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Robot of the Day

Reachy 2 by Pollen Robotics

3. Get the grocery list
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Today’s Agenda

Introduction to Robots

* Type of Robots
* by Concepts / Applications / Kinematics

e Detfine Robots

e Sense, Plan, and Act

e The Human Side

e Collaboration and Social Characteristics
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Which one do you like the most, and Why?




If you don’t know what 1t 1s, start by classifying it.

Types

* It’s not easy to categorize them either.
* Each robot has its own unique features
* Robots vary hugely in size, shape, and capabilities
 Still, many robots share a variety of features

* A General Classification by Concepts
* A Utility Classification by Applications
* A Technical Classification by Kinematics



Classification by Concepts (https://robots.ieee.org)

A Library of Robots
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Reachy Mini CONSUMER Atlas HUMANOIDS RESEARCH Reachy 2 RESEARCH Miroka HUHANOIDS

DRONES

DEX-EE RESEARCH Unitree G1 HUHANOTDS Unitree H1 HUMANOTDS Unitree Go2 RESEARCH Flapper Nimble+

Furby CONSUMER Proteus INDUSTRIAL Farmonacci INDUSTRIAL Optimus (Tesla Bot) HUMANOIDS Guardian XO EXOSHELETONS


https://robots.ieee.org/robots/

Classification by Applications

Types of Robots

Designed with familar concepts to your daily lives

Humanoids: Thisis probably the type of robot that most people think of when Entertainment: These robots are designed to evoke an emotional response

they think of a robot. Examples of humanoid robots include Honda's Asimo, which and make us laugh or feel surprise or in awe. Among them are robot comedian
has a mechanical appearance, and also androids like the Geminoid series, which are  RoboThespian, Disney's theme park robots like Navi Shaman, and musically inclined
designed to look like people. bots like Partner.

Consumer: Consumer robots are robots you can buy and use just for fun or to Education: This broad category is aimed at the next generation of roboticists, for
help you with tasks and chores. Examples are the robot dog Aibo, the Roomba use at home or in classrooms. It includes hands-on programmable sets from Lego,
vacuum, Al-powered robot assistants, and a growing variety of robotic toys and kits. 3D printers with lesson plans, and even teacher robots like EMYS.
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Types of Robots

Designed with advanced modes of mobility

Drones: Also called unmanned aerial vehicles, drones come in different sizes and Telepresence: Telepresence robots allow you to be present at a place without

have different levels of autonomy. Examples include DJI's popular Phantom series actually going there. You log on to a robot avatar via the internet and drive it around,
and Parrot's Anafi, as well as military systems like Global Hawk, used for long- seeing what it sees, and talking with people. Workers can use it to collaborate with
duration surveillance. colleagues at a distant office, and doctors can use it to check on patients.

Self-Driving Cars: Many robots can drive themselves around, and an Exoskeletons: Robotic exoskeletons can be used for physical rehabilitation and
increasing number of them can now drive you around. Early autonomous vehicles for enabling a paralyzed patient walk again. Some have industrial or military
include the ones built for DARPA's autonomous-vehicle competitions and also applications, by giving the wearer added mobility, endurance, or capacity to carry

Google's pioneering self-driving Toyota Prius, later spun out to form Waymo. heavy loads.
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Types of Robots

Designed for applications in specialized environment

Industrial: The traditional industrial robot consists of a manipulator arm designed Medical: Medical and health-care robots include systems such as the da Vinci
to perform repetitive tasks. An example is the Unimate, the grandfather of all factory ~ surgical robot and bionic prostheses, as well as robotic exoskeletons. A system that
robots. This category includes also systems like Amazon's warehouse robots and may fit in this category but is not a robot is Watson, the IBM question-answering
collaborative factory robots that can operate alongside human workers. supercomputer, which has been used in healthcare applications.

dﬁf’

Underwater: The favorite place for these robots is in the water. They consist of Disaster Response: These robots perform dangerous jobs like searching for

deep-sea submersibles like Aquanaut, diving humanoids like Ocean One, and bio- survivors in the aftermath of an emergency. For example, after an earthquake and
inspired systems like the ACM-R5H snakebot. tsunami struck Japan in 2011, Packbots were used to inspect damage at the
Fukushima Daiichi nuclear power station.
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Types of Robots

Designed for applications in specialized environment

Aerospace: This is a broad category. It includes all sorts of flying robots—the
SmartBird robotic seagull and the Raven surveillance drone, for example—but also
robots that can operate in space, such as Mars rovers and NASA's Robonaut, the
humanoid that flew to the International Space Station and is now back on Earth.

Military & Security: Military robots include ground systems like Endeavor Research: The vast majority of today's robots are born in universities and

Robotics' PackBot, used in Irag and Afghanistan to scout for improvised explosive corporate research labs. Though these robots may be able to do useful things,
devices, and BigDog, designed to assist troops in carrying heavy gear. Security they're primarily intended to help researchers do, well, research. So although some

robots include autonomous mobile systems such as Cobalt. robots may fit other categories described here, they can also be called research
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Common Designs of Robot (@ Work

ylindrical

olar and more




Classification by Kinematics

The manipulator connects to the base with a twisting joint.

° L]
* A rotary axis connects the links in the manipulator.
1 Cu a e O O *  Each axis provides an additional degree of freedom, or

range of motion.

Features a rotary axis and can range from simple three-axis structures to 10 or more joints
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Cartesian Robot

Also called rectilinear or gantry robots

Cartesian robots have three linear axes that use the Cartesian
coordinate system (X, y and z).

They may have an attached axis that enables rotational
movement.

Three prismatic joints facilitate linear motion along the axis.
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SCARA

Selective Compliance Assembly Robot Arm

High performance and flexibility

Minimal footprint

This selectively compliant manipulator for robotic
assembly is primarily cylindrical in design.

It features two parallel axes that provide compliance in
one selected plane.



Classification by Kinematics

3 axes for the parallelograms; 1~3 axes for the end effector
D e ta RO Ot Delicate, precise movements in a dome-shaped work area

Heavily used in food, pharmaceutical and electronic industries
Jointed parallelograms connected to a common base
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What makes a robot?

¥

* Arobot 1s an autonomous machine capable of
* sensing its environment,
* carrying out computations to make decisions, and
* performing actions in the real world.

Think of the Roomba robotic vacuum.
It uses sensors to autonomously drive
around a room, going around furniture
and avoiding stairs; 1t carries out
computations to make sure it covers the
entire room and when deciding if a spot
needs a more thorough cleaning; and it
performs an action by “sucking dirt.”

It senses how fast the vehicle is going, compares it
to a preset speed, and accelerates or brakes as
needed. Is cruise control a robot?

Question: What about an elevator?

What about cruise control for cars?



Define Robots

More on the notion of autonomy

1 DECISION AUTHORITY

MANUAL SHARED AUTONOMOUS
A human decides Human and robot The robot decides
and performs all divide decision- and acts without
actions. making and required human
execution. intervention.

MORE HUMAN AUTHORITY MORE ROBOT AUTHORITY
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More on the notion of autonomy

2 FEEDBACK USE

OPEN-LOOP Pre-programmed decisions; feedback is
CONTROL not used

COMMAND mm)  ROBOT mm) ENVIRONMENT

2 S
NO FEEDBACK PATH

CLOSED-LOOP Feedback can adapt decisions and
CONTROL actions

DECISION mm) ROBOT mm)  ENVIRONMENT

1 4

SENSORY FEEDBACK
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Sensing for Structured Perception

* Perception is the organization, identification, and
interpretation of sensory information 1n order to represent
and understand the interactions or environment.

doi: 10.3389/fnbot.2020.576846

Microsoft Kinect® Sony D-Link DCS-5222L®

;_ = = Physical
Intel Realsense® — i § Environment
SIC :

CM P-KC1®

¥

Sensory
Perception

" N\ = a4 ‘
Sﬁ% Sharp .
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Lasé ® e Data

3Dio Free Space Pro II®




Define Robots

22

Tactile Perception

Friction Texture

Adhesive

Comparison of
4 materials

Compliance

Thermal
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Visual Perception

Ground Truth




Define Robots

Computing for Algorithmic Rationality

* An algorithm 1s a finite sequence of rigorous instructions,
typically used to solve a class of specific problems or to
perform a computation.

* An agent (or robot) i1s an entity that
perceives and acts.
* Intelligence 1s concerned mainly

C@g@ﬂi— Sensors e

Percepts

. : : Robots

with rational action ‘
=
* Ideally, an intelligent agent takes the =
: A L ‘) 3
best possible action in a situation. . =
a
=

* Arational agent selects actions that
maximize its (expected) utility. \

Actions
Actuators o=

* Characteristics of the percepts, k
environment, and action space dictate
techniques for selecting rational actions.
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Frontier models for robot decisions

Model family

Vision—-language
models (VLMs)

Current examples

Gemini Robotics ER 2

Role in a robot

Interpret scenes and goals.
Plan steps and check progress.

Vision—language—action
models (VLAS)

Gemini Robotics 2
n0.7
Isaac GROOT N1.7

Use vision, instructions and
robot state to generate actions.

World models

NVIDIA Cosmos 3

Predict possible futures and
generate training scenarios.




Define Robots

Cloud and edge computing for robots

CLOUD / DATA CENTER

EDGE / ON THE ROBOT

NVIDIA GB300 NVL72
72 Blackwell Ultra GPUs + 36 Grace CPUs

Large-scale training and simulation
Heavy model inference and fleet learning

Network delay and connectivity matter

Jetson AGX Thor / T5000
128 GB memory, 40-130 W module power

Jetson Orin NX: 16 GB, 10-25 W
Local perception and compact Al policies

Memory, cooling and battery limit scale
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Actuating for Physical Interactions

DC Motor DC Gear Motor RC Servo motor Stepper motor

2,

BLDC Motor Smart Servo motors Harmonic drives Linear electric actuator

https://robocademy.com/2020/04/13/how-to-choose-an-actuator-for-your-robot/



Define Robots

Actuator type |Main advantages Main limitations Robot examples
. N Usually prqv@es little or no state Otto DIY, servo-based
Low cost, compact, simple wiring, |feedback; limited torque-control SpotMicro. early Stanford
RC servo and easy to use; suitable for basic |capability; relatively large friction and P > CATY 0

position-controlled systems.

backlash; limited bandwidth and
lifetime.

Pupper, and educational
hexapods

Smart servo

Provides position, velocity, current,
temperature, and fault feedback;
may support position, velocity, and
current/torque control; allows
daisy-chain communication.

Frequently uses a relatively high gear
ratio, resulting in poor backdrivability,
noticeable friction, and backlash.
Output torque estimated from motor
current may be inaccurate.

ROBOTIS OP3, DARwIn-OP,
Bioloid, and
OpenMANIPULATOR-X;
DYNAMIXEL is a
representative product family

Harmonic-drive
joint

High reduction ratio, high output
torque, compact size, low backlash,
and high positioning accuracy;
widely used in robotic
manipulators.

Relatively high friction and low
backdrivability; transmission elasticity
and hysteresis; limited impact
tolerance; accurate torque control often
requires a joint torque sensor or careful
calibration.

Industrial manipulators, UR
collaborative robots, Franka
Emika Panda, and some high-
load humanoid robots

Quasi-direct-
drive (QDD)
joint

Good backdrivability, low reflected
inertia, relatively low friction, high
torque-control bandwidth, and
strong impact tolerance; suitable
for dynamic contact and
locomotion.

Requires a relatively large motor and
high peak current; demanding motor-
drive and thermal-management
requirements; less efficient for
prolonged static torque generation than
high-ratio actuators.

MIT Mini Cheetah, MIT
Cheetah 3, and Stanford
Doggo; Unitree Gol/Go2 are
generally considered QDD-
like




Define Robots 2
Property RC servo Smart servo Harmonic-drive joint QDD joint
Cost Low Medium High Medium-high
Reduction ratio High Usually high Very high Low
Position control Moderate Good Excellent Good
Accurate torque Poor Limited Requires sensing or Good
control calibration

Backdrivability Poor Relatively poor Poor Good
Impact tolerance Low Moderate Moderate High
Dynamic Relatively slow Moderate Moderate Fast
response
Typical Educational Educational robots and Industrial manipulators Quadrupeds, humanoids, and
applications and small lightweight manipulators and precision positioning dynamic robots

robots
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Feedback Loop Towards Autonomy

Computing

» Embedded computer

Sensing

controls locomotion
and navigation

» Computer runs
Feedback Unix-like real-time OS

with custom control

L()()p 2 | software
Planning
Actuation
Sensing . ) Legs powered by
The sensors feed measurements » Sensors on hips, B () Seagotaters
knees, ankles, and
to a controller or computer, feet measure force > Hydraulic pump
. and joint position driven by internal
which processes them and then e combustion engine
sends control signals to motors SHlloEarEuare

and actuators. > Stereo camera
system and LIDAR
used for navigation

Transformer 1, developed by AGIBOT.
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The Technical Roadmap

RObOt: Robot morphology, mechanisms, actuators, transmission and end effectors

SENSING PLANNING ACTUATING
What is happening? What should the robot How should it move and
I do? l interact?
Sensors & data acquisition World and task modeling Mechanical platform & actuators
State estimation & perception Task and motion planning Feedback, force & whole-body
Localization, mapping & scene Decision-making & behavior control
understanding selection Locomotion, manipulation &
interaction

i \ £

ENVIRONMENT + Outcomes, disturbances,
_ HUMAN goals and feedback [ HENEGTGTNTNGNG_G_

CAPABILITIES THAT SPAN THE ENTIRE LOOP

MODELING & SIMULATION ROBOT LEARNING & SIM-TO-REAL HRI, INTEGRATION & SAFETY
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SHADOW
HUNTER
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Shadow Hunter "is an unprecedented competitive social game that perfectly combines

Light and sha
in Phygital fr

intelligent robots with mixed reality gameplay, with shadows as the core interactive
element, opening up a new gaming experience! In this creative and challenging world,

players transform into '"cats'" or "mice" and use robots for shadow capture, energy

harvesting, and strategic confrontation. Through the unique gameplay of Shadow and the
intelligent interaction of robots, you can experience the thrill of strategic gaming and

BRI 7 FHIT TI5?

Instructor : WAN Fang
Planner :ZHAO Le
Engineer : CHENG Weicong

DES5002 Robot design science and value’s interim review Fall 2024

Today's young people repeat a dull and boring life every
day, gradually picking up their phones in their work and
life, hoping to escape social reality with the help of

their phones. . . . - X - - m— .
We are committed to integrating gaming behavior into reality, by combining digital

tools with physical elements, researching how to make stepping on shadows more
interesting and strategic, and integrating physical therapy to create a new gaming
experience that combines leisure and social interaction for young people.

f,,\

ﬁﬁ%ﬁﬁkﬁlﬁ
ﬁiﬁﬂﬂi&!ﬁﬁ

However, market research shows that most young people
still aspire to enrich their daily lives through social
games. We extract their core needs and match game
features to create more attractive interactive
experiences:

We need this controller to be smarter.

Satisfying curiosity . - " ﬁf‘lli’dlﬁ
! ero reshoil

Real scene - R

5 ili What techniques
Scalability are used, and
through wgat
objects o
players’feel th

Electronic allowed! —_—
* Entertainment

Interacting with others -
FEM

- Richness them?

No phone -

spm_id_from=333.1387.homepage. video_card.click&vd_source=al@abalct

3snop ueLiseqas uﬁeqoc

others do
with "

HELSA © https://www. bilibili. coni/video/BV1Ae6zYSENK/?
fc6ecadbcc9d69451

Market Analysis
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@D Systems design

Servig object J Intera(tlve device

ROBOTS
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STEP TWO
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mitting Module Informing more and more hunters around that there are prey here
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The design draft of the
second-generation Shadow
Hunter robot, the
optimized aspects of the
second generation compared
to the first generation

_Design of .. Shless ! (
motor connection LED strip
" feedback module

H Lighter battery
I compartment.

Lithium battery

Lithium battery voltage: 3.7V

voltage: 5V

Weight: 7g Weight: 15g

SHADOW HUNTER 1
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Thank you~

Wan Fang
Southern University of Science and Technology
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