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ITEST: Outline and objective of the program

Content:

• History of robotics

• Components of a robot

• TASK/ACTIVITY: Introduction to robots of 

MCRL NYU



• Conceptual and practical learning of basic robotics

• Arduino platform to program the robots

• Building a mobile robot with VEX EDR robotics kit

BRIEF OUTLINE OF ITEST PROGRAM

New Lesson - Photos

Arduino UNO
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https://giphy.com/explore/arduino
https://pros.cs.purdue.edu/cortex/tutorials/clawbot.html


OVERVIEW: ITEST SESSIONS

New Lesson - PhotosLesson Topic

1 Introduction to Robotics

2 Robots in the industry

3 Basic Concepts of Physics and study of Robot Chassis Construction

4 Basic electronics

5 Introduction to Arduino

6 Actuators

7 Robot dynamics

8 Programming in Arduino
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Lessons Topic

9 Drive mechanism

10 3D printing and Makerspace

11 CAD Modelling and 3D printing

12 Advanced Arduino programming I

13 Advanced Arduino programming II

14 Advanced Arduino programming III

15 Sensors

16 Robot links and joints

17 Robot grippers

18 Robotics Challenge – Line follower robot

OVERVIEW: ITEST SESSIONS
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New Lesson - Photos• Formulating robotics activities in a PBL

(Project Based Learning) framework

• Integration of PBL with entrepreneurship

• Deepen teachers’ Technological,

Pedagogical and Content Knowledge

(TPACK)

• Use robotics to expose participants to

techniques and models of engineering

design

OBJECTIVE OF THE PROGRAM
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FUNDAMENTALS OF ROBOTS

New Lesson - PhotosRobot term origin:

Definition from Robot Institute of America (RIA):

The term “robot” originated from a 1921

Czech play “Rossum’s Universal Robots”

(from Czech “robota: work”) by Karel Čapek

“A robot is a reprogrammable, multifunctional manipulator designed to move

material, parts, tools, or specialized devices through variable programmed motions

for the performance of a variety of tasks.”

Origin of robot
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https://www.servercake.blog/origin-word-robot/


• The Three Laws of Robotics, were developed by

science-fiction writer Isaac Asimov, who sought

to create an ethical system for humans and robots

• In his short story "Runaround" he coined the term

“Robota” referring to an artificial human

• Asimov also added a fourth, or zeroth law, to

precede the others

LAWS OF ROBOTICS

Source
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FIRST LAW OF ROBOTICS

New Lesson - Photos
Law One: A robot may not injure a human being, or, through inaction, allow a
human being to come to harm, unless this would violate a higher order law.

Law One of Robotics
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https://www.elkoinc.com/3-laws-of-robotics
https://www.elkoinc.com/3-laws-of-robotics
https://www.google.com/imgres?imgurl=https%3A%2F%2Fcdn-japantimes.com%2Fwp-content%2Fuploads%2F2019%2F03%2Fp7-jones-robots-b-20190307.jpg&imgrefurl=https%3A%2F%2Fwww.japantimes.co.jp%2Fcommunity%2F2019%2F03%2F06%2Fissues%2Frobot-rights-asimov-tezuka&tbnid=qijEF8frw3BrpM&vet=12ahUKEwjZk76hoLL4AhW_s3IEHRx1CoAQMygDegUIARDlAQ..i&docid=wsLyvmheAjdbFM&w=2000&h=1027&itg=1&q=laws%20of%20robotics&ved=2ahUKEwjZk76hoLL4AhW_s3IEHRx1CoAQMygDegUIARDlAQ


SECOND LAW OF ROBOTICS

New Lesson - PhotosLaw Two: A robot must obey the orders given it by human beings except where
such orders would conflict with the First Law.

Law Two of Robotics
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New Lesson - Photos

THIRD LAW OF ROBOTICS

Law Three of Robotics

Law Three: A robot must protect its own existence as long as such protection
does not conflict with the First or Second Law.
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ZEROTH LAW OF ROBOTICS

New Lesson - Photos
Zeroth Law: A robot may not injure humanity, or, through inaction, allow
humanity to come to harm.
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fstatic.tvtropes.org%2Fpmwiki%2Fpub%2Fimages%2Fthree_laws_compliant_9.png&imgrefurl=https%3A%2F%2Ftvtropes.org%2Fpmwiki%2Fpmwiki.php%2FMain%2FThreeLawsCompliant&tbnid=_9af8pbvpF1TlM&vet=12ahUKEwjZk76hoLL4AhW_s3IEHRx1CoAQMygbegUIARCdAg..i&docid=iVa1SoabTrr1PM&w=350&h=155&q=laws%20of%20robotics&ved=2ahUKEwjZk76hoLL4AhW_s3IEHRx1CoAQMygbegUIARCdAg


ACTIVITY - 1

• Have you ever come across a robot in your

life?

• If yes, what kind of robot have you

encountered?

• What was your involvement with it?

• Have you been a part of any robotics

activity before?

• If yes, what did you learn from it?

Source
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HISTORY OF ROBOTICS

New Lesson - PhotosThe first industrial robot: UNIMATE

• The first programmable robot was designed by

George Devol, who coined the term Universal

Automation later shortened to Unimation, which

becomes the name of the first robot company

(1962)

• The first UNIMATE robot was installed at GM's

Inland Fisher Guide Plant in Ewing Township, New

Jersey

NOTE: UNIMATE originally automated the

manufacture of TV picture tubes

UNIMATE robot

Source
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http://engineering.nyu.edu/mechatronics/smart/Archive/intro_to_rob/Intro2Robotics.pdf


New Lesson - Photos

In 1978: The PUMA (Programmable

Universal Machine for Assembly) robot was

developed by Unimation with support of

General Motors design.

• Used since 1978 to assemble

automobile subcomponents such as

dash panels and lights

PUMA 560 Manipulator

15
Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19

HISTORY OF ROBOTICS

https://makeagif.com/gif/puma-560-robot-arm-simulation-in-webots-COMNV4


• Many institutions introduce programs and courses in robotics

• Robotics courses are spread across mechanical engineering, electrical

engineering, and computer science departments

1980s: The robot industry entered a phase of rapid growth. Robotics has come a long

way, from being a story to a reality

Humanoid robot SophiaIntroduction of term ROBOT as an artificial human in 1921
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HISTORY OF ROBOTICS

https://in.pinterest.com/pin/1102748658728276966/
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.sciencefriday.com%2Fwp-content%2Fuploads%2F2011%2F04%2FCapek_play.jpg&imgrefurl=https%3A%2F%2Fwww.sciencefriday.com%2Fsegments%2Fthe-origin-of-the-word-robot%2F&tbnid=_TCLtq6JVv6P8M&vet=12ahUKEwjln_3JobL4AhXSn3IEHbDlARoQMygAegUIARC5AQ..i&docid=RexNPwdXipmEHM&w=566&h=316&q=origin%20of%20word%20robot&ved=2ahUKEwjln_3JobL4AhXSn3IEHbDlARoQMygAegUIARC5AQ


New Lesson - Photos

Adept's SCARA robot Cognex In-Sight robot Barrett technology manipulator

1995 - present:

Emerging applications in small robotics and mobile robots have driven a second

growth of start-up companies and research.
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HISTORY OF ROBOTICS

https://www.google.com/imgres?imgurl=https%3A%2F%2Fd2t1xqejof9utc.cloudfront.net%2Fscreenshots%2Fpics%2F07997974db7a49565663b3bf3b0d52ac%2Flarge.gif&imgrefurl=https%3A%2F%2Fgrabcad.com%2Flibrary%2Fscara-2-1&tbnid=agVO4eF13o4aHM&vet=12ahUKEwjLjZ297Kb4AhV5s3IEHdwnDaoQMygvegUIARDHAg..i&docid=f7Uxrhhvx3KQBM&w=960&h=540&q=adept%20scara%20robot%20gif&ved=2ahUKEwjLjZ297Kb4AhV5s3IEHdwnDaoQMygvegUIARDHAg
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.universal-robots.com%2Fmedia%2F1806340%2Fgallery-picture2.jpg%3Fwidth%3D600%26height%3D650%26mode%3Dcrop&imgrefurl=https%3A%2F%2Fwww.universal-robots.com%2Fplus%2Fproducts%2Fcognex%2Fcognex-in-sight-2d-robot-guidance%2F&tbnid=HmBtNdOW2np7uM&vet=12ahUKEwiyjsWLorL4AhWqsHIEHWdLCaUQMygAegUIARC5AQ..i&docid=maXQ0bXE890ObM&w=600&h=650&q=cognex%20insight%20robot&ved=2ahUKEwiyjsWLorL4AhWqsHIEHWdLCaUQMygAegUIARC5AQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.emerald.com%2Finsight%2Fproxy%2Fimg%3Flink%3Dresource%2Fid%2Furn%3Aemeraldgroup.com%3Aasset%3Aid%3Aarticle%3A10_1108_IR-05-2016-0148%2Furn%3Aemeraldgroup.com%3Aasset%3Aid%3Abinary%3AIR-05-2016-014807.tif&imgrefurl=https%3A%2F%2Fwww.emerald.com%2Finsight%2Fcontent%2Fdoi%2F10.1108%2FIR-05-2016-0148%2Ffull%2Fhtml&tbnid=A0BK1W9Jt8OQHM&vet=12ahUKEwiGhuucorL4AhVnrXIEHf_XBu8QMyhRegUIARCAAQ..i&docid=tUmbFnmR9y-h4M&w=974&h=1123&q=barett%20technology%20manipulator&ved=2ahUKEwiGhuucorL4AhVnrXIEHf_XBu8QMyhRegUIARCAAQ


COMPONENTS OF A ROBOT
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fi0.wp.com%2Frandomnerdtutorials.com%2Fwp-content%2Fuploads%2F2013%2F11%2FHow-ultrasonic-sensor-works.jpg%3Fw%3D700%26ssl%3D1&imgrefurl=https%3A%2F%2Fwww.seeedstudio.com%2Fblog%2F2019%2F11%2F04%2Fhc-sr04-features-arduino-raspberrypi-guide%2F&tbnid=eIfB9ytmGWyKeM&vet=12ahUKEwiNu-THorL4AhUUtXIEHfjVCkYQMygCegUIARDcAQ..i&docid=Wn7l8vmD8IG3jM&w=700&h=470&q=ping%20sensor%20working&ved=2ahUKEwiNu-THorL4AhUUtXIEHfjVCkYQMygCegUIARDcAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.digikey.com%2F-%2Fmedia%2FMakerIO%2FImages%2Fblogs%2F2018%2FIntroduction%2520to%2520the%2520Arduino%2520IDE%2FFig-1.jpg%3Fts%3D315650fd-8294-4e6e-86bb-1151c1232697%26la%3Den-US&imgrefurl=https%3A%2F%2Fwww.digikey.com%2Fen%2Fmaker%2Fblogs%2F2018%2Fintroduction-to-the-arduino-ide&tbnid=MHjbCbAc7zO1XM&vet=12ahUKEwizy9DzorL4AhWIo3IEHUFEDsEQMygEegUIARDdAQ..i&docid=aVjun8i3sc3_vM&w=577&h=688&q=arduino%20ide&ved=2ahUKEwizy9DzorL4AhWIo3IEHUFEDsEQMygEegUIARDdAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.thomsonlinear.com%2Fds_images%2Fimages_relaunch%2FSMLA_600x440.png&imgrefurl=https%3A%2F%2Fwww.thomsonlinear.com%2Fen%2Fproducts&tbnid=Zzs1god4GrTOdM&vet=12ahUKEwi9pOrqpLL4AhWrqXIEHZsIDnMQMygSegUIARDOAg..i&docid=Mn_QNbjIMk9pzM&w=600&h=440&q=thomson%20linear%20actuator&ved=2ahUKEwi9pOrqpLL4AhWrqXIEHZsIDnMQMygSegUIARDOAg
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.designworldonline.com%2Fwp-content%2Fuploads%2FElmo-Motion-Control-new-Platinum-Safe-Servo-Drives-boost-servosystem-performance-2020-scaled.jpg&imgrefurl=https%3A%2F%2Fwww.designworldonline.com%2Felmo-motion-controls-new-platinum-safe-servo-drives-boost-servosystem-performance%2F&tbnid=jlcyMrJ4ANcPyM&vet=12ahUKEwiS1MKWpLL4AhW4s3IEHZMODBsQMygAegQIARAd..i&docid=5ciXCHsEhw2PyM&w=2560&h=1384&q=controllers%20for%20a%20robot%20elmo%20design%20world%20online&hl=en&ved=2ahUKEwiS1MKWpLL4AhW4s3IEHZMODBsQMygAegQIARAd
https://www.google.com/imgres?imgurl=https%3A%2F%2Fclearpathrobotics.com%2Fwp-content%2Fuploads%2F2015%2F08%2Fhusky-manipulation-pack.jpg&imgrefurl=https%3A%2F%2Fclearpathrobotics.com%2Fhusky-unmanned-ground-vehicle-robot%2F&tbnid=1OyJT40IWZyINM&vet=12ahUKEwjPq8aHo7L4AhXPs3IEHaReCzEQMyhhegUIARCpAQ..i&docid=QfO_mXmj9ExyhM&w=510&h=440&q=manipulator%20and%20base%20wheeled%20robot&ved=2ahUKEwjPq8aHo7L4AhXPs3IEHaReCzEQMyhhegUIARCpAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.generationrobots.com%2Fimg%2Fc%2F307-medium_default.jpg&imgrefurl=https%3A%2F%2Fwww.generationrobots.com%2Fen%2F226-power-supply&tbnid=7A2gkbvldUGDOM&vet=12ahUKEwjg6PONtLL4AhWkr3IEHYh0B_gQMygIegUIARCOAg..i&docid=mVcQMi5g_SBbJM&w=470&h=470&q=power%20source%20to%20a%20robot&ved=2ahUKEwjg6PONtLL4AhWkr3IEHYh0B_gQMygIegUIARCOAg


SENSORS

• Robots often need beyond 5 human

senses (e.g., night vision, detect

tiny amounts of invisible radiation,

measure small and fast movement)

Ultrasonic sensor Flexiforce sensor

• Robot sensors: Measure robot

configuration/condition and its

environment and send it to robot

controller as electronic signals (e.g.,

position, pressure, presence of toxic

gas)
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https://www.google.com/imgres?imgurl=https%3A%2F%2Faws1.discourse-cdn.com%2Fbusiness7%2Fuploads%2Fparticle%2Foriginal%2F3X%2F7%2F7%2F77503ca520358eb11ae50c359e921db76102792a.jpeg&imgrefurl=https%3A%2F%2Fcommunity.particle.io%2Ft%2Fsensor-recommendation%2F55689&tbnid=Tl-w70MR0jlumM&vet=12ahUKEwjrsp_8pLL4AhXvrHIEHQFICroQMygPegUIARDJAg..i&docid=x2D0kWgufM4mEM&w=500&h=500&q=ultrasonic%20sensor&ved=2ahUKEwjrsp_8pLL4AhXvrHIEHQFICroQMygPegUIARDJAg
https://www.google.com/imgres?imgurl=https%3A%2F%2Fimages.tokopedia.net%2Fimg%2Fcache%2F500-square%2Fproduct-1%2F2015%2F12%2F27%2F6622900%2F6622900_cbc0b740-6d10-400d-beb4-091d7a6bccaf.jpg&imgrefurl=https%3A%2F%2Fwww.tokopedia.com%2Fitelectro%2Fflexiforce-sensor-100lb&tbnid=XdwQ9R6v7Ra_kM&vet=10CB4QMyjdAWoXChMI0LyelqWy-AIVAAAAAB0AAAAAEAQ..i&docid=ngYdu9dQQ-sWBM&w=500&h=500&itg=1&q=flexiforce%20sensor&ved=0CB4QMyjdAWoXChMI0LyelqWy-AIVAAAAAB0AAAAAEAQ


ACTUATORS

Pneumatic motor

DC motor
Servo motor

Stepper motor
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Actuators

• Actuator: A device that produces a motion by converting energy and signals going into the 
system to motion

• The motion it produces can be either rotary or linear
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fm.media-amazon.com%2Fimages%2FI%2F61Q8kZ-ERZL._AC_SY355_.jpg&imgrefurl=https%3A%2F%2Fwww.amazon.com%2FStepper-Motor-Bipolar-64oz-Printer%2Fdp%2FB00PNEQI7W&tbnid=jRRh7h8hBXT3rM&vet=12ahUKEwip9-DFqLL4AhWfn3IEHWP3BPEQMygHegUIARDcAg..i&docid=PC7se4qCLSN29M&w=357&h=355&q=stepper%20motor&ved=2ahUKEwip9-DFqLL4AhWfn3IEHWP3BPEQMygHegUIARDcAg


CONTROLLERS

• Controller is the "brain" of the robots

• Provide necessary intelligence to control the manipulator/mobile robot

• Process the sensory information and compute the control commands for the

actuators to carry out specified tasks

Arduino UNO
ARM cortex

Raspberry Pi 4
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fcdn.shoplightspeed.com%2Fshops%2F642375%2Ffiles%2F29464252%2F350x350x2%2Farduino-uno-r3-development-board.jpg&imgrefurl=https%3A%2F%2Fwww.controlvoltage.net%2Farduino-arduino-uno-r3-development-board.html&tbnid=VQDXFUVpto5w8M&vet=12ahUKEwiflvSlp7L4AhUIrXIEHZOfAPYQMygHegUIARCuAg..i&docid=i8DEWbDfSQ63SM&w=350&h=350&q=arduino%20uno&ved=2ahUKEwiflvSlp7L4AhUIrXIEHZOfAPYQMygHegUIARCuAg
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fa%2Faf%2FMbed_RapidPrototypingBoard_with_NXP_LPC1768%2528ARM_Cortex-M3%2529_MCU.jpg&imgrefurl=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3AMbed_RapidPrototypingBoard_with_NXP_LPC1768(ARM_Cortex-M3)_MCU.jpg&tbnid=X8ieT03Rc97-iM&vet=10CJsBEDMorAFqFwoTCMjsrNWnsvgCFQAAAAAdAAAAABAE..i&docid=BHmeofrK7_SO5M&w=834&h=1672&q=arm%20cortex%20nxp&ved=0CJsBEDMorAFqFwoTCMjsrNWnsvgCFQAAAAAdAAAAABAE
https://www.direnc.net/raspberry-pi-4-model-b-2-gb-en


New Lesson - Photos• Showcasing the lab robots (45 min) of NYU MCRL lab

ACTIVITY

NYU MCRL lab 
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http://engineering.nyu.edu/mechatronics/videos/index.html
http://engineering.nyu.edu/mechatronics/videos/index.html


Thank You!

Questions and Feedback?

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, July 2017-19

Mechatronics, Controls, and Robotics Laboratory, Department of Mechanical and Aerospace Engineering, NYU Tandon School of Engineering


