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John J. Craig, Introduction to Robotics: Mechanics and

Control, 4th edition, Pearson, 2017.
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Mark W. Spong Seth Hutchinson M. Vidyasagar, Robot
Modeling and Control, Second Edition, John Wiley &
Sons, 2020.
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Lung-Wen Tsai, Robot Analysis: The Mechanics of Serial
and Parallel Manipulators, John Wiley & Sons, 1999.
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This code provides the forward kinematic solution of the 3R robot
with DH and Screw methods

14 |E®

A

Parameter Definitions

clear all; % Clear workspace
clc; % Clear command window

ESIIVITSRSS

syms thetal theta2 theta3 al a2 a3 real % Symbolic variables for joint angles and link lengths

DH Table:
Problem 3.1 on the book (Table 3.1 is used)
= [a1; a2; a3]; % Link lengths

a
al = [@; @; 8]; % Link twists
d = [0; @; 0]; % Link offsets

N oo

DH(a,alpha,d theta)

9 T1 = DH(a(1), al(1), d(1), thetal); % Transformation matrix for joint 1
10 T2 = DH(a(2), al(2), d(2), theta2); % Transformation matrix for joint 2
1 T3 = DH(a(3), al(3), d(3), theta3); % Transformation matrix for joint 3
12

Calculate compound transformations

{x}

& An Introduction to Robotics, Chapter3.ipynb
File Edit View Insert Runtime Tools Help Changes will not be saved

cO

A% Share €% -&

+ Text # Copy to Drive Connect «

~ An Introduction to Robotics, Chapter 3

By Prof. Hamid D. Taghirad & Mohammad A. Khosravi Copyright ARAS @2023
This code provides the forward kinematic solution of the 3R robot with DH and Screv

methods:

tvesD:

© import sympy as sp

# DH function
def DH(a, alpha, d, theta):

# Construct the Denavit-Hartenberg (DH) transformation matrix

T = sp.Matrix([[sp.cos(theta), -sp.sin(theta) * sp.cos(alpha), sp.sin(
[sp.sin(theta), sp.cos(theta) * sp.cos(alpha), -sp.cos(
[0, sp.sin(alpha), sp.cos(alpha), d],
[e, o, o, 1]1)

return T

# SR function
def SR(s_x, s_y, s_z, S_OX, s_oy, s_oz, theta, t):

# Construct the Screw-based transformation matrix
S = sp.Matrix([

13 T_Final = T1 * simplify(T2 * T3) % Final Homogeneous Transformation
— [(s_x**2 - 1) * (1 - sp.cos(theta)) + 1,
- - * * = = * i
T e " six * sy (1 - sp.cos(theta)) S.i2 sp.s%n(theta),
. . ) s_X * s_z * (1 - sp.cos(theta)) + s_y * sp.sin(theta),
o5+ 04 ol 0 aysin(0y) + sin(0) 63 + cos(0y) &2
" o i o = t * s x - siox* (s.x**2 - 1) * (1 - sp.cos(theta)) - s oy * (s .x
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Lagrange_Elbow.mix DH.mix Matrix_Vpa.mix Matrix_Vpa_Numeric.mix SR.mix Vector_Vpa.mix +

An Introduction to Robotics, By Prof. Hamid D. Taghirad & Mohammad A. Khosravi Copyright ARAS @2023

(o] [

This code provides Dynamics formulation of 3DOF Elbow manipulator

|t

Problems 5.5 and 5.9 (Christoffel Matrix)
Table of Contents

Parameter Definitions
Defining symbolic variables:
Defining parametric variables:
link's center of mass
link's Jacobian matrices
Lagrange Formulation
Mass Matrix
Gravity Vector
Verification
Coriolis and centrifugal vector
Verification

v
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atl

This code Runs the closed loop simulation of 3R manipulator with Inverse Dynamic + PID controller E

Table of Contents

Initializing

Determining the Structure

Solve The Dynamic Equation
Ploting and Exporting the Results

Initializing
clear ;
2 elc 5 et clas
3 tic
Determining the Structure

4 [SP] = Structural_Parameters() ;

Solve The Dynamic Equation

[t,q] = ode23s(@(t,qs) CL Dynamics(t,qs,SP), SP.tspan, ...

[SP.q@ ; SP.qd®; SP.qi@; SP.xi®] ... ¥ initial condition for intergrations

yodeset ('OutputFcn’, "odeplot’, "Outputsel’,[1:3])) ; .
toc

s @

Ploting and Exporting the Results
9 [out]=PlotData(t,q,5P);

Figure 1 displays Figure 6.30 of the book.
-

4 4
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Robotics Course

This course aims to introduce the fundamentals of mechanics and control of robotic manipulators. In this course, a
conceptual and analytic approach is preferred rather than the usual iterative methods being followed in some textbooks.
In order to accomplish that, motion description in space with the emphasis on screw-axis representation is given. Forward
and Inverse kinematics of robotic manipulator is elaborated base on geometrical methods, Differential kinematics is
followed through the definition of twist and wrench, and general Jacobian derivation methods including screw-based
jacobians. Inverse problems, redundancy resolution, and stiffness analysis are explained in this context. For dynamic
analysis, the Lagrange approach is followed, while the properties of dynamic matrices are explained in detail. For the sake
of position control of the robots, linear models for the robots with gearbox is formulated, and identification methods are
explained. then linear and nonlinear control schemes joint-space and task-pace will be introduced.
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