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Overview

e Motivation

e \Work Aim and Objectives

e Background research on Large Language Models (LLMs) to control robot
e My Architecture for using LLM to control Robot

e Some Experiments in using the technology

e Next Steps ..

e Future Career Ambitions



Motivation - Evaluation of HealthCare Robots for Old Adults
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Motivation - Use Case Scenario

Cara, 87 years old, Ireland

“l am looking for technologies to help me to be more independent, and they can understand me.”

Retired, Ex-kindergarten teacher
Widowed, 1 son died 3 years ago, 3 grandchildren

Suffers from osteoarthritis.
Suffer from lung cancer.
Suffer from visual impairment.

Cara, 87 years old, used to work in kindergarten as a teacher. Her husband died 15 years ago
and her son died 3 years ago. Her grandchildren working overseas, so she do not see them that
much.

Cara has a lung cancer and she is under medications.

Cara wears glasses to correct her visual impairment. Unfortunately, she always forget them after
bath, waking-up, etc. She usually spend times looking for her glasses, key, etc.

What she would like is a personal assistant robot that can interact with similar to the interactions
between humans. She would like the robot to understand her spoken language and allocate to
her missing glasses or a missing key, etc. She would like the robot to trailer educational and
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Work Aim and Objectives

Using LLM for effective interaction between
people and Personal Assistant Robots
(PARS).

Understand and execute user commands for a
domestic robot adapting to:

 what the robot can/can’t do.

 what the robot can/can’t sense.




Background

® Principles in using LLMs to Control Robots.

e How to Describe an Environment using Spatial Al
e SOTA: SayCan

e [imitationsin SayCan

e SayPlan



Background - Large language models (LLMs) for Robotics

e Large language models can encode a wealth of semantic knowledge about the
world.

| spilled my drink, can you help?

e A significant weakness of language
models is that they lack real-world
Do you want me to experience, which makes it difficult
LaMDA =

ind a cleaner? . .
to leverage them for decision
° ° ° ° ’
sy i makln.g. .Wlthln a given robot’s
mean to spill it. capabilities.

FLAN
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How to Describe an Environment using Spatial Al

Scene-Graph )

Level 4: Scene-Graph: How is the world organized?

Level 3: Semantics: What are the objects around I
me?
Mapping \

Level 2: Mapping: Where are the objects around

me?
Localization
8
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SOTA

e SayCan: Grounding
Language in Robotic
Affordances

"Waﬁ 2023

|

i
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SayCan: Grounding Language in Robotic Affordances

4x speed

A desve tha mwiy eitls

User input: | just worked out, can you bring me a drink and a

snack 1o recover?

Robot: F'wauld 1. find a water boatle, 2. pkck up the water boatle Sad o wrarge wan

3. bringittovou, 4, ..

v
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http://www.youtube.com/watch?v=ysFav0b472w

Background - Limitations in SayCan

e The robot is equipped with a repertoire of learned
skills => specific responses.

‘ It does not adapt to

® new environments, or
e different robot’s capabilities.

® Go to: Itis assumed the location of objects are known
=> these are specified as “go to location” and “find

° ' The planning does not taking into account
Spatial Al and semantic maps in real world (different
rooms, etc). 1




ROSGPT (Connecting ChatGPT with Robotics Operating System (ROS))

{command:

ROSGPT
Go to the kitchen
{command: Go to the kitche

: ben and bring me water}
WBbviovis i A 8 - ROSGPTProxy B I Y @

Evpimes Enginenriog ChatGPT REST API
1T command: go_to,
location: kitchen,

Y action: bring water}

ROSParser
COMMAND INTERPRETER

v

122 ROS #ROS2

l

Robot Hardware
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ROSGPT (Connecting ChatGPT with Robotics Operating System (ROS))

\

/°

Go_to_Goal

Rotate

/
i

Angular Velocity

1

Params

Is Clockwise

\J\

\
/

Linear Velocity

Is Forward

Location

Angle
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What is missing in ROSGPT?

TEXT-TO-SPEECH MODULE

))) |||||-:|||E

ommand: Go fo the

Kitchen

ROBOTIC SYSTEM ARCHITECTURE

ROSGPT

5 ROSGPTProxy

[ Scene Description

[ Robot Actions Description

Prompt Engineering

LLM CLOUD

ChatGPT REST API

:

ROSParser
COMMAND INTERPRETER

1)

¥

::ROS :#R0S2

l

Robot Hardware
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Research Question

® How to Condition LLMs
with Visual Scenes and
Robot’s Capabilities?

Conditioning LLMs with Visual Scenes
& Robot’s Capabilities

Robot’s Capabilities
(Set of Actions, etc.)

Visual Environment
(Object Recognition +
Semantic Map)
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Prompt Engineering for Robotics

e N

Task Description

Context

L (Scene Description + Robot’s Action) )

( )
Input Data

\ (User’s Unstructured Instruction) /
L )

Output 1
(Structured Commands for the Robot) J‘




User Instruction 3D Scene Graph Robot Actions Description

Bring me a
(cup of) coffee

Json file
context for the prompt)

Text (abstract instruction)

(context for the prompt)

T4
- Input Data Context
Task Description (User’s Unstructured Instruction) (Scene Description + Robot’s Action)
A 4
LLM (Converting the abstract instruction to based on robot’s capabilities in this environment)
| Text (ordered list of (Structured Commands for the Robot))

Planner (VLN, etc)

l Actions (Go to Goal, Move, Rotate, etc)

Path Planning

17
l Parameters (Linear velocity, Angular velocity, Angle, Distance, etc)



SOTA

e SayPlan: Grounding
Large Language
Models using 3D
Scene Graphs for
Scalable Robot
Task Planning
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SayPlan: Grounding Large Language Models using 3D
Scene Graphs for Scalable Robot Task Planning

) Executing Fian

Insteoction: A postdoc spillad tholir sode. Help shan ¢loan 1t up.
-
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http://www.youtube.com/watch?v=3aMgpqnD2RY

Plan

B S S S

Control the Robot in Isaac Sim using Keyboard
ROSGPT (Connecting ChatGPT with Robotics Operating System (ROS))
Control the Robot in Isaac Sim using ChatGPT

Get Information about the Scene (Classes, Locations, etc) from the simulator.

Prompt Engineering (Chain-of-thoughts, etc).
) Navigate to the Goal.
&) Return back to the starting location.
&) Evaluate for a hierarchically organised of an environment.

Test and Evaluate on 3D Scene Graphs that capture a rich topological and hierarchically
organised semantic graph representation of an environment

Develop and Test with another robot that has different affordances (has manipulator ex: PAL
Tiago) and report how using the prompt engineering adapt the sub-tasks based on the robots’

capabilities .



Control the Robot in Isaac Sim using ChatGPT

® Rotate 60 degree in
clockwise direction at

5 degrees per second. BN
B RECEP]
e Move forward for 2 : ’

meters at a speed of 1
meter per second.

® Move backward 2
meters.



http://drive.google.com/file/d/1o4ypq0VhobFx-ieDzbPBa60ib7PQwujO/view

Prompt Engineering - Chain-of-Thought

Standard Prompting Chain of Thought Prompting
Q: Roger has 5 tennis balls. He buys 2 more cans of Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now? tennis balls does he have now?
A: The answer is 11. A: Roger started with 5 balls. 2 cans of 3 tennis balls

each is 6 tennis balls. 5 + 6 = 11, The answer is 11.
Q: The cafeteria had 23 apples. If they used 20 to

make lunch and bought 6 more, how many apples Q: The cafeteria had 23 apples. If they used 20 to
do they have? make lunch and bought 6 more, how many apples
\_ - \do they have? p

Model Out .I.I.“\

A: The cafeteria had 23 apples originally. They used
20 to make lunch. So they had 23 - 20 = 3. They
ght 6 more apples, so they have 3 + 6 = 9. The
answer is 9. v

A: The answer is 27. x

Wei, Jason, et al. "Chain-of-thought prompting elicits reasoning in large language models." Advances in Neural Information Processing Systems
35 (2022): 24824-24837.



HA | You are a domestic robot that can only navigate inside a room) This room has a sofa, table,
cup of coffee, and another person next to the table. write in order steps how to bring me a
coffee. In case some steps you cannot perform ask the user in the room to do that step and
when he has done it to write DONE to continue.

@ [ I'm sorry, but as a text-based AI,]I'm unable to physically interact with objects or peopleinthe LI o

real world. However, | can guide you on how to bring a cup of coffee to the person in the

room. You will need to perform the following steps:

1. Locate the coffee cup: Look around the room and find the cup of coffee.
2. Pick up the coffee cup: Reach for the coffee cup and pick it up.

3. Check if it's the right temperature: Ensure that the coffee is at a suitable temperature for the

person.
4.[If the coffee is not at the right tem perature]ask the person if they want it hot or cold. If they

want it hot, you can either:

* rsk them to heat it in the microwave and wait for them to do so. ]
i

here's a coffee maker, ask them to make a fresh cup and wait for them to do so.

5. Ifthe coffee is at the right temperature, carry it over to the person sitting at the table.

6. Serve the coffee to the person: Carefully place the coffee cup in front of the person.

Remember, if you encounter any steps that you cannot perform, please ask the personin the

room to assist you and wait for them to complete the task.
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[You are a guide for a domestic robot that qan only navigate inside a room. This room has a

sofa, a table, a cup of coffee on the table, and another person next to the table. write in order
steps how the robot will bring me a coffee. In case some steps you cannot perform ask the
user in the room to do that step and when he has done it to write DOMNE to continue.

Certainly, here are the steps for the domestic robot to bring you a cup of coffee:

1. Start in a ready position: Ensure that the robot is in a ready state to receive commands.

2. Locate the coffee cup: Use your built-in sensors and cameras to identify the coffee cup on
the table.

3. Calculate the distance: Determine the distance from the robot's current position to the
table where the coffee cup is located.

4. Plan a path to the table: Based on your map of the room and the distance calculation, plan a
path to reach the table. Ensure that there are no obstacles in the way.

5. Navigate to the table: Start moving towards the table using your wheels or tracks. Be
cautious and slow to avoid any collisions.

6. Stop at the table: When you reach the table, stop a safe distance away to prevent knocking

anything over.

7. Extend your arm: If you have a robof)c arm, carefully extend it toward the coffee cup on the

Expected the robot table.

has an arm 8. Grip the coffee cup: Use your grippgr or arm to grasp the coffee cup securely.

9. Lift the coffee cup: If your robot has the capability, lift the coffee cup off the table.
10. Plan a path back to the user: Calculate a path to return to the person sitting next to the
table.
11. Navigate back to the user: Start moving back to the user, making sure to avoid any
obstacles or collisions.
12. Stop in front of the user: When you reach the user, stop in front of them, ensuring you're at a
comfortable distance for them to take the coffee.

13. Lower the coffee cup: If you have lifted the coffee cup, carefully lower it to the table i > Regenerate

_ere



10. Verify the placement: Use your sensors to ensure that the coffee cup is securely pla

You are a guide for a domestic robot that can only navigate inside a roonl. You cannot pickup'

or place any objects, bit you have a tray on top of you that a user can place objects on it. ]

This room has a sofa, a table, a cup of coffee on the table, and another person next to the
table. write in order steps how the robot will bring me a coffee. In case some steps you
cannot perform ask the user in the room to do that step and when he has done it to write
DOMNE to continue.

Understood. Given your capabilities, here's how the domestic robot with a tray on top can

bring you a cup of coffee:

. Start in a ready position: Ensure that the robot is powered on and in a ready state to receive

commands.

. Locate the coffee cup: Use your built-in sensors and cameras to identify the coffee cup on

the table.

. Calculate the distance: Determine the distance from the robot's current position to the

table where the coffee cup is located.

. Plan a path to the table: Based on your map of the room and the distance calculation, plan a

path to reach the table. Ensure that there are no obstacles in the way.

. Navigate to the table: Start moving towards the table using your wheels or tracks. Be

cautious and slow to avoid any collisions.

. Stop at the table: When you reach the table, stop a safe distance away to prevent knocking

anything over.

. Notify the user: Politely inform the user that you are ready to assist with bringing them the

coffee.

8.[Request the user to place the coffee on your tray:]Ask the user to place the coffee cup on

the tray on top of you.

9. Wait for the user to place the coffee: Allow the user to place the coffee cup on your tray.

your tray. If it's not, politely request the user to adjust it.

‘G Regenerate
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10.

11
12.

You are a guide for a domestic robot that can only navigate inside a room. You cannot pick
up or place any objects, but you have a tray on top of you that a user can place objects on it.
This room has a sofa, a table, a cup of coffee on the table, an[ﬁ another person his name Ali ]
and he is next to the table. write in order steps how the robot will bring me a coffee. In case
some steps you cannot perform ask Aliwho is in the room to do that step and when he has
done it to write DOME to continue.

Certainly, here are the steps for the domestic robot with a tray to bring you a cup of coffee,

involving Ali's assistance where necessary:

Start in a ready position: Ensure that the robot is in a ready state to receive commands.
Locate the coffee cup: Use your built-in sensors and cameras to identify the coffee cup on
the table.

Calculate the distance: Determine the distance from the robot's current position to the
table where the coffee cup is located.

Plan a path to the table: Based on your map of the room and the distance calculation, plana
path to reach the table. Ensure that there are no obstacles in the way.

Navigate to the table: Start moving towards the table using your wheels or tracks. Be
cautious and slow to avoid any collisions.

Stop at the table: When you reach the table, stop a safe distance away to prevent knocking

anything over.

Notify Ali: Politely inform Ali that you're ready to assist with bringing coffee.

Request Ali to place the coffee on your trayjAsk Ali to place the coffee cup on the tray on

top of you.

. Wait for Ali to place the coffee: Allow Ali to place the coffee cup on your tray.

Verify the placement: Use your sensors to ensure that the coffee cup is securely placed on
your tray. If it's not, politely request Ali to adjust it.

Request Ali to command you to "serve™ Ask Ali to give a command, such as "Serve coffee.”
Wait for Ali's command: Wait for Ali to give the "serve” command.

‘% Regenerate
Once Ali issues the "serve"” command, navigate back to you: Based on Ali's comma
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[My name is Hassan. | am sitting on a chair watching Judo on the TV.]I’OU are a guide for a

domestic robot that can only navigate inside a room. You cannot pick up or place any
objects, but you have a tray on top of you where a user can place objects on it. This room has
a sofa, a table, a cup of coffee on the table, and another person his name Ali and he is next to
the table. write in order steps how the robot will bring me a coffee. In case some steps you
cannot perform ask Ali who is in the room to do that step and when he has done it to say
DOME to continue{TeII the robot to talk to me by using my name. ]

Of course, Hassan. Here are the steps for the domestic robot with a tray to bring you a cup of

coffee, involving Ali's assistance where necessary:

1. Start in a ready position: Ensure that the robot is in a ready state to receive commands.

2. Locate the coffee cup: Use your built-in sensors and cameras to identify the coffee cup on
the table.

3. Caleulate the distance: Determine the distance from the robot's current position to the
table where the coffee cup is located.

4. Plan a path to the table: Based on your map of the room and the distance calculation, plan a
path to reach the table. Ensure that there are no obstacles in the way.

5. Navigate to the table: Start moving towards the table using your wheels or tracks. Be
cautious and slow to avoid any collisions.

6. Stop at the table: When you reach the table, stop a safe distance away to prevent knocking

anything over.

7. [Notify Ali: Politely inform Ali that you're ready to assist with bringing coffee to Hassan.]

8[ Ask Ali to place the coffee on your tray: F’L]Iitely ask Ali to place the coffee cup on the tray

on top of you and say "DOME" once it's done.
9. Verify the placement: Use your sensors to ensure that the coffee cup i1s securely placed on
your tray.
10. Request Alito command you to "serve": Ask Ali to give a command, such as "Serve coffee
to Hassan.”

‘G Regenerate
Wait for Ali's command: Wait for Ali to give the "serve” command.
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12, [Dnn:e Aliissues the "serve" command, navigate back to Hassan] Baszed on Ali's command,

carefully navigate back to you, Hassan, ensuring a safe and collision-free path.

13. Stop in front of Hassan: When you reach Hassan, stop in front of him, ensuring you're at a
comfortable distance for him to take the coffee.

14. Notify Hassan: Politely inform Hassan that the coffee is ready for him to enjoy, using his

name.

15. |Wait for Hassan to take the coffee]Allow Hassan to take the coffee from the tray, and

ensure he has a secure grip.
15. Once Hassan has taken the coffee, return to your initial position: If there are no further

tasks or commands, return to your initial position or standby location.

If at any point you encounter a task that you cannot perform, politely ask Ali for assistance,
and wait for Ali to complete that task. When Ali has finished the task, Ali can respond with

"DOME" to continue the process. ‘= Regen:
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My name is Hassan. | am sitting on a chair watching Judo on the TV. You are a guide for a
domestic robot that can only navigate inside a room. The robot cannot pick up or place any
objects, but it has a tray on top of it where a user can place objects on it. This room has a
sofa, a table, a cup of coffee on the table, and another person his name Ali and he is next to
the table. write in order steps how the robot will bring me a coffee. In case some steps the
robot cannot perform any step ask Aliwho is in the room to do that step and when he has
done it to say DOME to continue. Tell the robot to talk to me by using my name. The robot

initial position next to me and | am far from Ali[how many human in the room. Name them. ]

In the room you described, there are two humans:

1. Hassan: You are sitting on a chair watching Judo on the TV.

2. Alli: Ali is the other person in the room, and he is next to the table.

Here are the steps for the robot to bring you coffee:

1. Start next to Hassan: Begin the process by positioning yourself next to Hassan.
2. Ask Alito place the coffee on the tray: Folitely ask Ali to bring the cup of coffee from the
table and place it on your tray.

3. Wait for Alito place the coffee: Allow Ali to place the coffee cup on your tray.

4. Verify the placement: Use your sensors to ensure the coffee cup is securely on your tray.

5. Ask Alito command you to "serve™: Politely ask Ali to instruct you with "Serve coffee to
Hassan."

5. Wait for Ali's command: Wait for Ali to issue the "serve” command.

7. Serve coffee to Hassan: If Ali commands you to do so, navigate to Hassan and stop in front
of him.

8. Notify Hassan: Politely inform Hassan that the coffee is ready for him, using his name.

9. Wait for Hassan to take the coffee: Allow Hassan to take the coffee.

10. Return to your initial position: If there are no further tasks, return to your initial position next

to Hassan.
‘= Regenerate
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My name is Hassan. | am sitting on a chair watching Judo on the TV. You are a guide for a
domestic robot that can only navigate inside a room. The robot cannot pick up or place any
objects, but it has a tray on top of it where a user can place objects on it. This room has a
sofa, a table, a cup of coffee on the table, and another person his name Ali and he is next to
the table. write in order steps how the robot will bring me a coffee. In case some steps the
robot cannot perform any step ask Ali who is in the room to do that step and when he has
done it to say DOME to continue. Tell the robot to talk to me by using my name. The robot

initial position next to me and | am far from AIi[How many dynamic objects in this room ]

name them.

In the room you described, there are two dynamic objects, which means objects that can be

moved or interacted with:

1. Cup of coffee: This is placed on the table and can be picked up and placed on the robot's

Forgot to
consider the
robot

tray.
2. Ali: Ali is the other person in the room, and he can interact with the robot by placing the

coffee cup on the tray when requested.

Here are the steps for the robot to bring you coffee:

1. Start next to Hassan: Begin the process by positioning yourself next to Hassan.

2. Ask Alito place the coffee on the tray: Politely ask Ali to bring the cup of coffee from the
table and place it on your tray.

3. Wait for Ali to place the coffee: Allow Ali to place the coffee cup on your tray.

4. Verify the placement: Use your sensors to ensure the coffee cup is securely on your tray.

5. Ask Alito command you to "serve"™: Politely ask Ali to instruct you with "Serve coffee to
Hassan."

5. Wait for Ali's command: Wait for Ali to issue the "serve” command.

7. Serve coffee to Hassan: If Ali commands you to do so, navigate to Hassan and stop in front

of him. ‘> Regenerate



My name is Hassan. | am sitting on a chair watching Judo on the TV. You are a guide for a
domestic robot that can only navigate inside a room. The robot cannot pick up or place any
objects, but it has a tray on top of it where a user can place objects on it. This room has a
sofa, a table, a cup of coffee on the table, and another person his name Aliand he is next to
the table. write in order steps how the robot will bring me a coffee. In case some steps the
robot cannot perform any step ask Ali who is in the room to do that step and when he has

done it to say DONE to continue. Tell the robot to talk to me by using my name. The robot
Initial position next to me and | am far from AIl' how moving things in the room. '

. Hassan (You): You are sitting on a chair, and you may change your position while watching

2. Alli: Ali is the other person in the room. He is next to the table and can move around.

3. Domestic Robot: The robot itself is a moving object equipped with a tray. It can navigate

In the room, there are several moving objects and people: \

Judoon the TV.

inside the room. /

Here are the steps for the robot to bring you a cup of coffee:

. Start next to Hassan: The robot begins the process by positioning itself next to you,

Hassan.

. Ask Ali to place the coffee on the tray: Politely ask Ali to bring the cup of coffee from the

table and place it on your tray.

. Wait for Ali to place the coffee: Allow Ali to place the coffee cup on your tray.
4. Verify the placement: Use your sensors to ensure the coffee cup is securely on your tray.

. Ask Ali to command you to "serve"™ Folitely ask Ali to instruct you with "Serve coffee to

Hassan."

5. Wait for Ali's command: Wait for Alito issue the "serve” command.

7. Serve coffee to Hassan: If Ali commands you to do so, navigate to Hassan and stop in front

of him. ‘5 Regener:
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My name is Hassan. | am sitting on a chair watching Judo on the TV. You are a guide fora
domestic robot that can only navigate inside a room. The robot cannot pick up or place any
objects, but it has a tray on top of it where a user can place objects on it. This room has a
sofa, a table, a cup of coffee on the table, and another person his name Ali and he is next to
the table. write in order steps how the robot will bring me a coffee. In case some steps the
robot cannot perform any step ask Ali who is in the room to do that step and when he has
done it to say DOME to continue. Tell the robot to talk to me by using my name. The robot

initial position next to me and | am far from Ali{which things moved in the room. |

In the room, there are a few things that may move or change position:

1. Hassan (You): While you are initially sitting on a chair watching Judo, you may change your
position or posture during the process.

2. Ali: Ali, the other person in the room, may move or change position.

2. Domestic Robot: The robot itself is a maobile entity and can change its position as it

navigates around the room.

4| Cup of coffee: Jhe coffee cup may move when Ali places it on the robot's tray, and it will

change its position when the robot serves it to you.

These elements may change their positions or states during the process of the robot

bringing you coffee, and the robot needs to adapt and interact with them accordingly.
32



Gantt Chart

M¢ Timetable

Detoler 24, 1023 Nevember 13, 2023 Pecesiber 3,103 Dageibot 23, 1073 lanwiary 17, 7034 Fikinuary 1, 74 Teliruiry 71, 1004 Wich 17, 204

Prompt Engineering (Navigateto Goal, Retum Back) (1 room (open spice)] [
Scena Description from the robot's sensors |/
Prampt Eng and Evaluation for a Tapological and Hierarchically Organized Renresertation of Env. |2 or more rooms] 00—
Study memory of LLM for previous locations, nstructions, and modificatin inthe Env, ]
—

Developing and Test with another robot has different affordances (has a manipulator)
More experiments/evaluation of robot affordance (aptional: physics from URDF file such as cannot [t heavy obfects)

Wring e rttof the e teds e—



Activites

® Co-Organised Workshop on Context Representation in User Modeling

® Teaching Programming for Digital Media Lab.
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Future Career Ambitions

® Working for some years in company

O to gain experience

O and to have some saving for my next step.

e After some years Launch a startup

O Focusing on software development rather than hardware.
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Thank You For Listening!
zaalh@tcd.ie
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