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Classifications of robots

Classifications of Robots

Defining robots is complex. There are many definitions that attempt to
separate a robot from automation. Classifying them is not easy either.
There are many ways to classify robots.
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Classifications of robots

Classifications of Robots

Defining robots is complex. There are many definitions that attempt to
separate a robot from automation. Classifying them is not easy either.
There are many ways to classify robots.

@ Based on robot generation.

@ Depending on Robot Base.

@ Based on Kinematics of mechanical structure.
@ Based on control systems.

@ Based of applications.

Before we proceed, let us make it clear that this classification is very
broad, and we will not cover all robot types under it. Also, some types of
classifications may overlap. For example, an industrial robot can be
classified as a Cartesian robot as well. Or an airborne drone can also be
classified as a defence robot.
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Classifications of Robots based on robot generation.
There are two main generations of robots:
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Classifications of robots

Classifications of Robots based on robot generation.
There are two main generations of robots:
@ The first generation includes the numerically controlled robots that
have no sensing devices to see the environment. This means that
decisions have to be taken by the operator.
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Classifications of robots

Classifications of Robots based on robot generation.
There are two main generations of robots:

@ The first generation includes the numerically controlled robots that
have no sensing devices to see the environment. This means that
decisions have to be taken by the operator.

@ The second generation has been provided with sensing devices capable
of understanding the environment. These sensors give the robot the
capability to complete its task despite changes in the surrounding.

There are two common characteristic properties should be satisfied in
modern robots.

o Versatility, which is the structural potential for performing varied
tasks and performing the same task in different ways.

o Auto-adaptability, which is the potential of the robot to achieve its
objective by itself and to be interactive with it environment.

These characteristics are typical of second generation robots which is the
subject of this course.
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Classifications of Robots Depending on Robot Base.
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Classifications of robots

Classifications of Robots Depending on Robot Base.

1- Fixed-Robots used in manufacturing. They can not move their
base away from the work being done.
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Classifications of robots

Classifications of Robots Depending on Robot Base.

1- Fixed-Robots used in manufacturing. They can not move their
base away from the work being done.

is used in a applications such as Arc Welding, Spot Welding Material
Handling Machine Tending and so on.
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Classifications of robots

Classifications of Robots Depending on Robot Base.
2- Mobile-robot Mobile bases are typically platforms with
wheel,tracks legged attached or swimming and fly robots.
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Classifications of robots

Classifications of Robots Depending on Robot Base.
2- Mobile-robot Mobile bases are typically platforms with
wheel,tracks legged attached or swimming and fly robots.

) o
Shock absorber, h

Ultrasonic sensor:

Legged robots are a type of mobile robot which use articulated limbs, such
as leg mechanisms, to provide locomotion.
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Classifications of Robots Depending on Robot Base (Legged)
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Classifications of robots

Classifications of Robots Depending on Robot Base (Legged)
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Classifications of Robots Based on Kinematics of mechanical
structure.
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Classifications of robots

Classifications of Robots Based on Kinematics of mechanical
structure.

Serial robots or manipulators that takes structure of an open loop chain
are the most common industrial robots and they are designed as a series of

links connected by motor-actuated joints that extend from a base to an
end-effector.
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Classifications of Robots Based on Kinematics of mechanical
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Classifications of robots

Classifications of Robots Based on Kinematics of mechanical

structure.
a parallel manipulator consists of a closed-loop chain, and hybrid
manipulator if it is consists of both open and closed-loop chains.

$~—— Spherical joint

Variable leg length
actuated by a
prismatic joint

Universal joint
(U-joint)
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Classifications of Robots Based on Kinematics of mechanical
structure.
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Classifications of robots

Classifications of Robots Based on Kinematics of mechanical
structure.

They are known as Micro manipulators mounted on the end effector of
larger but slower serial manipulators

e Examples of parallel robot contain serial and parallel links.

Assembly
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Classifications of Robots Based on control systems .
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Classifications of robots

Classifications of Robots Based on control systems .

Robotic control is the system that contributes to the movement of robots.

This involves the mechanical aspects and programmable systems that
makes it possible to control robots.
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Classifications of Robots Based on control systems .

Robotic control is the system that contributes to the movement of robots.
This involves the mechanical aspects and programmable systems that
makes it possible to control robots.

Robotics could be controlled in various ways, which includes using manual
control, wireless control, semi-autonomous (which is a mix of fully
automatic and wireless control), and fully autonomous (which is when it
uses artificial intelligence to move on its own).
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1. Point-to-point (PTP) control robot

The PTP robot is capable of moving from one point to another point.
The locations are recorded in the control memory. PTP robots do not
control the path to get from one point to the next point.
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Classifications of robots

Classifications of Robots Based on control systems .

Robotic control is the system that contributes to the movement of robots.
This involves the mechanical aspects and programmable systems that
makes it possible to control robots.

Robotics could be controlled in various ways, which includes using manual
control, wireless control, semi-autonomous (which is a mix of fully
automatic and wireless control), and fully autonomous (which is when it
uses artificial intelligence to move on its own).

1. Point-to-point (PTP) control robot

The PTP robot is capable of moving from one point to another point.
The locations are recorded in the control memory. PTP robots do not
control the path to get from one point to the next point.

Common applications include:

Component insertion, Spot welding, Hole drilling, Machine loading and
unloading and Assembly operations.
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Classifications of Robots Based on control systems .
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Classifications of Robots Based on control systems .
2. Continuous-path (CP) control robot
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Classifications of robots

Classifications of Robots Based on control systems .

2. Continuous-path (CP) control robot

The CP robot is capable of performing movements along the controlled
path. With CP from one control, the robot can stop at any specified point
along the control path. All the points along the path must be stored

explicitly in the robot’s control memory. Applications Straight-line motion
is the simplest example for this type of robot.
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Classifications of Robots Based on control systems .
3. Controlled-path robot
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Classifications of robots

Classifications of Robots Based on control systems .

3. Controlled-path robot

In controlled-path robots, the control equipment can generate paths of
different geometry such as straight lines, circles, and interpolated curves
with a high degree of accuracy. Good accuracy can be obtained at any
point along the specified path an controlled-path robots have a servo
capability to correct their path.

Robotic Fish by University of Essex, UK
hitp://www.bmt.org/News/?/3/0/510

Other examples from MIT, USA
http://web.mit.edu/towtank/www/Pike/pike.html

mechenggs.blogspot.in
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Classifications of robots

Classifications of Robots based on applications.

One of the most popular way of classifying robots — and one of the

simplest — is by what they actually do. Based on this classification, there

are four broad ways of categorising robots.

Areas of Application

Industrial Applications Exploration Operations Medical Applications

There are four main areas in which robots can be used. These are industrial,

exploration, medical, and social applications
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Classifications of robots

Industrial applications

e Industrial applications:There are certain general economical and

practical conditions in an industrial situation that may require the
installation of robots, such as hazardous or uncomfortable working
conditions, repetitive tasks, difficult handling, and multi-shift

wWelding
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Classifications of robots

Exploration applications

* Exploration operations: For these applications, working
conditions are not suitable for humans. Such applications

include work under water, in outer space, in nuclear power
stations, and in high temperature environments.
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Classifications of robots

Medical applications

e Medical applications:This application includes medical surgery
as well as prostheses, and ortheses necessary for handicapped
persons. Prostheses are the artificial hands and legs while
ortheses are rigid motorized structures placed around appraised
limbs to train their movements.
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Classifications of robots

Social life applications

e Social life applications:Robots are used to enable humans to

avoid undesirable jobs. An interesting example is the use of
robots in sheep shearing in Australia.
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Social life applications(Service robots)
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Classifications of robots

Social life applications(Service robots) with the integration of Al are
used in our daily life like Robot vacuums, Robotic kitchen, Robotic nurses,

Pet robots, Robotic consultants Robot tour guides, Robot managers,
Delivery robots and Diagnostic robots.
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Mathematical modeling of Robots
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Mathematical modeling of Robots

Robots terminology

Mohamed.Saleh

J5 axisO

6 ais

which is used to hold the tools (gripper,
s  Upper am spray gun, welding gun...).
Shaume"_,{: R Base is the link of the manipulator which is

Kinematics — Terminology

i B —— Link is the rigid part of the robot body (e.g.
& 1] !
= p L forearm).

74 Joint is a part of the robot body which

allows controlled or free relative motion
of two links (connection element).

1ads  End effector is the link of the manipulator

usually connected to the ground and is
directly connected to the world coordi-
nate system.

Kinematic pair is a pair of links which rela-
tive motion is bounded by the joint con-
necting them (e.g. base and shoulder
connected by J1 axis).
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The basic specification characteristics of robots vary with application and
working conditions.
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The basic specification characteristics of robots vary with application and
working conditions.
@ Model: The designated number, name or series given by the
manufacturer.
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

@ Model: The designated number, name or series given by the
manufacturer.

@ Load: The maximum load capacity (Kg) that the robot can carry at
its wrist and attached designated arm velocity.
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The basic specification characteristics of robots vary with application and
working conditions.
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manufacturer.
@ Load: The maximum load capacity (Kg) that the robot can carry at
its wrist and attached designated arm velocity.
o Configuration: Refers to the mechanics of the main axes. It may be
cylindrical, spherical, jointed, or Cartesian.
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o Configuration: Refers to the mechanics of the main axes. It may be
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Load: The maximum load capacity (Kg) that the robot can carry at
its wrist and attached designated arm velocity.
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Drive System: Refers to the method of powering the main axes,
other methods may be used for grippers and/or wrist.

Control: Refers to the method of positional control.
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

Model: The designated number, name or series given by the
manufacturer.

Load: The maximum load capacity (Kg) that the robot can carry at
its wrist and attached designated arm velocity.

Configuration: Refers to the mechanics of the main axes. It may be
cylindrical, spherical, jointed, or Cartesian.

Number of Axes: The total number of main and wrist axes available
as standard.

Drive System: Refers to the method of powering the main axes,
other methods may be used for grippers and/or wrist.

Control: Refers to the method of positional control.

Reach: Indicates the maximum reach in the horizontal H, vertical V,
and Lateral L directions.
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The basic specification characteristics of robots vary with application and
working conditions.
«AO> «F)>r «=)r « =) = Q>
~ Mohamed.Saleh (@bhitbuedueg) ~ Introduction to Robotics ~ MI1596  Spring 2023  23/32



Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

@ Tool velocity: The maximum speed of the robot's tool under the
specified load.
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

@ Tool velocity: The maximum speed of the robot's tool under the
specified load.

@ Memory Size: The number of positional points or action steps that
can be stored in standard memory.
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.
@ Tool velocity: The maximum speed of the robot's tool under the
specified load.
@ Memory Size: The number of positional points or action steps that
can be stored in standard memory.

@ Robot Precision: This includes 3 factors in a robot: resolution,
accuracy, and Repeatability. Many robot specification sheets show
only the repeatability.
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

@ Tool velocity: The maximum speed of the robot's tool under the
specified load.

@ Memory Size: The number of positional points or action steps that
can be stored in standard memory.

@ Robot Precision: This includes 3 factors in a robot: resolution,
accuracy, and Repeatability. Many robot specification sheets show
only the repeatability.

e Resolution: This is the smallest increment of motion at the wrist that
can be controlled by the robot. The resolution of a robot manipulator
is the smallest distance between the initial configuration A and the
programmed configuration B
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

@ Tool velocity: The maximum speed of the robot's tool under the
specified load.

@ Memory Size: The number of positional points or action steps that
can be stored in standard memory.

@ Robot Precision: This includes 3 factors in a robot: resolution,
accuracy, and Repeatability. Many robot specification sheets show
only the repeatability.

e Resolution: This is the smallest increment of motion at the wrist that
can be controlled by the robot. The resolution of a robot manipulator
is the smallest distance between the initial configuration A and the
programmed configuration B

e Accuracy: The capability of the computer controlled robot to position
its end effector at a given target point within its working space.
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Mathematical modeling of Robots

The basic specification characteristics of robots vary with application and
working conditions.

@ Tool velocity: The maximum speed of the robot's tool under the
specified load.

o Memory Size: The number of positional points or action steps that
can be stored in standard memory.

@ Robot Precision: This includes 3 factors in a robot: resolution,
accuracy, and Repeatability. Many robot specification sheets show
only the repeatability.

e Resolution: This is the smallest increment of motion at the wrist that
can be controlled by the robot. The resolution of a robot manipulator
is the smallest distance between the initial configuration A and the
programmed configuration B

e Accuracy: The capability of the computer controlled robot to position
its end effector at a given target point within its working space.

o Repeatability represents the ability of the manipulator to return
repeatedly to the same location (previously target point).
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Manipulators consist of nearly rigid links, which are connected by joints
that allow relative motion of neighboring links within specific area.




Developing good skiff is concerning the description of position and

rotation of rigid bodies is highly useful even in fields outside of robotics.
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Mathematical modeling of Robots

Developing good skiff is concerning the description of position and
rotation of rigid bodies is highly useful even in fields outside of robotics.
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Modern mathematical modeling

Over the last two decades, the dynamic modeling of mechanical systems
has been recognized as a key aid in the analysis, design, optimization,
control, and simulation of mechanical systems and manipulators.
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Modern mathematical modeling

Over the last two decades, the dynamic modeling of mechanical systems
has been recognized as a key aid in the analysis, design, optimization,
control, and simulation of mechanical systems and manipulators.

The main types of mathematical modeling technics

@ In order to study the dynamics of a system it is necessary to
understand the formulation system equations of motion and its
components. The mathematical modeling procedures, starting from
initial idea till reach the theoretical optimum design.
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control, and simulation of mechanical systems and manipulators.

The main types of mathematical modeling technics

@ In order to study the dynamics of a system it is necessary to
understand the formulation system equations of motion and its
components. The mathematical modeling procedures, starting from
initial idea till reach the theoretical optimum design.

@ Several general-purpose computer programs exist, which allow
engineers to model complex mechanical systems and to evaluate the

dynamic characteristics of potential designs before building of
prototypes . This reduces cost and lead time in designs.
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Modern mathematical modeling

Over the last two decades, the dynamic modeling of mechanical systems
has been recognized as a key aid in the analysis, design, optimization,
control, and simulation of mechanical systems and manipulators.

The main types of mathematical modeling technics

@ In order to study the dynamics of a system it is necessary to
understand the formulation system equations of motion and its
components. The mathematical modeling procedures, starting from
initial idea till reach the theoretical optimum design.

@ Several general-purpose computer programs exist, which allow
engineers to model complex mechanical systems and to evaluate the

dynamic characteristics of potential designs before building of
prototypes . This reduces cost and lead time in designs.

e Traditional system dynamics.
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Modern mathematical modeling

Over the last two decades, the dynamic modeling of mechanical systems
has been recognized as a key aid in the analysis, design, optimization,
control, and simulation of mechanical systems and manipulators.

The main types of mathematical modeling technics

@ In order to study the dynamics of a system it is necessary to
understand the formulation system equations of motion and its
components. The mathematical modeling procedures, starting from
initial idea till reach the theoretical optimum design.

@ Several general-purpose computer programs exist, which allow
engineers to model complex mechanical systems and to evaluate the

dynamic characteristics of potential designs before building of
prototypes . This reduces cost and lead time in designs.

e Traditional system dynamics.
e Finite element analysis.
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Modern mathematical modeling

Over the last two decades, the dynamic modeling of mechanical systems
has been recognized as a key aid in the analysis, design, optimization,
control, and simulation of mechanical systems and manipulators.

The main types of mathematical modeling technics

@ In order to study the dynamics of a system it is necessary to
understand the formulation system equations of motion and its
components. The mathematical modeling procedures, starting from
initial idea till reach the theoretical optimum design.

@ Several general-purpose computer programs exist, which allow
engineers to model complex mechanical systems and to evaluate the

dynamic characteristics of potential designs before building of
prototypes . This reduces cost and lead time in designs.

e Traditional system dynamics.
e Finite element analysis.
e Multibody system dynamics.
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Modern mathematical modeling

The integration of recent advances in system dynamics including
nonlinearities, vibration analysis, and mathematical modeling with current

design methodologies are obtain efficient design cycle in terms of improved
system reliability.
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Modern mathematical modeling

The integration of recent advances in system dynamics including
nonlinearities, vibration analysis, and mathematical modeling with current

design methodologies are obtain efficient design cycle in terms of improved
system reliability.
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Modern mathematical modeling applications

Published Papers for modeling
complex mechanical system

Wallin, Michael, et al. " Evaluation of
the accuracy of the rigid body
approach in the prediction of the
dynamic stresses of complex
multibody systems.” International
journal of vehicle performance
(2016).

Ebrahimi, Mehran, et al. " Design
optimization of dynamic flexible
multibody systems using the discrete
adjoint variable method.” Computers
and Structures (2019).
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Modern mathematical modeling applications

Sergio Savino, et al. " A mechanical hand for prosthetic applications:
multibody model and contact simulation.” Proceedings of the Institution of
Mechanical Engineers, Part H: Journal of Engineering in Medicine (2018).

D, (1)

~

Zanoni Alart, et al. "Multibody dynamics analysis of the human upper

body for rotor craft—pilot interaction.” Nonlinear Dynamics 102,
1517-1539 (2020).
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Robotics Homework 1

Invert pendulum test rig

1] 1 12

B: Rotary Flexible Joint

i
T
L B . ala —y PV —
‘: in Compoaent mn Component
o 0
1 Al Tachometer B.7  Load shaft
]
20 AZ DCmolor B.Y  Rotary support
'
1+ A} Gearbox B.Y%  Angle encoder

t A4 Angleencoder B0 Rotary shaft
- AG Basemodule Bl Flexible spring
‘A SRVO2-Rotary Motion Servo Plant | A6 Speed reducer B2 Rotary arm
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Write report to analyze invert pendulum system
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Write report to analyze invert pendulum system
of robot systems.

@ lllustrate the common types of commercial software used in analysis
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Robotics Homework 1

Write report to analyze invert pendulum system
@ lllustrate the common types of commercial software used in analysis
of robot systems.
@ Drive the mathematical model of invert pendulum system (system
dynamic course).
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Robotics Homework 1

Write report to analyze invert pendulum system
@ lllustrate the common types of commercial software used in analysis
of robot systems.
@ Drive the mathematical model of invert pendulum system (system
dynamic course).
@ Solve the system equations of motion to control the invert pendulum
system (Control Subject).
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Robotics Homework 1

Write report to analyze invert pendulum system

@ lllustrate the common types of commercial software used in analysis
of robot systems.

@ Drive the mathematical model of invert pendulum system (system
dynamic course).

@ Solve the system equations of motion to control the invert pendulum
system (Control Subject).

@ Include all references (websites, .. .)
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Robotics Homework 1

Write report to analyze invert pendulum system

@ lllustrate the common types of commercial software used in analysis
of robot systems.

@ Drive the mathematical model of invert pendulum system (system
dynamic course).

@ Solve the system equations of motion to control the invert pendulum
system (Control Subject).

@ Include all references (websites, .. .)
@ Your report should be 6 to 8 pages.
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Robotics Homework 1

Write report to analyze invert pendulum system

@ lllustrate the common types of commercial software used in analysis
of robot systems.

@ Drive the mathematical model of invert pendulum system (system
dynamic course).

@ Solve the system equations of motion to control the invert pendulum
system (Control Subject).

@ Include all references (websites, .. .)
@ Your report should be 6 to 8 pages.

(No cut and paste from web)
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Thank You for Attention !!

Any Questions .




