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Robot of the Day
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Reachy 2 by Pollen Robotics



Robot of the Day
3DES5002: Designing Robots for Social Good Reachy mini by Pollen Robotics



Robot of the Day
4DES5002: Designing Robots for Social Good Microduck by Pollen Robotics



Introduction to Robots
• Type of Robots 

• by Concepts / Applications / Kinematics

• Define Robots
• Sense, Plan, and Act

• The Human Side
• Collaboration and Social Characteristics

5Today’s Agenda



Which one do you like the most, and why?
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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

7If you don’t know what it is, start by classifying it.



A Library of Robots
8Classification by Concepts (https://robots.ieee.org)

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


Types of Robots
9Classification by Applications

Designed with familar concepts to your daily lives



Types of Robots
10Classification by Applications

Designed with advanced modes of mobility



Types of Robots
11Classification by Applications

Designed for applications in specialized environment



Types of Robots
12Classification by Applications

Designed for applications in specialized environment



Common Designs of Robot @ Work
13Classification by Kinematics

• Articulated

• Cartesian

• Selective 

Compliance 

Assembly Robot 

Arm (SCARA)

• Delta

• Cylindrical

• Polar and more 

…



Articulated Robot
14Classification by Kinematics

• The manipulator connects to the base with a twisting joint. 
• A rotary axis connects the links in the manipulator. 
• 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



Cartesian Robot
15Classification by Kinematics

• 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. Also called rectilinear or gantry robots



SCARA
16Classification by Kinematics

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

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

Selective Compliance Assembly Robot Arm 



Delta Robot
17Classification by Kinematics

• 3 axes for the parallelograms; 1~3 axes for the end effector
• Delicate, precise movements in a dome-shaped work area
• Heavily used in food, pharmaceutical and electronic industries

Jointed parallelograms connected to a common base



What makes a robot?
• A robot is an autonomous machine capable of 

• sensing its environment, 
• carrying out computations to make decisions, and 
• performing actions in the real world.

18Define Robots

Think of the Roomba robotic vacuum. 
It uses sensors to autonomously drive 
around a room, going around furniture 
and avoiding stairs; it 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.”

Sense

Plan

Act

Question: What about an elevator?
What about cruise control for cars?

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?



More on the notion of autonomy

19Define Robots

1   DECISION AUTHORITY

1

MANUAL

A human decides 
and performs all 

actions.

2

SHARED

Human and robot 
divide decision-

making and 
execution.

3

AUTONOMOUS

The robot decides 
and acts without 
required human 

intervention.

MORE HUMAN AUTHORITY MORE ROBOT AUTHORITY



More on the notion of autonomy

20Define Robots

2   FEEDBACK USE

OPEN-LOOP 
CONTROL

Pre-programmed decisions; feedback is 
not used

COMMAND ROBOT ENVIRONMENT

×
NO FEEDBACK PATH

CLOSED-LOOP 
CONTROL

Feedback can adapt decisions and 
actions

DECISION ROBOT ENVIRONMENT

SENSORY FEEDBACK



Sensing for Structured Perception
• Perception is the organization, identification, and 

interpretation of sensory information in order to represent 
and understand the interactions or environment. 

21Define Robots

Physical 
Environment

Sensory 
Perception

Structured 
Data



Tactile Perception
22Define Robots



Visual Perception
23Define Robots



Computing for Algorithmic Rationality
• An algorithm is a finite sequence of rigorous instructions, 

typically used to solve a class of specific problems or to 
perform a computation.

24Define Robots

Robots

• An agent (or robot) is an entity that 
perceives and acts. 
• Intelligence is concerned mainly 

with rational action 

• Ideally, an intelligent agent takes the 
best possible action in a situation. 
• A rational agent selects actions that 

maximize its (expected) utility.

• Characteristics of the percepts, 
environment, and action space dictate 
techniques for selecting rational actions.



Frontier models for robot decisions
25Define Robots

Model family Current examples Role in a robot

Vision–language
models (VLMs) Gemini Robotics ER 2 Interpret scenes and goals.

Plan steps and check progress.

Vision–language–action
models (VLAs)

Gemini Robotics 2
π0.7
Isaac GR00T N1.7

Use vision, instructions and
robot state to generate actions.

World models NVIDIA Cosmos 3 Predict possible futures and
generate training scenarios.



Cloud and edge computing for robots
26Define 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 AI policies

Memory, cooling and battery limit scale



Actuating for Physical Interactions
27Define Robots

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



28Define Robots

Actuator type Main advantages Main limitations Robot examples

RC servo
Low cost, compact, simple wiring, 
and easy to use; suitable for basic 
position-controlled systems.

Usually provides little or no state 
feedback; limited torque-control 
capability; relatively large friction and 
backlash; limited bandwidth and 
lifetime.

Otto DIY, servo-based 
SpotMicro, early Stanford 
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 Go1/Go2 are 
generally considered QDD-
like
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Feedback Loop Towards Autonomy
31Define Robots

The sensors feed measurements 
to a controller or computer, 
which processes them and then 
sends control signals to motors 
and actuators. 

Transformer 1, developed by AGIBOT. 

Sensing

PlanningActuating

Feedback 
Loop



The Technical Roadmap
32Define Robots

1 SENSING
What is happening?

Sensors & data acquisition
State estimation & perception
Localization, mapping & scene 
understanding

2 PLANNING
What should the robot 
do?

World and task modeling
Task and motion planning
Decision-making & behavior 
selection

3 ACTUATING
How should it move and 
interact?

Mechanical platform & actuators
Feedback, force & whole-body 
control
Locomotion, manipulation & 
interaction

ENVIRONMENT + 
HUMAN

Outcomes, disturbances, 
goals and feedback

CAPABILITIES THAT SPAN THE ENTIRE LOOP

MODELING & SIMULATION ROBOT LEARNING & SIM-TO-REAL HRI, INTEGRATION & SAFETY

Robot: Robot morphology, mechanisms, actuators, transmission and end effectors
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Thank you~
Wan Fang

Southern University of Science and Technology

DES 5002: Designing Robots for Social Good
https://des5002.ancorasir.com/

https://des5002.ancorasir.com/

