1 Geometrical Modelling Software Overview

Geometrical modelling software, such as SolidWorks, Creo, or AutoCAD, enables designers and
engineers to create, modify, analyze, and optimize designs digitally. These tools facilitate precision and
efficiency in conceptualizing mechanical components, assemblies, and other structures. They are
foundational for product design, engineering simulations, and manufacturing processes.

Key functionalities of geometrical modelling software include:

1.

2.

3.

4.

Sketch creation using basic 2D commands.
Transitioning 2D sketches to 3D models.
Defining constraints and dimensions for accuracy.

Tools for visualization, assembly, and simulation.

1.2 Importance in Modern Engineering

The integration of CAD tools in engineering design is essential for:

1.

2.

Enhancing productivity by reducing design time.
Allowing precise visualization of models before production.
Supporting analysis and validation of designs.

Enabling easy modification and iterative improvements.

2. Methodologies to Perform the Experiment

2.1 Setup and Initialization

1.

Software Launch: Open the selected software (e.g., SolidWorks or Creo). Ensure the system
is properly configured with the necessary plugins.

Interface Familiarization:
o ldentify key areas such as the toolbar, workspace, and property manager.
o Learn navigation commands such as zoom, pan, and rotate.

Set Units: Configure the default unit system (e.g., millimetres, inches) based on the
requirements.

2.2 Exploring Basic Tools

1.

Drawing Tools:

o Line, rectangle, circle, and arc commands.




o Techniques for selecting and combining basic shapes.
2. Editing Tools:
o Trim, extend, offset, and fillet tools.
o Methods to modify sketches to meet desired specifications.
3. Constraints and Dimensions:
o Apply geometric constraints such as parallelism, perpendicular, and tangency.
o Use dimensioning tools to define precise measurements.
4. Saving and Exporting:
o Save the project in both native and neutral file formats (e.g., .sldprt, .stp).
2.3 Practice Session
1. Create basic shapes, such as a rectangle with specified dimensions.
2. Modify the shape by adding an arg, fillets, and chamfers.

3. Save the completed sketch for later use.

3. Expected Outcomes
1. Understanding the basic interface of geometrical modelling software.
2. Ability to use fundamental drawing and editing tools.
3. Familiarity with constraints and dimensioning.

4. Capability to save and export 2D sketches for further use.

4. Possibilities of Deviations from Expected Outcomes
1. Unfamiliarity with Tools: Initial difficulty in identifying and using certain commands.

2. Dimensioning Errors: Incorrect application of constraints may lead to unsatisfactory
sketches.

3. Interface Customization: Variations in software settings or shortcuts might differ from
standard configurations.

5. Reasons for Observed Deviations
1. Lack of Practice: Limited hands-on experience with the software.
2. System Configuration Issues: Software settings not optimized for user requirements.

3. Human Errors: Mistakes in following step-by-step instructions.




6. Thought-Provoking Questions

1.

2.

What are the advantages of using constraints in a 2D sketch?

How does the choice of the unit system affect the accuracy of a design?
Why is it important to save projects in both native and neutral formats?
How would you modify your sketch if a design specification changes?

What are the key differences between 2D and 3D modelling tools?
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Experiment No: 2

Title: Introduction to Geometrical Modelling Software - Understanding and Using Various Draw
Commands in CREO Software

1. Introduction
1.1 Overview of Geometrical Modelling in CREO

CREO is a powerful parametric 3D CAD software widely used in product design and engineering for
creating precise models of mechanical components, assemblies, and detailed drawings. The software
provides an intuitive interface and a robust set of tools for creating both 2D sketches and 3D models.

1.2 Importance of Drawing Commands

The drawing commands in CREO form the foundation for creating accurate and complex geometrical
shapes. Mastering these commands allows engineers and designers to:

e Sketch and modify 2D profiles quickly.
e Define constraints and dimensions for accurate modeling.
e Build the base for 3D models by extruding or revolving the sketches.

1.3 Objective of the Experiment To familiarize students with the various draw commands available in
CREO and develop the skills required to create precise 2D sketches as the basis for 3D solid models.

2. Methodologies to Perform the Experiment
2.1 Software Setup and Initialization
1. Launch CREO Software: Open the application and create a new project file.

2. Set Up Workspace: Choose the appropriate units (e.g., mm or inches) for the design and
select a plane (e.g., Front, Top, Right) to start the sketch.

2.2 Key Draw Commands in CREO Below are the primary draw commands with detailed instructions
on their usage:

1. Line Command:
o Select the Line tool from the Sketch tab.
o Click to specify the starting point and drag the mouse to create a line segment.
o Define the line's length and angle using the dimensioning tool.
2. Rectangle Command:
o Choose the Rectangle tool.

o Click and drag to create a rectangular shape.




o Use constraints (e.g., parallel or perpendicular) to ensure the desired alignment.
Circle Command:

o Select the Circle tool and click to define the center point.

o Drag outward to define the radius or input a specific value.
Arc Command:

o Choose the Arc tool.

o Define the start point, end point, and a point along the arc's curve to create the
desired shape.

Ellipse Command:
o Select the Ellipse tool.
o Define the center and the major and minor axes.
Spline Command:
o Click on the Spline tool to create freeform curves.
o Place control points along the desired path, adjusting curvature as needed.
Trim/Extend Command:
o Use the Trim tool to remove unnecessary segments of overlapping lines or arcs.
o Use the Extend tool to lengthen a line to intersect with another entity.
Fillet/Chamfer Command:
o Select Fillet to create rounded edges between two intersecting lines.
o Use Chamfer to create a beveled edge.
Mirror Command:

o Use the Mirror tool to replicate geometry across a defined axis of symmetry.

10. Dimensioning Tool:

o Apply dimensions to control the size and position of the sketch entities. Use
parametric relations to link dimensions dynamically.

2.3 Constraints in CREO

1.

2.

3.

Geometric Constraints: Automatically applied constraints such as horizontal, vertical, and
perpendicular alignments.

Dimensional Constraints: Define distances, angles, and sizes.

Relations: Use mathematical expressions to control relationships between dimensions.

2.4 Saving and Exporting

1.

Save the sketch file as a .prt file for further 3D operations.




2. Export the file as a 2D drawing in formats such as .dxf or .dwg if needed.

3. Expected Outcomes
1. Familiarity with the CREO interface and tools.
2. Ability to use various draw commands to create precise 2D sketches.

3. Understanding of constraints and dimensions to control geometry effectively.

4. Common Errors and Troubleshooting
1. Overlapping Geometry: Ensure no redundant lines or arcs are present in the sketch.

2. Unconstrained Sketch: Check for under-defined elements by enabling the Sketch Analysis
tool.

3. Incorrect Units: Verify the unit settings to match the design requirements.

5. Thought-Provoking Questions
1. How do geometric constraints help in maintaining the integrity of a sketch?
2. Why is it important to fully constrain a sketch before converting it into a 3D model?
3. What are the advantages of using parametric relations between dimensions?
4. How can the Trim tool be used to optimize sketching efficiency?

5. What challenges might arise while working with freeform curves such as splines?

6. Additional Notes and Tips
e Practice creating sketches on different planes to understand spatial orientation.
e Experiment with the Undo and Redo commands to refine sketches efficiently.

e Use keyboard shortcuts for frequently used tools to speed up the workflow.

7. Conclusion

This experiment introduces the foundational tools and techniques for sketching in CREO. Mastery of
these commands is essential for progressing to advanced topics like 3D modeling, assembly creation,
and simulation.
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Experiment No. 3

Title: 2D Solid Models Creation Using Geometrical Modelling Software - CREO

1. Introduction and Physical Information about the Platform
1.1 Overview of 2D Solid Modelling

2D solid modelling refers to the creation of two-dimensional representations of solid objects using
computer-aided design (CAD) software. These models serve as a foundation for creating 3D designs
and can include profiles, sketches, and detailed views essential for engineering and manufacturing
purposes. In this experiment, we use CREO software to explore the creation of 2D solid models.

1.2 CREO Software

CREOQ is a powerful CAD tool that supports 2D and 3D modelling. It provides a variety of tools for
creating accurate, precise, and highly detailed 2D sketches and models. Features such as constraints,
dimensions, and parametric modelling make it an ideal choice for designing complex parts and
assemblies.

2. Objectives
1. To familiarize students with 2D sketching and modelling tools in CREO.
2. To understand the creation of 2D profiles that serve as a base for 3D models.
3. To apply dimensional constraints and geometric relations in 2D modelling.

4. To simulate the transition from 2D sketches to 3D designs.

3. Tools and Commands Used
1. Sketch Tools: Line, Circle, Rectangle, Arc, Spline, Fillet.
2. Constraint Tools: Coincident, Horizontal, Vertical, Tangent, Symmetric.
3. Dimensioning: Linear, Angular, Radial.
4. Editing Tools: Trim, Extend, Offset, Mirror, Pattern.

5. Feature Tools: Extrude (to verify the transition to 3D).

4. Procedure
4.1 Setup and Initialization
1. Launch CREO Parametric and create a new part file.

2. Select the appropriate measurement unit (e.g., mm).




3.

Open the sketch mode by selecting a plane (Front, Top, or Right plane).

4.2 Creation of 2D Models

1.

4.

5.

Start with Basic Shapes: Use the Line, Circle, and Rectangle tools to create the basic outline
of the part.

Apply Constraints: Ensure that all lines and curves are constrained properly. For example:
o Horizontal or vertical constraints for lines.
o Tangency between arcs and lines.
o Symmetry for mirroring elements.

Dimension the Sketch: Use the dimensioning tools to add precise measurements to the
sketch.

Modify and Refine: Use tools like Trim, Extend, and Fillet to finalize the shape.

Mirror and Pattern: Create repetitive elements efficiently using the mirror and pattern tools.

4.3 Transition to Solid Model

1.

2.

3.

Save the sketch.
Exit the sketch mode and use the Extrude tool to verify the transition from 2D to 3D.

Adjust extrusion settings to visualize the solid model.

5. Expected Outcomes

1.

2.

Students will create accurate 2D profiles using CREO.
They will apply appropriate constraints and dimensions to ensure design intent.
The final 2D sketches will be ready for conversion into 3D models.

Students will understand how 2D models serve as a foundation for complex designs.

6. Possibilities of Deviations from Ideal Outputs

1.

2.

Incorrect Constraints: Over-constrained or under-constrained sketches can lead to errors.
Dimensional Inconsistencies: Failure to apply precise dimensions can affect model accuracy.

Geometric Errors: Misalignment or overlapping entities in the sketch can result in errors
during extrusion.

7. Reasons for Observed Deviations

1.

2.

Lack of familiarity with sketching tools and commands.

Errors in applying constraints or dimensions.




3.

Insufficient planning before creating the sketch.

8. Thought-Provoking Questions

1.

2.

What are the key differences between 2D sketches and 3D models in CREO?
How do geometric constraints influence the accuracy of 2D models?

What steps can you take to troubleshoot an over-constrained sketch?

How does the selection of a sketch plane affect the final model?

What additional tools or features in CREO can enhance 2D sketching?

9. Conclusion

The experiment demonstrated the creation of 2D solid models using CREO software. Students
learned to utilize various sketch tools, apply constraints, and dimension their designs accurately. This
hands-on exercise laid the groundwork for transitioning to 3D modelling, highlighting the importance
of a robust 2D foundation in design engineering.

10. References
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3.
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Experiment No. 4

Title: 3D Solid Models Creation Using Geometrical Modelling Software - CREO

1. Introduction and Overview

1.1 Objective

This experiment aims to introduce students to 3D solid modeling concepts using CREO software. The
students will learn to create basic and advanced 3D models, exploring the use of features such as
extrude, revolve, sweep, and loft. The session will provide hands-on practice to develop proficiency
in 3D modeling techniques.

1.2 Overview of CREO

CREO is a powerful 3D CAD (Computer-Aided Design) software widely used for product design and
engineering. It enables users to design, simulate, and validate 3D models, making it an essential tool
for modern engineering and product development. CREO provides a user-friendly interface, robust
modeling features, and parametric capabilities, which allow designers to create precise and complex
solid models efficiently.

2. Software Environment
e Software Used: CREO Parametric
e System Requirements:
o Operating System: Windows 10 or later
o Processor: Intel Core i5 or equivalent
o RAM: Minimum 8 GB

o Graphics Card: NVIDIA or AMD GPU with OpenGL support

3. Methodologies to Perform the Experiment
3.1 Setup and Initialization
1. Launch CREO Software: Open the CREO application on your system.

2. Create a New Part File: Go to the "File" menu, select "New," and choose "Part" from the
options. Assign a name to your file and click "OK."

3. Set Units: Ensure the correct unit system (e.g., mm, cm, inches) is selected under the
"Setup" tab.

3.2 Creating Basic 3D Models
1. Sketch Creation:
o Open the sketch environment by selecting a plane (e.g., Top, Front, or Right plane).

o Use the following sketch tools to create a 2D profile:




= Line

= Circle

= Rectangle
= Arc

= Spline

o Constrain the sketch by defining dimensions and geometric relationships (e.g.,
parallel, perpendicular).

2. Extrude Feature:

o Select the sketch and use the "Extrude" command to convert the 2D profile into a 3D
solid.

o Specify the extrusion depth and direction.
3. Revolve Feature:
o Create a sketch with an axis of revolution.

o Use the "Revolve" command to generate a 3D solid by revolving the sketch around
the axis.

4. Sweep Feature:
o Create a profile and a path (e.g., spline or curve).
o Use the "Sweep" command to create a solid by sweeping the profile along the path.
5. Loft Feature:
o Create multiple sketches on parallel or inclined planes.
o Use the "Loft" command to generate a solid by connecting the sketches smoothly.
3.3 Editing and Modifying Models
1. Use tools such as "Fillet," "Chamfer," and "Shell" to refine the model’s edges and surfaces.
2. Apply Boolean operations (e.g., union, subtract, intersect) to combine or modify solid bodies.
3.4 Saving the File

e Save your model using the "Save" option in the "File" menu. Ensure the file is stored in a
dedicated project folder for future use.

4. Expected Outcomes

1. Ability to create 3D models with basic and advanced features such as extrude, revolve,
sweep, and loft.

2. Understanding of the parametric approach in CREO for efficient modeling.




3. Development of skills to refine and modify solid models using fillets, chamfers, and other
tools.

4. Familiarity with saving, exporting, and organizing 3D CAD files.

5. Common Errors and Troubleshooting

1. Error: Sketch is not fully constrained.
Solution: Ensure all dimensions and constraints are applied to the sketch.

2. Error: Feature fails to regenerate.
Solution: Check for errors in the sketch or input parameters (e.g., invalid extrusion depth).

3. Error: Model edges are not smooth.
Solution: Use fillets or chamfers to smooth sharp edges.

6. Thought-Provoking Questions
1. What are the advantages of using parametric modeling in 3D CAD software?
2. How does the "Sweep" feature differ from the "Loft" feature in CREO?
3. What are some real-world applications of 3D modeling in engineering and product design?
4. How can Boolean operations be used to create complex 3D geometries?

5. Why s it important to save 3D models in organized project folders?

7. Applications of 3D Modeling
1. Product Design: Designing mechanical parts, consumer products, and industrial components.
2. Simulation: Preparing models for analysis in simulation software.
3. Prototyping: Creating 3D prints or CNC-machined prototypes.

4. Manufacturing: Generating manufacturing drawings and tool paths.

This concludes the experiment on creating 3D solid models using CREO software.
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Experiment No. 5

Title: Assembly of CAD Parts in CREO

1. Introduction and Objectives
1.1 Overview of Assembly Modeling

Assembly modeling is the process of bringing together multiple individual parts designed in CAD
software to create a complete product. This involves defining the positional and relational constraints
(such as alignments, mating, and offsets) between parts to ensure they interact and fit together as
intended. In the context of CREO, assembly modeling allows users to visualize and validate the
functionality of the product before physical manufacturing.

1.2 Objective

The objective of this experiment is to learn and practice assembling individual CAD parts into a
cohesive assembly using CREO. The exercise will also involve applying various constraints and
performing a simulation to verify the fit and function of the assembly.

2. Methodologies to Perform the Experiment
2.1 Setup and Initialization

1. Launch CREO Software: Open CREO Parametric and create a new assembly file by selecting
New > Assembly. Assign a suitable name to the assembly.

2. Load Individual Parts: Ensure the required part files (.prt) are available. Use the Assemble
command to import each part into the assembly environment.

2.2 Performing the Assembly
1. Base Component Placement:
o Choose the main part to serve as the base of the assembly.
o Use the Default Constraint to fix the base part at the assembly origin.
2. Adding Components:

o Add additional parts by selecting Assemble and placing them relative to the base
part.

o Apply constraints such as Mate, Align, Distance, or Angle to position the parts
correctly.

3. Apply Constraints:
o Mate Constraint: Ensures two surfaces are in contact.
o Align Constraint: Ensures two surfaces or edges are parallel.

o Offset Constraint: Defines a specific distance between two surfaces or edges.




o Angle Constraint: Maintains an angular relationship between two parts.

4. Regenerate Assembly: After applying constraints, click on the Regenerate button to update
the assembly structure and resolve constraints.

2.3 Validation and Simulation
1. Interference Check:
o Use the Analysis > Interference tool to ensure that no two parts overlap.
2. Dynamic Simulation:
o Test the movement of parts using the Drag Components option.
o Verify whether the parts function as intended, such as rotational or sliding motion.
2.4 Saving the Assembly
e Save the completed assembly file as .asm for future use.

e Generate a 2D assembly drawing, if required, by selecting New > Drawing and specifying the
views (top, front, isometric, etc.).

3. Expected Outcomes
1. A complete assembly model of all individual CAD parts.
2. Proper application of constraints ensuring accurate positioning and alignment of parts.
3. Verification of part functionality through dynamic simulation.

4. Elimination of interference or overlap issues in the assembly.

4. Possibilities of Deviations from Real Scenarios

1. Tolerance Issues: Idealized constraints may not consider real-world manufacturing
tolerances.

2. Constraint Conflicts: Errors due to over-constraining parts in the assembly.

3. Motion Validation Limitations: Simulated motions may not account for physical
imperfections such as friction.

5. Reasons for Observed Deviations

1. Incorrect Constraint Application: Misalignment or unintentional gaps between parts due to
wrong constraints.

2. Inaccurate Dimensions: Discrepancies in part dimensions leading to fit issues.

3. Simplified Simulation: CREO simulations may not account for material properties or forces
applied during operation.




6. Thought-Provoking Questions

1.

How would you modify your constraints if a design revision alters the dimensions of a critical
part?

What methods can you use to identify and resolve interference issues in complex
assemblies?

How can you ensure the assembly remains adaptable for future design iterations?

In what ways can assembly modeling be integrated with other engineering analyses, such as
stress testing or thermal simulations?

How does the assembly process in CREO compare to physical assembly in terms of time and
accuracy?

7. Practical Tips

1.

2.

Organize part files systematically to avoid confusion during the assembly process.
Use named constraints to maintain clarity and avoid over-constraining the model.
Save and frequently regenerate the assembly to ensure constraints are correctly applied.

Leverage CREQ’s built-in help and tutorials for advanced assembly features like flexible
components or exploded views.

This concludes the experiment on creating Assembly models using CREO software
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Automation and Robotics Lab-1
List of Experiments

1. Verify the Position & Orientation of the end effector of the 3-DOF (RPR) manipulator using Robo-
Analyzer
2. Obtain the joint angles of 3-DOF (RRR) manipulator by using Robo-Analyzer
3. Development of Trajectory for 2-DOF manipulator using Robo-Analyzer software
4. Write a program for 3-wheeled mobile robot to move forward, stop, turn left and turn right using
Arduino.
. Control of an autonomous line following robot using IR sensors

. Control of an autonomous obstacle avoidance robot using ultrasonic sensor

5

6

7. Write the program using Arduino for Human Following Robot

8. Development of control algorithm for 4-DOF robotic Manipulator
9

. Calculate the Gait angles and dynamic balance margin of 16 DOF Humanoid Robot
10. Do it yourself (DIY) experiments (Students should take the real-world issue and they have to think,
decide and do things independently)
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Experiment No-1

Statement: Verify the Position & Orientation of the end effector of the 3-DOF (RPR) manipulator using Robo-Analyzer

1. Introduction and Physical Information about the Platform

1.1 Overview of the 3-DOF RPR Manipulator

The RPR (Revolute-Prismatic-Revolute) manipulator is a three-degree-of-freedom robotic system. It comprises:
¢ Revolute Joint (R): Allows rotational motion about a fixed axis.
e Prismatic Joint (P): Allows linear motion along a fixed direction.
¢ Revolute Joint (R): Another rotational joint allowing motion about a fixed axis.

This manipulator is often used in scenarios requiring constrained motion, such as pick-and-place tasks or trajectory
tracing in confined workspaces.

1.2 Robo-Analyzer Software

Robo-Analyzer is a robotic simulation and analysis tool designed to model and simulate robotic manipulators. It
provides a virtual environment to test and verify the kinematic parameters, position, and orientation of the end effector.

2. Methodologies to Perform the Experiment
2.1 Setup and Initialization
1. Launch Robo-Analyzer: Open the Robo-Analyzer software and create a new project.
2. Define Manipulator Parameters: Input the Denavit-Hartenberg (D-H) parameters for the RPR manipulator:
o Link lengths, joint angles, and displacement ranges.
o Specify base and tool configurations if necessary.

3. Visualize the Manipulator: Verify that the virtual manipulator corresponds to the desired 3-DOF RPR
configuration.

2.2 Performing the Experiment
1. Set Joint Configurations:
o Adjust the revolute and prismatic joints to specified values for different test cases.
2. Compute Forward Kinematics:

o Use Robo-Analyzer’s kinematic analysis module to calculate the position and orientation of the end
effector.

3. Record Data:

o Note the X, y, z coordinates and the orientation (roll, pitch, yaw angles) of the end effector for each
configuration.

4. Verify with Theoretical Calculations:

o Compare the simulation results with manually computed forward kinematics results based on D-H
parameters.



2.3 Visualization and Validation

Observe the trajectory and workspace of the manipulator in the 3D simulation.

Ensure the motion adheres to the constraints of the RPR structure.

3. Expected Outcomes

L.

S

Accurate determination of the position (X, y, z) of the end effector for various joint configurations.
Correct orientation of the end effector represented by roll, pitch, and yaw angles.
Visual confirmation of the manipulator’s motion and workspace.

Validation of forward kinematics equations using Robo-Analyzer outputs.

4. Possibilities of Deviations from Real Scenarios

Numerical Errors: Rounding-off errors in simulation calculations.

Idealized Assumptions: Robo-Analyzer assumes perfect conditions without physical imperfections such as
friction or backlash.

Simplified D-H Parameters: Simplified modeling may not account for structural deformations or assembly
inaccuracies.

5. Reasons for Observed Deviations

1.

Friction and Backlash: These mechanical imperfections are not included in simulation models.
Manufacturing Tolerances: Real-world components may differ slightly from the modeled dimensions.
Actuator Inaccuracies: Limitations in actuator resolution and repeatability are not simulated.

Environmental Factors: Effects like thermal expansion, which are present in real scenarios, are ignored in
simulation.

6. Thought-Provoking Questions

1.
2.

What are the critical differences between the theoretical and simulated kinematics of the RPR manipulator?

How would you modify the D-H parameters if a structural modification, such as an extended link length, is
introduced?

What factors could limit the accuracy of position and orientation measurements in real-world applications?

How would you adapt the manipulator’s design to minimize deviations observed in simulations versus real
scenarios?

What additional analyses can be performed using Robo-Analyzer to enhance understanding of manipulator
dynamics?
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Experiment No-2

Statement: Obtain the joint angles of 3-DOF (RRR) manipulator by using Robo-Analyzer

1. Introduction and Physical Information of the Platform
1.1 Overview of the 3-DOF RRR Manipulator

The RRR (Revolute-Revolute-Revolute) manipulator is a robotic system with three degrees of freedom, characterized
by:

¢ Revolute Joint (R): Allows rotational motion around a fixed axis.

¢ Revolute Joint (R): Facilitates additional rotational motion.

¢ Revolute Joint (R): Provides a third degree of rotational freedom.

These manipulators are widely used in industrial applications, including arc welding, material handling, and precision
assembly tasks.

1.2 Robo-Analyzer Software

Robo-Analyzer is a simulation tool designed for the kinematic and dynamic analysis of robotic manipulators. It provides
a virtual platform to visualize and analyze the joint angles, link lengths, and other parameters of a robotic arm.

2. Methodology to Perform the Experiment

2.1 Setup and Initialization
1. Launch Robo-Analyzer: Open the software and create a new project.
2. Define the Manipulator Parameters:

o Input Denavit-Hartenberg (DH) parameters for the RRR manipulator, including link lengths and joint
angles.

o Specify base and tool configurations, if applicable.
3. Visualize the Manipulator: Verify the virtual manipulator conforms to the 3-DOF RRR configuration.
2.2 Conducting the Experiment
1. Set the Joint Configurations:
o Adjust the revolute joints to specific angles for different test cases.
2. Perform Forward Kinematics Analysis:

o Use the kinematic analysis module in Robo-Analyzer to calculate the end-effector's position and
orientation.

3. Compute Inverse Kinematics:
o Calculate the joint angles required to achieve a given end-effector position.
4. Record the Data:

o Document the joint angles (in degrees) and the corresponding end-effector coordinates (x, y, z).



2.3 Visualization and Verification

Observe the manipulator's trajectory and workspace in the 3D simulation.

Cross-verify the computed joint angles with theoretical values derived manually using DH parameters.

3. Expected Outcomes

L.
2.
3.

Accurate determination of joint angles for various end-effector positions.
Visualization of the manipulator’s motion and workspace.

Validation of forward and inverse kinematic computations using Robo-Analyzer.

4. Possibilities of Deviations in Real Scenarios

1.
2.

Numerical Errors: Rounding-off errors during software calculations.

Ideal Assumptions: Robo-Analyzer assumes ideal conditions without considering mechanical imperfections
like friction or backlash.

Simplified DH Parameters: Real-world manipulators may exhibit slight deviations due to construction
tolerances or wear.

5. Reasons for Deviations

Friction and Backlash: Mechanical imperfections affecting joint motion.
Construction Tolerances: Variability in component dimensions.
Actuator Limitations: Finite resolution and repeatability of actuators.

Environmental Factors: Effects such as thermal expansion in real-world scenarios.

6. Thought-Provoking Questions

1.
2.

What factors contribute to discrepancies between simulated and real-world kinematic analyses?
How would you modify DH parameters if the manipulator’s link lengths were altered?

What challenges might arise in achieving precise joint angles in physical manipulators?

How can the design of a manipulator be optimized to minimize deviations in joint angles?

What additional analyses can be performed using Robo-Analyzer to enhance the understanding of manipulator
dynamics?
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Experiment No-3

Statement: Development of Trajectory for 2-DOF manipulator using Robo-Analyzer software

1. Introduction and Physical Information of the Platform
1.1 Overview of the 3-DOF RRR Manipulator

The RRR (Revolute-Revolute-Revolute) manipulator is a robotic system with three degrees of freedom, characterized
by:

¢ Revolute Joint (R): Allows rotational motion around a fixed axis.

¢ Revolute Joint (R): Facilitates additional rotational motion.

¢ Revolute Joint (R): Provides a third degree of rotational freedom.

These manipulators are widely used in industrial applications, including arc welding, material handling, and precision
assembly tasks.

1.2 Robo-Analyzer Software

Robo-Analyzer is a simulation tool designed for the kinematic and dynamic analysis of robotic manipulators. It provides
a virtual platform to visualize and analyze the joint angles, link lengths, and other parameters of a robotic arm.

2. Methodology to Perform the Experiment

2.1 Setup and Initialization
1. Launch Robo-Analyzer: Open the software and create a new project.
2. Define the Manipulator Parameters:

o Input Denavit-Hartenberg (DH) parameters for the RRR manipulator, including link lengths and joint
angles.

o Specify base and tool configurations, if applicable.
3. Visualize the Manipulator: Verify the virtual manipulator conforms to the 3-DOF RRR configuration.
2.2 Conducting the Experiment
1. Set the Joint Configurations:
o Adjust the revolute joints to specific angles for different test cases.
2. Perform Forward Kinematics Analysis:

o Use the kinematic analysis module in Robo-Analyzer to calculate the end-effector's position and
orientation.

3. Compute Inverse Kinematics:
o Calculate the joint angles required to achieve a given end-effector position.
4. Record the Data:
o Document the joint angles (in degrees) and the corresponding end-effector coordinates (x, y, z).

2.3 Visualization and Verification



Observe the manipulator's trajectory and workspace in the 3D simulation.

Cross-verify the computed joint angles with theoretical values derived manually using DH parameters.

3. Expected Outcomes

L.

Accurate determination of joint angles for various end-effector positions.

2. Visualization of the manipulator’s motion and workspace.

3.

Validation of forward and inverse kinematic computations using Robo-Analyzer.

4. Possibilities of Deviations in Real Scenarios

Numerical Errors: Rounding-off errors during software calculations.

Ideal Assumptions: Robo-Analyzer assumes ideal conditions without considering mechanical imperfections
like friction or backlash.

Simplified DH Parameters: Real-world manipulators may exhibit slight deviations due to construction
tolerances or wear.

5. Reasons for Deviations

Friction and Backlash: Mechanical imperfections affecting joint motion.
Construction Tolerances: Variability in component dimensions.
Actuator Limitations: Finite resolution and repeatability of actuators.

Environmental Factors: Effects such as thermal expansion in real-world scenarios.

6. Thought-Provoking Questions

1.
2.

What factors contribute to discrepancies between simulated and real-world kinematic analyses?
How would you modify DH parameters if the manipulator’s link lengths were altered?

What challenges might arise in achieving precise joint angles in physical manipulators?

How can the design of a manipulator be optimized to minimize deviations in joint angles?

What additional analyses can be performed using Robo-Analyzer to enhance the understanding of manipulator
dynamics?
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Experiment No-4

Statement: Write a program for 3-wheeled mobile robot to move forward, stop, turn left and turn right using Arduino.

Objective

To develop and execute an Arduino-based program for controlling the movements of a 3-wheeled mobile robot,
demonstrating fundamental robot motion control techniques.

Methodology

1. Hardware Setup

1. Assemble a 3-wheeled mobile robot with the following components:

o

@)

@)

o

3 DC motors for wheel actuation.
Motor driver module (L298N or similar).
Arduino microcontroller board.

Power source for motors and Arduino.

2. Connect the motors to the motor driver and Arduino as per the wiring diagram.

2. Programming Steps

1. Open the Arduino IDE and create a new sketch.

2. Write code to control the robot’s motion:

o

o

@)

@)

Forward Motion: Set all motors to move in the forward direction.
Stop: Turn off all motors.
Left Turn: Set left motor to stop and right motor to move forward.

Right Turn: Set right motor to stop and left motor to move forward.

3. Upload the code to the Arduino board.

3. Testing and Execution

1. Place the robot on a flat surface.

2. Execute the program and observe its movements:

o

o

o

o

Move forward.
Stop.
Turn left.

Turn right.

3. Adjust motor speed using PWM if necessary for smooth motion.

Expected Outcomes

1. The robot moves forward, stops, and turns as per the programmed commands.



2.
3.

Demonstration of basic motion control using Arduino.

Understanding the integration of hardware and software for robotic applications.

Thought-Provoking Questions

1.
2.

(98]

How would you modify the program to include additional movements like reverse or diagonal motion?
What factors affect the accuracy and smoothness of the robot's motion?

How can sensors be integrated to make the robot autonomous?

What are the limitations of using DC motors for robotic motion?

How can the program be optimized for energy efficiency?
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Experiment No-5

Statement: Control of an autonomous line following robot using IR sensors

Objective:

To design and implement an autonomous line-following robot using IR sensors to detect and follow a predefined path.
The robot should be able to make real-time decisions based on sensor inputs to stay on the track.

Apparatus/Components Required:
1. Microcontroller (Arduino Uno or similar)
2. IR sensors (Infrared sensors)
3. Motor driver module (L298N or similar)
DC motors
Chassis (robot body)
Wheels

Power supply (battery pack)

Nk

Connecting wires

9. Breadboard

10. Resistors (as needed)
11. Jumper wires

12. Black tape or black line on a white surface for the track

Theory:

A line-following robot is an autonomous robot that follows a specific path, typically a black line on a white surface or
a white line on a black surface. It uses IR sensors to detect the line and sends signals to the microcontroller, which then
controls the motors to keep the robot on track. IR sensors work by emitting infrared light and detecting the reflected
light. A black surface absorbs the IR light, while a white surface reflects it, allowing the sensor to distinguish between
the two.

Working Principle:

The robot uses two or more IR sensors to detect the line. The sensors provide real-time feedback to the microcontroller,
which adjusts the speed and direction of the motors accordingly. The basic control logic is as follows:

¢ Both sensors on the black line: Move forward.
e Left sensor on the black line, right sensor off the line: Turn left.
¢ Right sensor on the black line, left sensor off the line: Turn right.

* Both sensors off the line: Stop or adjust to find the line.



Circuit Diagram:

(Include a circuit diagram showing the connections between the microcontroller, IR sensors, motor driver, and motors.)

Algorithm:

1. Initialize the microcontroller and configure the input/output pins.

2. Read data from the IR sensors.
3. If both sensors detect the line, move forward.
4. If the left sensor detects the line and the right sensor does not, turn left.
5. If'the right sensor detects the line and the left sensor does not, turn right.
6. If neither sensor detects the line, stop and adjust to find the line.
7. Repeat the process continuously to follow the line.

Procedure:

1. Assemble the robot by connecting the motors to the chassis.

2. Connect the IR sensors to the microcontroller and place them in front of the robot.
3. Connect the motor driver module to the microcontroller and the motors.

Connect the power supply to the circuit.

Upload the code to the microcontroller using the Arduino IDE.

Place the robot on the track and power it on.

N S »ok

Observe the robot's behavior and adjust the code or sensors if necessary.

Observation Table:

Sensor Reading (Left)||Sensor Reading (Right)|Motor Action
Black Black Move forward
Black White Turn left
White Black Turn right
White White Stop or adjust

Precautions:
1. Ensure all connections are secure.
2. Use the correct voltage power supply to avoid damaging components.
3. Place the robot on a flat, clean surface.
4. Adjust sensor sensitivity if required.

5. Avoid placing the robot in direct sunlight as it may affect sensor readings.



Result:

The autonomous line-following robot was successfully controlled using IR sensors to follow a predefined path.

Conclusion:

This experiment demonstrated the use of IR sensors in controlling an autonomous line-following robot. The robot was
able to detect and follow a black line on a white surface using real-time sensor inputs and motor control.

Viva Questions:
1. What is a line-following robot?
2. How do IR sensors work?
3. Why do we use a motor driver module?
4. What is the role of the microcontroller in this experiment?

5. How can you improve the accuracy of the line-following robot?
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Experiment No-6

Statement: Control of an autonomous obstacle avoidance robot using ultrasonic sensor

Objective:

To design and implement an autonomous obstacle avoidance robot using an ultrasonic sensor. The robot should be
capable of adjusting its direction to avoid obstacles in its path.

Required Components/Materials:
1. Microcontroller (Arduino Uno or equivalent)
2. Ultrasonic Sensor (HC-SR04)
3. Motor Driver Module (L298N or equivalent)
DC Motors
Chassis (Robot Body)
Wheels

Power Supply (Battery Pack)

Nk

Connecting Wires
9. Breadboard

10. Jumper Wires

Theory:

An obstacle avoidance robot uses an ultrasonic sensor to detect obstacles in its path and changes its direction to avoid
collisions. The ultrasonic sensor emits sound waves and calculates the time taken for these waves to hit an object and
bounce back. This calculation helps in determining the distance between the sensor and the object.

Working Principle:
1. The ultrasonic sensor detects the presence of any obstacle in front.
2. [Ifthe obstacle is at a distance greater than a set threshold (e.g., 20 cm), the robot continues to move forward.
3. If'the obstacle is within the threshold, the robot changes its direction (either left or right).

4. The process repeats continuously to ensure safe movement.

Circuit Diagram:

(Include a circuit diagram showing the connections between the microcontroller, ultrasonic sensor, motor driver, and
motors.)

Algorithm:



1. Initialize the microcontroller and configure pins.

2. Measure the distance using the ultrasonic sensor.

3. If'the distance is greater than 20 cm, move the robot forward.
4. If the distance is 20 cm or less, turn the robot left or right.

5. Repeat the process continuously.

Flowchart:
(Include a flowchart representing the obstacle avoidance algorithm using the ultrasonic sensor.)
Procedure:
1. Connect the ultrasonic sensor and motors to the microcontroller.
2. Connect the motor driver module to the microcontroller and motors.
3. Power the circuit using a suitable power supply.
Upload the code to the microcontroller using Arduino IDE.

Place the robot on a flat surface and switch it on.

AN A

Observe the robot's behavior and adjust the code if necessary.

Observation Table:

Distance (cm)||Motor Action

More than 20 |[Move Forward

20 or Less Turn Left/Right

Precautions:
1. Ensure all connections are secure and correct.
2. Use a proper voltage power supply to avoid damage to components.
3. Make sure the ultrasonic sensor is properly aligned.

4. Test the robot on a flat and obstacle-rich surface.

Result:

The obstacle avoidance robot was successfully controlled using an ultrasonic sensor. The robot adjusted its direction to
avoid obstacles.

Conclusion:

In this experiment, the control of an autonomous obstacle avoidance robot using an ultrasonic sensor was
demonstrated. The robot was able to calculate the distance in real-time and adjust its direction to avoid obstacles in its
path.



Viva Questions:

L.
2.

W

How does an ultrasonic sensor work?

What is the difference between an ultrasonic sensor and an IR sensor?
Why is a motor driver module used?

Where can obstacle avoidance robots be applied?

How can you improve the accuracy of the robot?
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Experiment No-7

Statement: Write the program using Arduino for Human Following Robot

Objective:

To develop a human-following robot using Arduino that can detect and follow a person autonomously.

Required Components/Materials:
1. Arduino Uno
2. Ultrasonic Sensors (2 or more)

3. Motor Driver Module (L298N or equivalent)

4. DC Motors

5. Chassis (Robot Body)

6. Wheels

7. Power Supply (Battery Pack)

8. Breadboard
9. Connecting Wires

10. Jumper Wires

Theory:

A human-following robot uses ultrasonic sensors to detect the position of a person and follows them by adjusting its
direction and speed. The sensors calculate the distance to the person, and the microcontroller processes this data to
control the motors accordingly.

Working Principle:
1. The robot uses two ultrasonic sensors to measure distances from the left and right sides.
2. Based on the difference in the distance values, the robot adjusts its direction to follow the person.
3. If the person moves left, the robot turns left; if the person moves right, the robot turns right.

4. The robot continuously measures distances to maintain a safe following distance.

Circuit Diagram:

(Include a circuit diagram showing the connections between the Arduino, ultrasonic sensors, motor driver, and
motors.)

Algorithm:



1. Initialize the Arduino and configure the ultrasonic sensors and motor pins.
2. Measure the distance from both the left and right ultrasonic sensors.
3. Compare the distances:

o Ifthe left sensor detects a shorter distance, turn left.

o Ifthe right sensor detects a shorter distance, turn right.

o If both distances are similar, move forward.

4. Continuously adjust direction based on sensor readings.

Flowchart:
(Include a flowchart representing the human-following robot algorithm.)
Procedure:
1. Connect the ultrasonic sensors and motors to the Arduino.
2. Connect the motor driver module to the motors and the Arduino.
3. Power the circuit using a suitable power supply.
4. Upload the code to the Arduino using Arduino IDE.
5. Place the robot on a flat surface and switch it on.

6. Observe the robot's behavior and adjust the code if necessary.

Observation Table:

Left Sensor Distance (cm) |[Right Sensor Distance (cm)||Motor Action

Less than Right Distance  ||Greater than Left Distance || Turn Left

Greater than Right Distance|[Less than Left Distance Turn Right

Equal Distances Equal Distances Move Forward

Precautions:
1. Ensure all connections are secure and correct.
2. Use a proper voltage power supply to avoid damage to components.
3. Make sure the ultrasonic sensors are properly aligned.

4. Test the robot on a flat and obstacle-free surface.

Result:

The human-following robot was successfully controlled using Arduino. The robot adjusted its direction and
maintained a safe distance while following a person.

Conclusion:



In this experiment, a human-following robot was developed using Arduino and ultrasonic sensors. The robot was able
to detect and follow a person by adjusting its direction based on sensor readings.

Viva Questions:
1. How does an ultrasonic sensor work?

2. What are the key components used in a human-following robot?

W

Why is a motor driver module necessary?
4. What are the real-life applications of a human-following robot?

5. How can you improve the accuracy of the robot's movement?
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Experiment No-8

Statement: Development of control algorithm for 4-DOF robotic Manipulator

Objective:

To develop a control algorithm for a 4-degree-of-freedom (4-DOF) robotic manipulator using appropriate sensors,
actuators, and microcontroller.

Apparatus/Components Required:

1.
2.

o

Nk

Arduino Uno or any microcontroller
4-DOF robotic manipulator kit

Servo motors (4 units)

Power supply

Sensors (optional based on application)
Breadboard

Connecting wires

Jumper wires

Laptop with Arduino IDE

Theory:

A 4-DOF robotic manipulator is a robotic arm with four independent joints, allowing it to move and rotate in different
directions. The degrees of freedom determine how versatile the robotic arm is in performing complex tasks. The
control algorithm involves managing the movements of each joint to achieve the desired position and orientation of
the end effector (the tool attached to the end of the robotic arm).

The control algorithm calculates the required joint angles based on the desired end-effector position using kinematic
equations. The Arduino or microcontroller sends signals to the servo motors, which control each joint's rotation.

Working Principle:
1. The robotic manipulator has four joints, each driven by a servo motor.
2. The control algorithm calculates the necessary joint angles to move the manipulator to a specific position.
3. The microcontroller sends signals to the servo motors to achieve the desired movement.
4. Sensors can be used to provide feedback for precise control.

Circuit Diagram:

Include a diagram showing the connection between the Arduino, servo motors, power supply, and other components.



Algorithm:

1. Start the Arduino and initialize all servo motor pins.

2. Define the initial positions of all joints.

W

Receive the desired end-effector position from the user.

4. Calculate the joint angles using kinematic equations.

v

Move each joint to the calculated angle.

6. Continuously monitor the end-effector position and adjust the joints as necessary.

7. End.

Flowchart:

Include a flowchart depicting the steps of the control algorithm from receiving input to controlling the robotic

manipulator's movements.

Procedure:

1. Connect the servo motors to the Arduino as per the circuit diagram.

2. Connect the power supply to the Arduino and motors.

3. Upload the sample code to the Arduino using the Arduino IDE.

4. Observe the movement of the robotic manipulator.

5. Adjust the code to achieve the desired movements of the manipulator.

Observation Table:

Joint |[Initial Angle (degrees)|Final Angle (degrees)|Movement Description
Joint 1{|90 45 Rotated left

Joint 2|90 60 Rotated upward

Joint 3|90 75 Rotated forward

Joint 4{/90 90 No change

Precautions:

1. Ensure all connections are secure and correct.

2. Use a stable power supply to avoid damage to the motors.

3. Avoid sudden movements that can damage the robotic manipulator.

4. Ensure the Arduino is properly programmed before starting the experiment.

Result:




The control algorithm for the 4-DOF robotic manipulator was successfully developed and tested. The manipulator was
able to move to the desired positions based on the control inputs.

Conclusion:

In this experiment, a control algorithm was developed for a 4-DOF robotic manipulator using Arduino. The
manipulator successfully performed the desired movements by calculating and applying the appropriate joint angles.

Viva Questions:
1. What is a 4-DOF robotic manipulator?
2. Why is a control algorithm important for a robotic manipulator?
3. How are servo motors controlled using Arduino?
4. What are the practical applications of robotic manipulators?

5. How can the accuracy of a robotic manipulator be improved?
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Experiment No-9

Statement: Calculate the Gait angles and dynamic balance margin of 16 DOF Humanoid Robot

Objective:

To calculate the gait angles and dynamic balance margin of a 16 Degree of Freedom (DOF) humanoid robot. This
involves determining the angles between various body segments during walking and assessing the robot’s ability to
maintain balance while moving.

Prerequisites:
e Basic understanding of humanoid robot kinematics.
e Familiarity with gait analysis concepts.
e Understanding of dynamic balance and stability criteria.
Equipment Required:
e 16 DOF humanoid robot (or simulation software for humanoid robots).
e MATLAB or Python (for computations and simulations).
e Motion capture system or joint angle measurement tool (optional for real robot).

e Force sensors or simulators to assess dynamic stability (optional for real robot).

Theory:
1. Gait Angles Calculation:

o The humanoid robot has 16 DOF, with each degree corresponding to a joint. For example, the joints
may correspond to the hip, knee, ankle, elbow, wrist, etc., in a typical humanoid configuration.

o The gait cycle of the humanoid robot includes phases such as stance phase and swing phase, where
each joint angle varies.

o Gait angles are the angles between adjacent body segments (e.g., thigh and shin, upper arm and
forearm, etc.) calculated at different points in the gait cycle.

2. Dynamic Balance Margin:

o Dynamic balance refers to the robot's ability to maintain stability while in motion, accounting for
forces, accelerations, and momentum.

o The dynamic balance margin is the robot’s ability to prevent a fall while walking, determined by the
position of the center of mass (COM) and the support polygon (foot contact points).

o The distance between the COM and the edge of the support polygon (e.g., foot contact points) is used
to measure balance margin. A larger margin indicates better stability.

Procedure:
Step 1: Kinematic Model Setup

1. Robot Configuration:



Step 2:

Step 3:

Step 4:

2.

o Define the humanoid robot's joint configurations (positions, orientations).

o Input the number of degrees of freedom (16 DOF) corresponding to the robot’s joints, including arms,
legs, and trunk.

o Represent the robot in terms of its link lengths and joint types (revolute or prismatic).

Joint Angle Definitions:
o Define joint angles for each degree of freedom (e.g., hip, knee, ankle for legs, shoulder, elbow for
arms).
o Initialize the joint angles at a neutral position (standing posture).
Simulation of Walking Cycle
Gait Phase Segmentation:
o Break down the walking cycle into key phases: initial contact, mid-stance, terminal stance, and swing
phase.
o Define the duration for each phase based on the robot’s walking speed and cadence.
Joint Angle Variation:
o For each phase of the gait cycle, determine how each joint angle changes. For example:
» Hip flexion/extension
» Knee flexion/extension
» Ankle dorsiflexion/plantarflexion
o Use kinematic equations or forward kinematics to calculate the position and angle of each joint for
each phase of the gait.
Gait Angle Calculation
Forward Kinematics:

o Use forward kinematics to calculate the joint angles at different phases of the gait cycle. For a
humanoid robot, this typically involves calculating the position and orientation of each link (thigh,
shin, foot, etc.).

o Calculate angles at key joints (e.g., hip, knee, ankle) for each phase of the gait.

Angle Data Extraction:
o Use inverse kinematics (if needed) to extract joint angles for each limb at any given time.
o Visualize these angles over time as the robot walks.

Dynamic Balance Margin Calculation

Center of Mass (COM) Calculation:

o For each gait phase, calculate the position of the robot’s COM. The COM can be calculated as the
weighted average of the positions of all the links in the humanoid robot.

o Apply the formula for COM:

Yimi.xi

COM = —/——
Ximi

where m; is the mass of the i-th link and x; is its position.

Support Polygon:



o Identify the contact points of the robot's feet with the ground at any given time.

o Define the support polygon, which is the convex hull of these contact points.

3. Balance Margin Calculation:

o Calculate the distance from the COM to the edge of the support polygon. A typical method is to
calculate the distance from the COM to the center of the support polygon and determine if the COM is
inside the polygon.

o Ifthe COM falls outside the polygon, the robot is at risk of falling.
4. Dynamic Balance Evaluation:

o Evaluate the robot’s dynamic balance by checking if the COM remains within the support polygon
during the gait cycle.

o Ifthe COM crosses the edge of the polygon during the swing phase, this indicates a potential loss of
balance.

Step 5: Data Analysis
1. Gait Angles Plotting:

o Plot the calculated gait angles over time for key joints (hip, knee, ankle) in each phase of the walking
cycle.

o Analyze the symmetry, range, and patterns of motion of the joints.
2. Balance Margin Evaluation:
o Plot the dynamic balance margin as a function of time or gait phase.

o Evaluate the robot’s ability to maintain stability by observing if the margin remains positive and if the
COM stays within the support polygon.

Results:
e Gait Angles:

o Present the calculated joint angles (hip, knee, ankle) during different phases of the gait cycle (stance,
swing).

e Dynamic Balance Margin:
o Provide a graph showing the dynamic balance margin at each point in the gait cycle.

o Indicate any moments where the robot is close to losing balance.

Discussion:
o Discuss the results of the gait angle calculations, including the range of motion of each joint.
e Analyze the dynamic balance margin and the robot’s ability to maintain stability during the walking cycle.

e Suggest potential improvements for the humanoid robot’s balance and gait based on the analysis.

Conclusion:



This experiment allows for the calculation of gait angles and dynamic balance margin for a humanoid robot, offering
insight into the robot’s walking efficiency and stability. By analyzing joint angles and the balance margin, you can
assess the robot's performance and identify areas for improvement.

References:
1. Spong, M. W., & Vidyasagar, M. (2008). Robot Dynamics and Control. Wiley.

2. Khatib, O. (1987). A unified approach for motion and force control of robot manipulators: The operational
space formulation. IEEE Journal of Robotics and Automation.

3. Raibert, M. H., & Blankespoor, K. (2008). BigDog, the rough-terrain robot: An overview. Journal of Field
Robotics.
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Experiment No-10

Statement: Do it yourself (DIY) experiments (Students should take the real-world issue and they have to think, decide
and do things independently)
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YT BT Sifehg 19 B g [T o1, T xa T 9o UU &1 AR 91 HRd gL,
JRH R I HT UEYH|

J9gH U H Ja% 634 ¥ U 719 1 §a1 Bl 381 3 &1 IR

IUgad dagH 1Y (10-3 TR dagH) |

fyatd &1 AT9= &1 Jray .

BT 3R FfciT 1 X & R HA & T Wt &1 T &= arg giH1 91|

10. 3YHTH W I B D AT, ifesd argHM.
11. T 3 RycieR (3ifora 1 smyfef & fem) |
12. 3T RideR 3R 8199 & forw Ues o s |

13. YS1 & STERT TARUT BT dTYHT A (60 T 31feh g1 BT AU |
14. 3 9Td & MR,

N o g ks~ e

Memsst fAdse &t yRnfiin &1 ufssan
fRiefar gt

o= H1| e GIEc 3T S,
fOhR UeR 3. TR ek U1 S, 39YC WUH R (19 4 & o) |
3 FeT gt~ 3R SR 1 g9l B |
fO5R T ST TR 3R WhiF TR JHIfta 31 Sraeft
YT &1 TG B,
@S Loc ®1S § a A= ULoc I, ULOC &1S a1 A=fF &1s STai | fhr Enter 3 1)
fOhR TP IR Y (@1 qrIH aRad B gR) M1 ST | I8 AR 3aRgehdT & forg
gfg orufd SR 1 T | It Bt BT UeUa B SfHaH 3T 250 (§8TR 200) B
Bl




8. 9 gH 3ifdH ATUHH Ut $d € 91 §cd Uhd & | UeX qad |

9. 9 8 I8 BT 9T i 81 Uex gal |

10. S CI3Y 34YC HX. TR gl |

11. fR P F W IR I ¥ et | 37qe ¥ (31fiedd 250) | TR gal|

12. TR O Sifaw IT9dM S @RI

13. bR &9 387 &1 997 AT 8 | (U8t 99T A & forg - R gam)

14. (AYC: THTW B & forg ¥u 0 e, fhr v Jwg 3man, fbr 2 &R garng, i
3T SITETm)

15. fOR TPIF 2N Teh. YR Ta | Th gof BX 1. U (FeT) T YR 7Y feamd | (@R
qr) |

16. 111 E_01 Uex qad |

17. QAR 0 fe@T X@T 5|

18. X g IR fadd &< 1 g |

19. THITH =eR . fihR 1T 10 s & ford fhx T 37 qaT¢ difes AR gifesd Uiam
drge T 9% Iadr g |

-
L AN
3ifaT ST

gy —

3. SR fUrae= arelt wgh

S afeR fraeas ardt gt Iauy $s: 8417

U Head

MR T d MDHR: (Sg x T x 8I) 200 X 200 X 250 ot

3fferemaH. AqHM 1400 F&Ut Vi ao; S aruEM: 1350 f&3t AfQm™
YT, gdiehdr: +1 feilt A

BifcT a: RifeiepTa Pprafgs, 3id H-ov & 1Y, AT A ufafaft a7 oy
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3fiaRke Fe: R 9IS, forges aFl W gifidT da 3@ U g |
AT FoRBIT US BT RRIAS BrgaR

fTor: <Aae @ aToEH & e S16st W a1y S0k & 1Y feud AR, S18%1 IRR 87
A 9§ &1 8 oft fafdad ureer dfta 8|

10 SR BT HRISA. 2 AR DI &HdT & A1 U I Fabram & g e ©¢ are w& 8 dead
T 7T 7, Ford ftaR SiR i e 9 98 T ¥d s § Wi farar sran g |

5 fpaum I TegHia| &1 fUaam o 9T g |

9 JaTe iR & A1 4 B H SF1H 719 UaTg 1 gawT|

G e, YHieHud 3fe ST &t AR ¢ & fog =AY gadb ol uri H 5
TSR 3hTs & 1Y UTaR =07 (=RU1 10T UigRey)

SRR, AT, AHIRAR nuTRd dems<l MmHayg e Je 3R aRdfd® &1 algs]
YagH|

SR, Hiod TRl Foft & Y. YHGUT s METRA 3R HIcS SiaRM G0l & a1 | AR
UIcl/aidt-3iRud 13% |

IRET: 3R e 3R WTE Ffehe I JRE
I Ud S SATH, I AIIEH | Fax B gt
foroTatt Simyfel: 220 diee Wit RiTd et SMyf |

2 TieR &l & 1 R+ Prafgs Hied & Y




4. TS RS fFex Fifec de-3rm
SN o
I e aTd SR &1 SUTNT fUue g3 oTg &1 fohed Ufehal & SUAR & forg foa Sirar
:, O 4T & &, T Y 4T WRET & @1 U ¥ URSHd $HR Gdhdl §, §agd ! T
I o HR Gl ¢ | YT AU BT ATehd, B R, A, Hra e H Ieaa- 1 R gl
gl
TG ST
1. 3= ifad Tegdiad, FEifRrm fiy urg &1 Brégt
2. TegHifo SiR FEitfRre iy orq R, e 41g &1 SdTed &
3. faftr sy eng TrTelt iR AieR e T Ul &l 7§ HrAT
4. BTSS! fafta urg daifore SR 3= Wfad TegHiaw fkes
JdTG IWRIHER:
1. 550°C-850°CTRR A
2. YT SRR
3. 3RS ATGRI: 20KHz
4. TTaR: 2000 S&Y,
3 TMfad feeraIfa® UTq fUrael IUAR USRI Y& U
EELD
g 50-60Hz faoTell &) I=-Tifad @1 I3 f faTelt smyfel & RiMiaikd &R Iabdr g, iR iR
CITSTER &I UG & qdhdl ¢ | Ford YaehrR Afche, SRafcT dfdhe, THeirR e,
BlSSd Hidhe, Seb Hidhe, Tieaer Hiche, AR Afhe, fEwe Segricy oiife 2mfia g
ISR
Tg I AR faetelt Solf ol 7= 07 Sort & RIMIIRT &R Fhdl g |
TR
DT IUANT TTSTIR 3R 81 I S 3R 3 Hx & foTe favan ST 8 | 519 ThRIeSg@R &1
S{TATH ST ST, T T8 B4 b Ugd SIe|
GEIGIEIEE)
g TR &1 ol 3R Ga1d DI SRR Tard IR Herar AT
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g

DT SUAN TASRR, TR 3R B DI Sile- & o fHar A |

UTd & g & 91e, 3TU®! had oid (AHIers) &I fad gs urd § a1 gRT, S o1 &
frgam & T sieemiFe Al S| TS &1 SuanT RIS & o foear oirdr g1 dfe
3T ST YUTTelt H IS TaAT YT 3R 9l Uedh g1 Bld €, 39Tere Ffdd & fom 18
faRiy sirazgerar 21 gl 2 | frht faRiy ek & 41g ! fruany, S e, e areht v,
Ygl fobeciionrur, iR siegriifes |l & o fore S ol el g3 ord o gait &1 89 fUeeh!
g3 YT &1 HHET, TS SFRex fad 3R SfeeiIH-d $I digdl &I FHfEd & & fag
TS & JHY B! [T TR qhd § | U1 ATt B fa=Ieary 3R SaRgehdTy SIer-3a
B €, THTa 3R YHT Sfeeriife gRT st 8T g | o1d &1 faflRry weriA srawaearstt & forg,
Had URTEM0T 3R T & ATeOH I eI diadl 3R IR URuTH &1 Jaiad dda- ge,
dTfch araH SUAR Ufehdl daR B o T |

Stainless steel shell

- e
%Eﬁifhjg;;;ﬁl booster flange (For fixed)
] il
hEE | L B
transduc er!:‘a‘ \ ;‘; ’ ™ %4 2IA %

|
i /" Titanium Alloy Probe

booster

Hangzhou Success Ultrasonic Equipment Co.,Ltd ——leon

0N

ot e oI 2.5 fdbdiare &1 o




0N

& g B! 0TS SHE

ICERE SRSl

eR & a1y fFrifa arararur afdea AfcdT v a:

fIggd aTU THR UImHang $eaieR fUae are WeT:

1. BT doR &7 3R 3: 150 e, dars: 180 et (@)

2. HSl B SdTs: 380 folt (@)

3. 3B IH ATUHM: 1200°C

4. YET DI TH TR 3R 38T B DI & a1 TH B o T8 B (AT B o e Ui A
I g AR |

5. 3{fUBTH TR AT B B a1 difesd dTaHT.

6. ISR BI G RRI TR ST I T [T S Hep- arel RIS I die Ribaces] quIc/®maR &
1Y & A & WeH g AT

7. i e gaefa 7 SWR § gaiid S (3 fm, Ty &) WieR 3 & o7t us gg-siefi
27 ot &< g =nfg Ul

8. TR Hier &1 ST kb fAIfGeT sicatie & A1 ¥ SfegI—e Wid &l SR 3R - &
&1 TTYH, SN S8 BT FUANT HRh Udh de- qaIdhR 1 HY3Hd U J g8 DI GHIHR ol g
® IR U Y SWR AR A HA T el §E11 SHD farar o o fRufd & am (Ugl &




HET 318 P 1Y) 3R YT I TR HbTa & 916 38 UG & U R (8T =0 4 o S Bl
Ty BT TRt (fSad f3fer a=iia o fya 7 =t 7ifay & Twm) |

9. g1 & Il T T8 & =1 N & FH01 & R aTg, +1d T AN (W & 1Y UISy) & 1y
3 frach g2 g 1 STa- B awT|

10. YT B T HRITA B g™ R UaeH & die R S S S §16R Harea @
TIEYT ST A1EY, 919 Al STer &t YOIl T SUANT -Tg! [T ST 81|

11, BRI F U1 &b SHWR AT T BT 31f & o 6 fordt ooy &t T o Tiel ogd S &
forg =fief oram = dg gar 9mds o T R 6 ot ooy &1 w5 811 T U

12. 6.0 O SO & 719 TaTE UIRU & 1Y HRIEA H U & SHUR Hfehg T (3 Bt AR
3afct ST UTaeT™ 3R Ut ArTeft & &1 71 AT i 1200 °C ATIH &1 JHAT R b | T8 719
TdTe Jidhe 19 YaTg Hiex I GHSId g1 =mfeu|

13. gt T 41 ! fRUf 9= o forg =i R ol SR &1 U == =i

14. 3T 3MYfd & g T 3 RicisR|

15. 3T Ricigr & forg T S Waiex |

16. 3T SMyfe o forg et ursy|

17. YS! o STER1 SATARUN BT ATUHH <LAdH (60 F YD =g) BT ATgew) |

18. HS! & fac R IR IR e &1 UMt § ST A &1 IR

19. 1 9T &1 TRl

gifa® e

1. TIfd: 400 SRUTEH (@Rad-a, aRad-1g i SRiT HieR &7 SUTNT Hb)

2. daTs: 300 I (WS T T BRI B TERTR & SER THIH)

3. Y3 A Y PpRITA T R B FIR-A B 1 ATRIT IUT R B g1 T a1 Fapre
& 91g UM T (UST & HEIT 3181 & 1Y) GHM qUT g1 & Th R Aegqd A Pl
IR (o o) YfSaa feferm wefia & fga 9 o1 7fa) |

SIS g & e faa aw:
MADHR ogd & AT I ST UHT TR PR M ofid (AN 25.4 i, daTs: 254
o) & U Bl ST B DI TR 38 T B SATYfd o o FRIeR Teran g1 @

10




5. HIEIPd girade e o (gdiuy)

fa=iy faaror

&fTCT: 1000 . TH. (100 )
HUAT: TS SUBII

Kl 1200 FAt (@)
SRICEAKIIE 50-120 foy/fiAe (@)
e €i: 200-300 fart

Hereq fUe sfigie: 0.1-0.2 et

o 419 & o A9 TUMT: 3fIbad 0.3% UR

ATH HI fafdm IS S 0-100 FHTH, 0-250 HUH, 0-500 BT 0-1000 HUA ATfS H TaTferd dx
CARYIEEIE)

deld Od (TATENT + HIgeHd) GRI SR & Y 3R SR & {571t HH B B
e |

e P! TTHiey SR MU W] &Y QT HA1 SN

Tt AP TETIE SUBIVI 5 UPR 3

Kl qTHT STATH (STH)
1. Huts wic g & ferg st | () 160
2 el AT U & forg, (fre) 10 - 30
3 el AT U & forg, (fre) 30 - 50
4 e AT o o forg. (e 50 — 70
5 Tele T9AT et (e & forg 0-20
6 Tele AT et (e & forg 20 - 44
7 Tele AT e (e & forg 4465
8 fYHAH. Tele T Bt draTs () 70
9 ST BT AT Aok gad= (e 160
50

11




T (fPre)
e & 1Y, Uy Rerd) (e o0
10 ERERERINTEED) 16
11 ERERCRINT () 20
Sffafea Tgra® IuHT:
1 | gD TR
2 | 10 T ST I IR T o 1T IR I8 =T UR1&01 < Ta |
3 | HY T 3R fORIT T T o fod =T TRi&or T, =7 ama
. g & for f¥ivg & g1y g fyuiia gnfsai w11 3! 6, 8, 10, 12, 14, 16, 18 3R
20 fordt &€ arelt AT (TP R At 1)
: TH 6, TH 8, TH 12, TH 14, TH 18 3R TH 20 U438 79 & foTd 6 IS S Sl 1 1
Je
. 50 ot TASTE 3R 3 it Aiers do Weie See 3t a=ar ulieur A & forg
ST |
, T & BT RIEUT & [o1T ST & 5 T & 1Y BIT ST HaRAT TIEUl| 5,
8, 12, 16 Td 20 o,
T & HaRAT IRIEUT o [l FIFSTT & 5 T o 1Y TS ST HaRAT URI&UT |
° 25, 30, 35 37K 40 fot
9 | BIISTM Fice BT IT (8 BT 1 <)
10 | 180 f&3h g oxe sfeade
11 | IR A B
b 140, 175, 240, 280 3fR 320 ol 0 IR & foIQ lTH 4449 - 1997 & FTAR &S
$-dg e sreade
13 | $Y 3R VST T & oIE =1 Tieqr Srgesies
14 | g 8 f&ate snfeai <t o sRA & 1Y 1 6, 8, 10, 12, 14, 16, 18, 20 fAt
15 | M6, M8, M12, M14, M18, M20 & foTT 6 YIS 8 FfSdl &1 T I |
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6. fsforea Xmaa g foa wolvar udtaror a=fq

fa=iy faamor:
8101 YR (fBARITH): 60, 100, 150 Riddd), 187.5, 250 (f9a)
URM® YR (fFaum): 10
SHTABTH. URTE0T SraTs (FBrh): 300 (THTH)
Ad: BTe Sxhey HuH! fafes, gor
HTHTH:

1. ﬁﬁamﬁ—sg’é‘c’z:ﬂ'.
ST 45 ot do o S o e T1idt ST o ford ot a0 & 9 uRierur diferer: 1 4.
HOER WA dld SacR @ 1/16" : AdH 5 T
HoR WId dld Soer @ 2.5 i gAaw| 54,

HoR WId did secr o5 il gaq | 5.

HOR WId did gaer @10 B gAaq | 5 4.
X 1 TIIARAT: 1 7.
WW@M&#.
9. o siich Tae 2.5 fot / 187.5 forammd: 1 4.
10. ¢ 1 250 farairmy: 14,
11. U@ WR: 3 77,
12. FafiT fEarga: 14,
13. R Ay : 14,
14. IR §al: 1.
15. 3G IRipT
FoRal Wigs d Fafefad fauang §:
o TSI EHY UeH
o JHAd HERAT T (GIA T, o, Y, S, 5, T, off, T 3nfe) & faftrsr duml wR
HARAT Y DT YIaeT |
o HRRAS P UMb ¥U I THIS] W1 R UefRid fbar s anfgu
o 1799 IS aPh & g8 s AR BN Al & oy et g A

L N o o &~ W N
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wRiar aRumH 9y fede & firg deidt 9 e Rad ersd wdile

gRUMY 8 i< 3MHR H USRid 8- a1feT

3 fased & forg, a9 ufkomm ae whiF R yelRid 819 =1fgu | udemr wrem
& §1C 3N 3R AFS faga A efRia feu o §1

TRl § Tarerd aRomd St ufafd o a1y Red & 1T 100 A7 3ifeies giRoma &t
GUGId A BT TG |

R & URUT YSRUI &1 &M AT 318 P HT WA | S9aR RUIE 3R
TiRgTe g RUIE ThiF IR USRI &1 o a1ey iR fHfer W gfad &t Sl anfgy
TS 9T T STNHAT Bl SHUR/ATD Boil b 1Y Thid PP JeaiTe! foeat IR
TTHT 7 T a7 T Term g aey

Tferd U Y Igfd g BT Udl T

YA B IGd goi & AR Ifrd THA &1 T S H &H gH1 I
Tex FTferd TaaTierd At a1 H-g3rd QST &1 99+ fhal ST 91feu

had, JVhad Tda! AR f5d HSRAT TR0 FHg g1 AT

Riehda A forret (werelly, faesd (@), 0 (Tadh), TuTsd WY (HUHST),
ARSI IR (SSIUHATH) H URUTH &1 = q7dRUl wdTferd i1 dliey

fiier $exty o fore guae o itae uid

fife ufvomm & siftmra: 99 HR, difvaa 3R, i, T4, FoRdl 9 3R
HARAT Whd QM g1 AT

RS232C UIC UIUTHARY g1 A1g.

HARAT URIefd TR fHT 7T U&7 STETH 1586 - 2000, STTHLTA - ST - 6508 -
2, ABAA URTEI0T & foTT TTHETH - § - 18 37K et TRi&or o oy Smguy 2281 -
1983, S1TH 240, TTICITA - § - 10 3R MUY 1586 - 2000 F =Y g1 AMTI ,
o Tae] TRieor & forg weaeien - € - 18

TeRTs AT 001 ot O S wdiadl ST 1S & W1y g1 A8 ¢

Tferd a9 YgdT &1 Uraur

FTferd THM 99+ &1 UraUT

3f Gavd o feTT wrae™

fdeIo1-8 db TTTd Uftbopdd SUANTH A

(I’(\\ A

fISIe ITtedaR UeH fovar

14




GIHEAR & H1e0H ¥ HART Sl b HiRSTh 1Y IRV &1 Uraer
b dl GoR Seb ¥ (SNYSHTS) P AT ¥ Scl HSRUT BT g™
Ao 3Tk Bg3rd Gl At &l grau™

TUHTE Uiefur sdites UG faa ST anfge

Teh ITdd i aRCI

7. AF3d HoIRar usteor a=fiq

fa=iy faaRor:

Hisd: Tys fga

SHU: gaY

RlHdd HARAT URI&D (Hg Hlsa)

pad 3R el HoRdT AY & o Iuge |

T80T YR (Kgf): 60,100, 150 RIdBAd); 15, 30, 45 Riedd Ida))
TRA® R (f): 3 Riedd Tdah) SR 10 Ridbdd)

B, U&01 B s (FAE): 295, 7T B TexTs () 150
SHfAHAH. YR & ~iTd UfeIafeT &p &1 Tevls: 310 At
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a2y faawor:

HUT: AT STYHSM 9001: 2008 THTONT /TS A |

AT, THUW - 12 TH

RIS BIEER 7 YA & 1Y b doi (3¢ SR & §oTd) | JTE TR0 el dlar
arel Jiet Uiftemed Xt @ 41 |, S UIdex IfT & a1y duR fohar T gl

HYA "T-1" AR Y S I |

ERAT IR 8- aTalt eIl Judst] TS 718 g |

TITE T9 BIUS R UfehaT 3R A< ATUHM & GlgR UaRH o 1Y AISHINRIR 1eTRd deigel
[BRECA HERERIRICI

220/230 diee T RiTe ot 3gfd|

3Hfeeh . dYET 1200°C dh

ST AIEE 3 1150 &I AR d

SR, T 2 {5t Sf’md

A STHR: 300 X 300 X 300 et
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9. FETGI® e
fa=iy fagwor:
SHUH: aR U1 fofies
&HT; 30 fobar
Tlhar: +0.01 T

10. gy HTeA $I A=A

fa=iy faaror:

HO: RN

Tfd: 1500 RUTTH

UISFET &I BT STHR: 300 X 2 X 32 et
3. THAT 3TDHR: 30 X 30 At
T 24" X 26" X 30"

11. St AifgT w=fi=

fa2iy fagwor:
250 famAH: 9% &1 i s o1 I & 1Y gara A aqT womedt & WY gEeifid
UTaR U Riked & A1eg 3 e

T &1 ATHR: 4 BIC X 4 BIC X 4 BIE (LXBXH)

&HdT: 0-30 T

@i &1 3HR: 350 T x 350 ot

gfdhT @i &1 3MHR: 300 At x 300 e

AT HieTs Ag-=iterar 0.05 et

WKIPp: S drge Ui 200 At

aTa e Sl Wict & argH 3R Wda- =01 & ot g Tpi TIuHas gt 91eu|
e e siftreay. o W ufkawr 280.0°C 3R HieiT egwR if¥dmdr | ¥st 999 fire.
;e ThiF TATHSTS [Haa% gRT Fafd Tia-iss died & A1e0d I

T+t safdeerd 3R sdgele Uee Ufaf¥d Hu- 3 urd fpu U B

HAGET UTaR IwTg: 5 fharare

TIUH3TS <7 wh 1A foud W fSfired gara Yad ueH favan s anfgu

$HUT Y g9 & T 31eaae 3R HRY 1071 TR |

STe @1 die ¥ 99 & ol JR&m HaR |

%Y Aisd
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12. ¥q4Tierd TaRag el ATg-

fa=iy fagor

faftr e RI & ¢u, g, ¥s 3R AR & e @i veaseH g
TR IR O O ey yHienfe amial & o Suged g
ey, didiedt, dig snfa |

fofmsiger - &ferst

&% P TS : ST 1000 Fredt

fYHay. AUHH 300 &t T a1 sifds

T TR Hier & 91y 25 el veagse

> /S SUTd T 25:1

> UM & A1y ¥ syfa & | =fidadn

> a1 & ATeH § Ok & § Xfidem

> T 2 fhaiare & RRA® glex & A1ed ¥ oRkd &I TH &A1 e

HI:
CRGE I BRI P 1Y g 3R Gemor ufaRieh arft @ o+1 g1 =gl
50 SR ¥ 3HfYH a9 Tg7 P & J&H g1 I 3R Rz fhfawr g anfgu|

BEE 3 UG & 1Y FoTg SfR HemRor ufoRieh Trht § 1 g1 anfeuadur it
& 1Y Ho R,

Tp B {STe U1 g1 a1feT o oiftipy odege i wordg Ao

& 1Y
33eYc:  TIH 10 fharmarder (@)
TR TATHAT 100 SRUTH (URTcH13)
aiRUT ST TTHT 3:1
Rl J9gR UHR & fR;
U BIIRAT B! BB aH §6 TgH B o ol Sz fovan ST =i 3iR Sqah!

3fAfd &t <1 =fey RITR FIRT BT ITANT HRh [TRR Pl THAMH Uga™ & forg
SR &1 qald|

SIR R T4 1:15 9ol
TR &RuT ufeRiet Irgddt § 41 g1 =iy, HfdHa: Ty Eia 2fic 9
AU 8 THAITH &dT & T 31ms AT Yunel Ue ot S+t A1fgu

18




QdHI:

ot

forgma SR Temor wfeRieh Al & 51 g ey

TH AR PR 3o

> TUEla & forg Iugad (2 ot X 20 foed

> 03 T IR (@50 Tt X 150 foeh)

> AR b e i dar Iuers HRrar ST a1y

> YT 0.25 TaUt B U/ IR arelt Ay
PSR FHIE & fC B9

> I AR Has T gie & 0.25 Tadt R Aer & fore Suged|
THIEH aT3 & fore forisror s (dieasd

> 4 dtege! Aoy aa®

> 3 TIU T YTRer Sd A’

> AR, 3R diee, 38R dieed, R BT 3R Wics fawaar I JRe|
CUTS:
> fafid sMeRl (BT, Hey 3R §19) & <Y T3 A< |
> 3iferemay 5 forft x 30 et oo faftd <ieTs SR Wiers & U §91 & fore Suged |
> g ofR TemRor uferieht wmeh @ &1 g =iy
> U&hd JISU YurTel!
S
> Tafird SeRI (BT, 7ead 3R §8) & o SI% ¥c
> ol SR &1 &l & forg Iugad
> forra SR Herur uferiedt Irnh ¥ &1 g1 =iy
TRFTIRR
> faftT SRl (BIe, 7Y 3R §9) & IR TTE Je|
> TMABR AR DR By Yo & fAfd 3THR & dRi & fore Iuged
> forra SR et ufoRiel wrmht & &1 g anfee
> IS & Yo o ot Idg IR WM (Gid) I &1 graem™=
As TS
> fafld MpRY (BIe, AeaH 3R §9) F MIAHR s & forw ST Je|
> TR AT AR HIY YA B! AT SHHR B Sel o oE Iugad
> e iR HemRor uferieht It & &1 g =gy
> YIS & T & ol Ide IR WRME (G1d) S99 &1 Urae™
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1. UaergfoiT (RR) Ty 14,
ﬁ?sﬁmw:

2. . 14.
3. UM &t Eopl; 14,
TAdH T T &I dRCT UG HI ST AR T
13. f3forea T fier
o=y faawor
1Y goft:

Il ehIHIeR: 5 T 99,999 HRUTH

YD CHIHICR: 0.5 19,999 IRUTTH

gag! 7Ifd: 0.05 ¥ 1,999.9 Hiex/fHc |
0.2 ¥ 6,560 Wic/FHc|

b e\:
3RUTTH: 0.1 ARYITH (<1,000 HRUTTH)
1 3RUITH (1,000 3RUTTH)
Hl/fiAe: 0.01 W/FFe (<100 HifiFe)
0.1 H/ffe (100 HifdH<)
Bie/fiHe: 0.1 Bie/fiAe (<1,000 Bie/fie)
1 Bie/fBFC (1,000 HIC/HT)

f&wt: 5 3f@, 10 e (0.4") TERiTST
gt + (0.05% + 1 3{h)
T BT TYR: HICS fohed
Hidhe: AIgh! HHex TAUHSTS die o [aRY Teh-fd

Il dIUH: 0 - 50°C (32 - 122°F)
qR=ITE 3MTsdT: 80% 3RUT ¥ HH
AR sifaa s an/=gag O
e 4 X 1.5V AA (UM-3) St
faoreft & @ua:
Hiel UHR: TH. ST 153 THY
9% YHR: TH. ST 10 THY
3hHR: 195 X 61 X 38.5 Bl (7.6 X 2.4 X 1.5 $9)
goi: St Tfed 280 UTH (0.61 TTIS)*

ETaP SUHRUT IMHS:

I HY - 1 TR
yfafdfed eu & fF=me - 1 dih
SRUITH TSTER (HSMT) - 1 Gt
SRUTTH TSTPR (W1eT) - 1 Uit
Ho Tid gRieror afgar - 1 g
HTORRA A3 - 1 Uit
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14, gl Wie & 1Y fSforea Hifes e
HiSd: MS-H280-Ul, Udh: SCILOGEX,
Tes ol f3fored gle wie g fewr
Tfd THT: 100-1500 SRUITH,
ST, 280°C TP,
T SR AU &1 Tasa! feea,
a8t Uit 1000 AR,
fgel &1 &mar: 3 diex

15. 9eT ATSS

Tled: SLE BG-21, Hdv: Wac!, TSy dec: 100X 915 ot

e 1HP, 220 V, U1 & d & 1Y oy Jied

16. HISHIAT 3Na
HUAT: ATETHST
& 30 e
17. S3PT-¥S T
I dTIHM & 1T 3761 ¥ TS ¥R 367 0 9 650 0C
ToR S Ulgex & 1Y

18. SCETAI-P TR /AT
3R 40 KHz

UTaR: 300 S&Y,
ATgHM: 0-80 feoit AfRTTy
TISAR: 1-99 fie

19. fsaF Ac F Ay g foa
CRIRCING
Urd¥: 550 sy
e SrpR At
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20.dgH 3Ma+
HUT: AT PP UfcRey T/ 9 UY & 1Y VOR-654 (11T TeIUTSS], HIUTd R
3irfef)

ar—ﬂﬁﬁ%szr:
EEZRICICENCUIEIG)

SISt BT UBR: 37 3R TER ! Siet WY TId I 591 g, T63 dret urdex I afud gl
TR &b ERI 3719 B a1 1S 74 781 -1 =ieT 3R Slep A $Yaies g anfeu

el o IR SR I d19+ o forg TRfY & IRY 3R 3=t oraT ardl giex |

HremESt dgaTH. ATShIURRR uTRd Mense! fefSed ammm iR vy fRume gr1 Azl
U 3R dTYHT HIY ot S |

qiex fewal o Ty o v Jae I8 aae |
dTIHE giedr: +1°C
ATIH A9 & folU K bR YRR

3f1a P! a1 Tt aogd 81 & I ATUHH IR TR HTH $HRA § & g1 a1gl | S/ad
IS IR -760 FAreft Taoll, (10-2 THER) o dogH UTd |

AR Thad: IR & 1Y fSRTed HR F1 dR-gH Yohdd 3R TH died YHR S 9 0-
30" TFSh & 1Y i T gen B

JRH UU: S ol Aed] YR &1 dd HRT dagH ug
&I 75 Wiex/fHe; Hiex 0.5 TadT,

fafird ared 3R 19 & 1Y RT H | S1S Ifed TRape 3R Trge Ard Aid gRY e | arade
T RT+5°C ¥ 300°C; YE & SR T YC & -1 DI dIIA -6l g1 Ay |

3TN 3MBR; 3000X375 fHH (G x TExTE), & THLd ¢

T 90T fooTart SMYfd 220V, 50Hz

Rt foet off fafafor S & Raems ve a9 &t e aRe |
Sifaed: doge du e |
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21. TWARER
OIER 3TR A Tiféha o forg farfain Je-sm & waiiRey, TSfET adfod anfe i 81
HU: DEW (i1 Rikewy, Hiutet gRT 3Mgfd)
faRiy faa=or:
SH BT THR: 20" X 24" ; YT THTY 3R ey [fHd|

Y [of o N .
&1S: Sl xCld, ¢S DI GEAT: 06,

Alex: 20 Tl HiFed

22. g fEwRiger a1UAM whars (TaeSidh
ERRIRNIEUSSIEEE|
TRI&101 IUHRUT & TAH: 3 T 4.2 ot <ver 9.8 F 15 fye) Hier 120 fordt wdan
e [N & e &1 gl 100 + 2 et
TS R AMfET foR &1 frear: 3.0 + 0.2 foeft
ATIHM 3000C T, FATH TUMT 1°C)
faermor arg: 0-10 et (=g oM 0.01 Rl
T TR §: 25 T & TRON H 200 F 1800 ITH
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A FHrfoTe TR § HTH $31 & e JRem Jraenf=ar

I HHEITE od H S HRd 9T Fafafad QRem qrau=al &1 uraH fear s |

El

AT ST dd H B HRd 9 9 S I Sd Ug d1fRT|

A HHIE 9 B B HRd 999 T SR G 3a<d Ug-- a1l

BT B TR § §PR 8] &1 T U7 WS g} TgT1 AT

o Bl &I fodt faRiy T7=iF a1 Iueur & TaTe & gy & 3fod I 781 8, S5
JUDHRUT T HRIH BT HATH g1 DHAT1 A1 |

forlt 1t TefF R S FHRA T g B & IR T SR 3R JRe et
BIRCRIEIREY

TR §G d G0 BT DI s U SUSHR AT U ATe] gTad | ol Ble-! angy|
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© N o

WARN ot gt

TUA-TISHTE ! A1 duifore & o IR R arae™ & THTId &1 3eqgd SRl
TUT-TH3MTSHT HIITE T3S S Y& WA W did e 9 3R afd 9 Trdex
oI 3{UTd &b YHTT DT T BT

dreT e HHifoie ITdex & HIShReTaR R Sid HfeiT AMUES] & THTIT BT 38T
AT

I BT T FAT & 01 TR A9 IUIR ATIHA 3R THI & YHTG BT I BT
-Hfeay duifre TAT & oI WR gie dede vy 3R THT & YHTd BT 3(eqa-
HRAT

fafrs SRR & A ®1 Abdd BRI (@-Wha) FHuid HH & forg|

fafrs SRR & A &1 Abdd HARAT ({1-Wha) FUid HH & forg|

TUA-TH SR T A Bt fomd doRar Huika s+ & fo|

9. I BIEF XA & Al & Udd T DI Adal HoRdTl BT YR HAT

10. faf¥ra g1 o 701 IR iie Ui & TUTd 6T 31 AT

11. T30S Wi A TR -l URI&01 =1

12. TUQ -AfTq HHIfSTE THA TR a-gdl URIE01 63 & forg

13. TRIC-IHIER BT IUANT Hxdb TegHi-ad i &1 T IR d=adT UR1&01 =1
14, I HIeH WA A TR HUISH TI&01 A & foru|

15. 3A-AfeFY HHAIIe A W YuisT wierm w3 & fam|

16. ATSeS WId TG TR HaAR- URIE01 HRAT|

17. TT36E WA e T WR o8 X I & o |

18. HHR IT I ATTAM WR U1 3R FAf¥a uraer &1 o=
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ST UG URTHRI UNGISHT3M $t it

9. | RO ST | UG ST | AT URIST® 3rafer Rufa
| o
1 | 765 At cim=E | ST 30 40,450/- | R s 01 3fageR U | QRI B
ARAFH AR UM & | [fga PHIORIA 31 fddsR
BIECEIVIED] o gfean 2014
e f;ﬂs' Qs RiftRs
RSTAR
SIRLE]
Tefear
2. 400 hdl S| IO 11,450/- | UrR e 25 Ral- | QRIGHI
CNfRA AR & | Rifgd PHITRIA
T AR AT | - 05 U 16
R BT TGS ‘f N ffirs,
Tof<r fazetwon TEAR
3. | IccMIMeG  TEHdl | Sl IO 12190/- | THUISAE 239H-31 | I8
T R IR gRT | Rifgd Td fafe=m S[ATS 2016
-4 Tic FUIfSTe |
&1 Ao ST. $RTH
7o
4. | 3@-S4T  HUIIE | 3. ARTH 14950/- | GHUAISAE, 23[F-31 | RIEHI
&1 fmfor 3R faifeiT | <Tom fafe=m TS 2016
HIUCS] BT 3D P
Rifed
5 |gSIged  HHH | Sl 11500/~ | gUiTy 75 2017- | RIGHTI
Igyar % fou | Rifed wd gHaRdT,
e ¥ | fa 6 e 2017
yefrg R @1 | S SIET
TRAYOT 3R &I T
quiq
6. |Tca dAftem o | 31w 11500/~ | Stgamedt, 26 2017 | QRIGHI
FHUIfoTe: YA 3R | Rifgd Td Hiare 25 9 2018
TEOT IO
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3. 3RTY

7. | S SRERT ARl &7 | Y] 11500/~ | Stgsmeet, 26 92017 | QRIGHII
fmfor ofR @eror g | Rifgd Td Hiaret 25 9 2018
81, 3RTH
70T
8. |uferR Afew =4 | Sf oRuy 11500/- | SgaMmsay, 26 S 2017 | QRIGHII
Huifse &1 faem | o Hrare 25 5[ 2018
M Td ST, IO
Rifgd
9. |9 U yafad | ST ARUH 11500/~ | SRgamsaY, 26 S 2017 | QRIGHII
gifer R Afeay | o e 25 9 2018
Hafele &1 @ it T
3R qefor quia '
Rifed
10. |uferR AfRem a9 | ST 30w 11800~ | Reap, 1A 30 | GRIGHT
sio2  dUlfcle &7 | Rfe, HIgret 2019
f&omg 3R fmfur y
&1, 3RTY
o7
11. | Ted A Fuiftie | ST 30w 29500/~ | THUHEICT 10fcdR | ATl
&1 fFmfor SR oiemn | QRifgd CANEREIRT 2020 ¥ 31
. Soifafar SelTs 2021
1. 3RTY e Yl
o ST
SIRGE] (THTA)
Fefan
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12. | uwulferR  Higeq | ST 3o 11800~ | Hlu@SMEl | 3FTRd 2021 F | RIEH
I9 BRR 99U | RifgdTd gl oxiTe | fadeR 2021
EERIERNECRE B

ST, 3RTY
0T

13, | feomea T4 | ST, 3RTY 11800/- | srgamsel, TSR 20219 | RTGHTI
THUer R Bfed | omTd iare 3B 2022
?W T | & o

Rifed

4. | fgor TT | 7.0 11800~ | Sigamsdy, TSR 2021 9 | RTGHTI
TigumieR Afcay | Rifgd @ iare 30T 2022
AT e T o

7. 3IRTY
0T
RTARE B pa ARy 2014401-

TANTRITEAT THTRY: ST o= [Rifed 3R ST 3mRuy I
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