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INTRODUCTION
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Digital Portugal-SNIG

The first Web (1995) and Virtual Reality based spatial data infrastructure (1998)

Virtual GIS



https://youtu.be/0COqZrIEpEI
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On Spatial Computing, Periodic Table of Spatial
Metaverse, the Terms Left Computing
Behind and Ideas Renewed



https://myexploralive.files.wordpress.com/2018/09/theydreamscollection_oct2023.pdf
https://www.matthewball.vc/all/metaversespatialandmore?fbclid=IwAR3ox8I-f3ZbuwuzMd0jNxz6dRHTYRxd6kf2OHcu1cf8kpkhWDBKf15ivFA
https://www.matthewball.vc/all/metaversespatialandmore?fbclid=IwAR3ox8I-f3ZbuwuzMd0jNxz6dRHTYRxd6kf2OHcu1cf8kpkhWDBKf15ivFA
https://www.matthewball.vc/all/metaversespatialandmore?fbclid=IwAR3ox8I-f3ZbuwuzMd0jNxz6dRHTYRxd6kf2OHcu1cf8kpkhWDBKf15ivFA
https://medium.spatialpixel.com/periodic-table-of-spatial-computing-3f40ed162b2e
https://medium.spatialpixel.com/periodic-table-of-spatial-computing-3f40ed162b2e

YDreams Creative Reel



https://youtu.be/tzOgAX11vi0

TUGA LAND AIR Combo

Low Altitude Economy



https://youtu.be/ZwCVyZ7Twz8
https://www.scmp.com/topics/low-altitude-economy

MULTIMODAL SYSTEM DYNAMICS

MULTIMODAL DYNAMIC MODELLING



Words, numbers and pictures

Vannevar Bush “As we may think”
Norbert Wiener “Cybernetics”

Jay Forrester “Industrial Dynamics™
Ted Nelson, Hypertext

Will Wright, SimCity

Tim Berners Lee, World Wide Web

Mosaic and Netscape teams



Words, numbers and pictures

From causal diagrams to multi-dimensional
environmental models

Pictorial models (cellular automata and
unorthodox models)

Introducing artificial life, genetic
programming and agent based models



Words, numbers and pictures

Abstract concepts can only be represented by
words

Numbers provide precision
Pictures provide holistic representations

Pictures can be decoded into numbers



From a verbal description to a causal

diagram
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Multidimensional simulation

Numerical model as a driver complemented by qualitative
relationships
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Multidimensional sitmulation

Mumerical variables Linguistic variables
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From (partial) differential equations to
cellular automata

“First (a) we stylize physics into differential equations, then
(b) we force these equations into the mold of discrete space
and time and truncate the resulting power series, so as to
arrive to finite difference equations, and finally, in order to
commit the latter to algorithms, (¢) we project real valued
variables on to finite computer words (round-off). At the
end, we find the computer-again a physical system”

Tommaso Toffoli, 1984



Cellular Automata

Introduction
Cellular automata and differential equations
Implementation of cellular automata models
Applications

Unorthodox developments



Introduction

Uni, b1 or tridimensional space divided into cells
Each cell may assume a finite set of values

The values of each cell are changed through transition rules
(from t to t+dt)



Introduction

Transition rules

Local

Synchronous, but asynchronous dynamics can be considered when
evaluating the cells cyclically or according to a stochastic procedure



Introduction

Examples of transition rules
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Introduction

Game of life (John Conway)
Transition rules (value 0- dead cell; value 1- cell alive)
Number of live neighbors status at t+dt

2 does not change

3 alive
0,1,4,5,6,7, 8 dead



Introduction

Other types of CA models:

Lattice Gas system. Particles move in a medium (whether
randomly or deterministically) over a discrete lattice and
undergo state changes when they collide

In biology, these models are called Mobile Cellular
Automata. Ant colonies have been described with such
models: a ants nest 1s treated as a grid, with the ants
occupying lattice points



Applications

Predator-prey models

1600
——————— Predator | Lotka-Voherra)
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Time steps



Applications

Forest fire modelling

With the ersrironmental factors such as wind, fuel load and slope, it’s possile to caleulate the forest fire rate of spread in each
cell according to Fothermel formula {Rothermel, 1972, & Thing, 1976) .

Wind Speed
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Applications

CA models running on aerial photos (oil spills)
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Unorthodox developments

Pictorial simulation
Live sketching

Programming by reproduction and interactive
video

Multidimensional simulation



Pictorial simulation

Objects may be pictographs, signs or symbols

They may be described by their color,
position, size and position

Transition rules may include behavior and
interaction rules

Boundary conditions: donut, barrier, unlimited



Pictorial stmulation

Behavior rules
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Pictorial stmulation

Interaction rules
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LIVE SKETCH - [Pagel] b 2] ) [

Live sketching
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Live sketching
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Live sketching




Programming by reproduction and
interactive video

T=1

Point: | Position: | Time:

\ 1 (=1 170 | frame
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Programming by reproduction and
interactive video
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Programming by reproduction and
interactive video

Video Contmol

Video Display

mlketch Tools

IvErm Bar | [ | |




Artificial life

Soft
Virus
Virtual Pets
Cellular automata
Genetic programming

Agent based modelling

Physical objects
Robots



Genetic programming

Karl Sims

’l‘

https://www.youtube.com/watch?v=bBt0imn77Zg



https://www.youtube.com/watch?v=bBt0imn77Zg

Agent based modelling

https://www.youtube.com/watch?v=UaC0UoakO7k



https://www.youtube.com/watch?v=UaC0UoakO7k

Visualization schemes

3D interactive visualization of 2D models




Visualization schemes

* Video game like approach

| - Create building

2 - Create factory

3 - Create tree

N 4- Translate object

& 5 - Rotate object

6 - Delete object

7 - Move | Stop toggle
8 - Fly / Walk toggle

9 -Virtual pointer




Visualization schemes

* Video game like approach




MULTIMODAL SYSTEM DYNAMICS

MULTIMODAL SPATIAL MODELLING
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Bridging the Real and Data Worlds

Augmented Reality (AR) has been mostly additive but...

https://hbr.org/2017/11/a-managers-guide-to-augmented-reality

https://www.youtube.com/watch?v=me3J217tc70
&feature=youtu.be

https://www.youtube.com/watch?v=FfiXhOmw2Rs
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Bridging the Real and Data Worlds

AR can help enrich and index the Real World in the Data World based

on Augmented Positioning System (APS)

It will complement GPS and IPS providing precision to the users Field of View’s point clouds
It will provide a canvas to enrich the Real World

It will provide the foundations for Smart Tags, the key bridges between the Real and Data
Worlds



Bridging the Real and Data Worlds

APS provides accurate estimates for coordinates of point clouds in the
Field of View of users whose position is known via GPS or IPS. It may use a
variety of depth perception analytical methods™. It may be used to infer

virtual anchor points for the augmented World. It can be used in both long
and short range situations

*https://patents.google.com/patent/US20080192048A1/en?assignee=ydreams&oqg=ydreams
and

https://patents.google.com/patent/US20100194863A1/en?assignee=ydreams&oqg=ydreams



https://patents.google.com/patent/US20080192048A1/en?assignee=ydreams&oq=ydreams
https://patents.google.com/patent/US20100194863A1/en?assignee=ydreams&oq=ydreams

Bridging the Real and Data Worlds

APS providing the canvas to enrich the Real World

clockwise: 3D virtual drawing; large scale projections; inserting virtual elements in real scenes; Cloud Atlas’ special effects




Bridging the Real and Data Worlds

APS the foundation for Smart Tags*

' MAILBOX <3

~

ﬁ@@-}:

/142
BACK CREATE

AR VINI e ARENINIS "é{ ARV

Tagging to bridge the Real and Data Worlds: APS positioning, labelling, two way
communication, sharing, machine learning and other computer programs

* US Patent Pending



Bridging the Real and Data Worlds

BRIDGING THE REAL AND DATA
WORLDS — A HYPERGRAPH
BASED VIEW

Places Obijects Experiences

Pl2 Ob1... Obm Ex1 Ex2... Exo
Store Surfboard Buying Surfing

The Real World

The Data World URLs related to the “Beach”, “Store”, and “Surfboard” provide access to
Websites with oo broad information

In the Hypergraph based approach, nodes and arcs are “tagged”

“Tags” provide focused information and can be easily developed and used
locally



The Internet of Things

ADDING AND “TAGGING”

INTELLIGENCE IN OBJECTS
Augmented reality

By image recognition:
“it is a bottle”

1 : i By reading the bar code:
. . the cost is 50c

By using a QR CODE:
extended descriptions, images,
videos

¢ Sensorization

RFID: may provide detailed prod-
uct information including the
possibility of positioning

=
Additional sensors: may provide f \
quality related information such i .
as Ph and temperature WATER

Robotics {

1 Sensors/actuators/processors
‘ — A botile may have a robotic
exo-skeleton

’T‘:’-’ u@m .




The Internet of Biological Things

Macroscopic level

|Identify and “tag” animals and plants

https://www.youtube.com/watch?v=0kH11ZilL9E

Microsocopic level

“Tag” molecular biology
https://tinyurl.com/y7gns634

<

Merlin Bird ID

From the Cornell Lab of Ornithology

http://bit.ly/MerlinApp



https://www.youtube.com/watch?v=OkH11ZiIL9E
https://tinyurl.com/y7gns634
https://tinyurl.com/y7gns634

loE

ARIA, a browser for IoE

APS, Smart Tags and Hypergraphs
Bridging the Real and Data Worlds,
Internet of Things, and Internet of
Biological Things

Unique user experience

Improved search

Blockchain integration

IPFS based




loE

ARIA’s unique user experience

JeARIA

PUBLISHER

https://youtu.be/TSWZLUv-vhk



https://youtu.be/TSWZLUv-vhk
https://youtu.be/TSWZLUv-vhk
https://youtu.be/TSWZLUv-vhk

loE

ARIA's unique user experience

¢ Object Capture (_ Son Tag Options x = Add to Collection
Circle the object you want to capture Edit iﬂ Sony headphones
Add to Collection
Share

Delete

' New
.I Collection

Description text goes here and can include voice
recording, links, photos, and videos

[voice recording]

[video]
headphornes
Website to learn more info: sony.com/headphones 1
DOWNLOAD APP
R Qv




ARIA System Dynamics Model

Alges population
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loE

ARIA’s unique user experience

Innovative Al agents

https://www.youtube.com/watch?v=AmIKYMDO8x8



https://www.youtube.com/watch?v=AmlKYMDO8x8

loE

ARIA’s improved search

Hypergraph based
network algorithms

Bayesian search
missing objects

Generative search
knowledge discovery
genetic programming




ARIA’s blockchain integration

Selected smart tags may be

registered using hyperledgers

Integration of tagged objects

in mediated blockchain services
(i.e., Universal Sharing System by
slock.it; e-commerce and other

transactions)

Smart contracts to manage
global collaborative development

efforts

loE

HOW THE
BLOCKCHAIN
WORKS

o-;

Transaction X; unique valve of
data of any length fixed length

oOO®

Transaction A Transaction B Transacfion C Transaction D

o !

Hash value #A Hash value #B m Hash value #D

W

IREE

N\ /

Combined hash
valve #ABCD

Hash of Block 49

Timestamp

Nonce

ARIA’s may foster the use BOCK 48 A0S0

»6 Center

N EGlobal
Reproduction of an original figure in “The Great Chain of Being Sure About Things” by the Economist  Development

of tokens to draw adoption



loE

ARIA — COORDENATING
CORE BASED PLATFORM "~

Computer vision (image processing, feature tracking,
pattern recognition, depth extration, and positioning)

Simulation

“Tegging“using Web extraction, AR annofafion (rendering, audio, physics]

“Tag” data base — Real and

Data World tags Sensor systems

Blockchain
regisiration Augnmomod
reality
INTERACTING
WITH y
Animati
“TAGS" -

Mining

Natural user interfaces
(gesture based, voice)

Hypergroph based algorithms through bots

; network analysis, filtering used
rough bots
Human interface devices

ARIA's infrastructure will rely on IPFS, https://ipfs.io/

*US Patent Pending


https://ipfs.io/

Societal Impacts
of
loE

The Inventors Space

DIA 1- Jogo da Operagéo the lnventors () DIA 3 - Scratch e Design 3D the Inventors ()




Societal Impacts

The Citizen’s Internet

USN: Universal Sharing Network
World as a browser

Micro-geography
Improved search
Improved privacy issues
Universal sharing system
Distributed versus broadcast™

. A radically simplified user journey
H"prI"'DC.Ell economies Open the app > Find object > Pay for it > Use it

Trustless Trust: Trust without Trust

I nme 2

&

Source: slock.it

* Catarina Mota. Bits, Atoms, and Information Sharing: new opportunities for participation.
http://hdl.handle.net/10362/14505, 2015




Societal Impacts

The Citizen’s Internet
PETER KROPOTKIN

Local democracy MUTUAL

Local media*

Local arts & crafts A _Facl‘mj of
Evolution

Energy and water saving

Reduction, reuse and recycling
Sanctuaries for the poor

Peter Kropotkin**and Abbie Hoffman’s
utopian dreams may come alive

*https://www.coindesk.com/insightful-ico-telecom-giant-telenor-wants-to-disrupt-media-with-tokens/

**http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
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https://www.coindesk.com/insightful-ico-telecom-giant-telenor-wants-to-disrupt-media-with-tokens/
https://www.coindesk.com/insightful-ico-telecom-giant-telenor-wants-to-disrupt-media-with-tokens/
https://www.coindesk.com/insightful-ico-telecom-giant-telenor-wants-to-disrupt-media-with-tokens/
https://www.coindesk.com/insightful-ico-telecom-giant-telenor-wants-to-disrupt-media-with-tokens/
https://www.coindesk.com/insightful-ico-telecom-giant-telenor-wants-to-disrupt-media-with-tokens/
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization
http://www.ephemerajournal.org/contribution/peter-kropotkin%E2%80%99s-anarchist-vision-organization

Societal Impacts

Smart cities

ARIA’s platform

will facilitate driving

and sharing electrical cars

ARIA’s will also enable their

use as Sensors




Societal Impacts

Smart cities

ARIA will feed Smart Tags

on urban infrastructure
by parsing and learning

from heterogeneous

data bases

P \ ) - |

i stant| o Terain -Moosoft Veus... | L) Cadestro ) Bidoggiods &) DiroptsDens\Cad... | &) Cadaatro de Lisbos - ... |[©) L - Picrosoft ter... B dascPantshonro-im... | [« @ 1435




Societal Impacts

Other vertical markets

Tourism
Retail
Health

Utilities

e e
® 0 W Wi

Space

Entertainment




MULTIMODAL SYSTEM DYNAMICS

MULTIMODAL SYSTEM DYNAMICS IN THE AGE OF Al



Humans, Machines and Nature

-

Humans

Invention

Humans and Machines

1980s

Induction

Humans and Nature

1950s
Deduction

10 Grand Challenges We Will Face in 2050



https://www.bbc.com/future/article/20170713-what-will-the-challenges-of-2050-be

hey Europe, how's
the IT revolution i

The “human search
engine” made up of
600 French librarians

It's called Eurekoi, it's public and
promises to respond to any
question or personalized advice
request within 72 hours

yea

We must love the French
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What Machines can not master

H2H
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T ]
Seration Leadership



https://ir.citi.com/gps/j3cQLfjB4FsHY-ypE7jGa6vcJ0PajdCiJJjwDAn70ulfZfm-pOge8BC_cSJjNtwocRtQuaL42eZOeBAai5YNTtEdU3GOKF3t?fbclid=IwZXh0bgNhZW0CMTEAAR3vxDZJFB-FvuhmjJHoyT-xVL_cvoTPBmxGCEodZoXfWUUJGWqxvzuwA1I_aem_AQimXhBIiKPJDchWS8Rle-rXqYY5trAsvJpU_4S-AS-RmfHfd6lpO8OVoPc9yKGalAWy97lJppq-F0Ww6Vc0trqU&utm_source=substack&utm_medium=email

Humans, Machines and Nature

Al/Robotics and Nature

Large Language Models Empowered
Agent-based Modeling and Simulation: A
Survey and Perspectives

AR/VR and Nature

The Data World
The Augmented World
The Digitally Twinned World

The Virtual World



https://www.semanticscholar.org/paper/Large-Language-Models-Empowered-Agent-based-and-A-Gao-Lan/592ac35991e583fc37c26ee6659d2deb85142ad9
https://www.semanticscholar.org/paper/Large-Language-Models-Empowered-Agent-based-and-A-Gao-Lan/592ac35991e583fc37c26ee6659d2deb85142ad9
https://www.semanticscholar.org/paper/Large-Language-Models-Empowered-Agent-based-and-A-Gao-Lan/592ac35991e583fc37c26ee6659d2deb85142ad9
https://www.semanticscholar.org/paper/Large-Language-Models-Empowered-Agent-based-and-A-Gao-Lan/592ac35991e583fc37c26ee6659d2deb85142ad9
https://www.semanticscholar.org/paper/Large-Language-Models-Empowered-Agent-based-and-A-Gao-Lan/592ac35991e583fc37c26ee6659d2deb85142ad9

Humans and Machines

Spatial Computing (Al/Robotics/AR/VR) Spatial Computing (Al/Robotics/AR/VR)

fundamentals applications

YVision mathematics

3D Rendering: Linear Algebra - Differential Geometry - Geometry
(Projective Transformations)

Physics Simulation: Linear Algebra - Differential Calculus - Integral
Calculus - Numerical Analysis (for approximating continuous mathematics)

+ Computer Vision: Linear Algebra - Geometry (Homographies, Projective
Transformations) - Cellular Automata - Convolutions - Fourier Analysis

+ Synthesis and Transform Audio: Fourier Analysis, Synthesis and Transform

* Machine Learning: Statistical Analysis - Artificial Neural Networks -
Principal Component Analysis - Regression - Function Approximation

Evolutionary Computation Core Framework: Lambda Calculus (root of
functional programming) - Turing Machines - Theory of Computation

The YDreams Collection



https://myexploralive.files.wordpress.com/2018/09/theydreamscollection_oct2023.pdf

Humans and Machines
Sensors

Position / Presence / Proximity

=
N/ Spaceborne Space Shuttle
A Satellite : ./
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Environmental loT sensors Sensors used for remote sensing
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Strain / Pressure
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https://www.researchgate.net/figure/Various-platforms-and-sensors-used-for-remote-sensing_fig1_307351403
https://vividcomm.com/2018/11/25/iot-connected-pipelines-sensors/

Humans and Machines
Smart Labels

“Smart labels” enabling
sensing and tracking

Ynvisible



https://www.ynvisible.com/

Humans and Machines
Robots

Eco-Robotix Naio Technologies

Efficient pesticide application Weed elimination



https://ecorobotix.com/en/
https://ecorobotix.com/en/
https://ecorobotix.com/en/
https://www.naio-technologies.com/en/home/

Humans and Machines

Al fundamentals Generative Al
Biological inspired beat symbolic Large Language Models (LLMs)
inspired Al- neural networks and Large Multimodal Models
(LMMs)

Training Data ML Algorithm Model Prediction

’ | % ey — Class: Banana
Unseen and

a
unlabeled data

5
:
8
:
z

An Al Engineer’s Guide to Machine Learning and
Generative Al



https://miro.medium.com/v2/resize:fit:1100/format:webp/1*UGdXxxqCY1w8gmyqCfggcg.gif
https://medium.com/@aigeek_/an-ai-engineers-guide-to-machine-learning-and-generative-ai-b7444941ccee
https://medium.com/@aigeek_/an-ai-engineers-guide-to-machine-learning-and-generative-ai-b7444941ccee

Simplified hallucination in a transformer-based model (like GPT, Claude, or Gemini)

1) All words are getting 2) The attention block in transformers makes
embedded in them “context-aware”

multidimensional vectors
Z/ﬂ\\‘ MIT, NY-born, Nobel
//ﬁ MIT ° //’\5; laureate, Stephanie
Context-aware vector

\" The attention block assigns more semantic
_—¥ Nobel laureate meaning based on the context (position of

NY-born

; each token relative to each other)
Stephanie

3) The problem now is how the context-aware vector looks very similar to

MIT, NY-born, Nobel

/\/5’ laureate, Robert Solow

The illustrates the embedding limit, ultimately allowing for a certain degree
of semantic inconsistency. It looks very similar to Robert Solow, an actual
MIT, NY-born, Nobel laureate of whom the model has data of




Prompt: Drone view of waves crashing against the rugged cliffs along Big Sur’s garay point
beach. The crashing blue waters create white-tipped waves, while the golden light of the...
more

This video was created with OpenAl’ Sora

0:05/0:08

¥

4\

-


https://www.abc.net.au/news/2024-02-16/sora-generated-video-of-big-sur%E2%80%99s-garay-point-beach/103476276?utm_campaign=abc_news_web&utm_content=link&utm_medium=content_shared&utm_source=abc_news_web
https://openai.com/sora

Disney’s Apple Vision Pro sizzle reel


https://youtu.be/ws90S63gp_0?si=mVleaZW32MsVmiZ6&t=47

Plume, combining Al and AR



https://youtu.be/CJh03hrJsfo

Milestones

¢ Task Q Job M HLMIFAOL

Full Automation of Labor (all human jobs) -
Al Researcher -

Millennium Prize 4

High Level Machine Intelligence (all human tasks) -
Publishable math theorems -

Install wiring in a house -

Replicate ML paper -

Truck Driver -

Equations governing virtual worlds -

Retail Salesperson -

Find and patch security flaw -

Beat humans at Go (after same # games)
5km city race as bipedal robot (superhuman)
Win Putnam Math Competition -

Assemble LEGO given instructions -

Explain Al actions in games -

Translate text in newfound language -

NYT best-selling fiction -

Random new computer game (novice level) -
Fold laundry -

Learn to sort long lists -

All Atari games (vs. pro game tester)
Recognize object seen once -

Top 40 Pop Song 4

Construct video from new angle -
Finetune LLM 4

Atari games after 20m play (50% vs. novice) -

Translate speech using subtitles -

Telephone banking services -

Build payment processing website -

Top Starcraft play via video of screen 4

Answers undecided questions well

Fake new song by specific artist -

Group new objects into classes -

Translate text (vs. fluent amateur)

Answer open—ended fact questions with web -

Transcribe speech - —_—

World Series of Poker - .
Answer factoid questions with web - —_—
Angry Birds (superhuman) ——
Good high school history essay - —————
Simple Python code given spec and examples{ —e———

Year
2023 2063 2103 2143 2183 2223
L
Surgeon 4 S
—
._.___.
_.—
ML paper{ —@—
——
--—
.o_
-—
L
&
@
\ 4
L
L 4
g
.
A 2
@
@
®
L 2
@
L
L
&
L
L 2
L
&
L
L 2
L
L
&
Read text aloud 4 —_—
2023 2028 2033 2038 2043

Year

High-Level Machine
Intelligence- HLMI (2047)

Full Automation of Labor
(2116)

Cezary Gesikowski,
Redefining Tomorrow: Al
Researchers Unveil a
Startling Future, February
2024



Humans, Machines and Nature

Nature services

Intrinsic services

The Real, Data, Augmented and
Digitally Twinned Worlds

Offset services
The Digitally Twinned World

Derivative services
The Real and Virtual Worlds

Products humans obtain from  Services nature provides that Non-material benefits of

ecosystems: regulate the environment: nature for humans:
* Food * Air Quality * Recreation e.g. tourism
* Raw Materials e.g. wood, * Climate * Aesthetic Values
fuel, fibre * Water Purification * Religious and Spiritual
* Medicine * Waste Treatment Values
* Fresh Water « Disease and Pest Control * Mental and Physical Health
* Pollination * Education

* Extreme Events Moderation

The underpinning services that enable all other services to function — encompasses
both human and ecosystem needs:

* Photosynthesis
* Nutrient Cycling
* Soil Formation

Ecosystem Services: the Fundamentals



https://www.greenelement.co.uk/blog/ecosystem-services-the-fundamentals-part-i/

Humans, Machines and Nature
With the help of Claude

Al/Robotics Applications in Agriculture

1. Autonomous Systems

- Robotic planting and seeding

- Precision crop harvesting

- Autonomous crop monitoring drones
- Weeding and pest control robots

- Autonomous fertilizer application

2. Al-Driven Optimization

- Crop disease detection

- Yield prediction algorithms
- Smart irrigation control

- Crop genetic improvement
- Soil health analysis

AR/VR Applications in Agriculture

1. Training & Visualization

- Crop management simulations

- Equipment operation training

- Soil condition visualization

- Precision agriculture interfaces

- Agricultural technique demonstrations

2. Field Management

- Real-time crop health overlays
- Pest and disease identification
- Irrigation planning visualization
- Yield prediction interfaces

- Remote field monitoring


https://claude.ai/new

Humans, Machines and Nature
With the help of Claude

Al and Robotics Applications in Forestry AR/VR Applications in Forestry
1. Monitoring Technologies 1. Management Technologies

- Drone-based forest mapping - Forest terrain mapping

- Al-driven species identification - Tree species identification

- Wildfire early warning systems - Ecosystem simulation

- Tree growth and health tracking - Wildlife habitat visualization

- Automated forest inventory - Forest fire risk modeling

2. Management Solutions 2. Conservation Approaches

- Robotic tree planting - Habitat restoration planning

- Autonomous logging equipment - Species migration tracking

- Biomass estimation algorithms - Biomass estimation

- Wildlife corridor monitoring - Carbon sequestration visualization

- Carbon sequestration tracking - Tree growth simulation


https://claude.ai/new

Humans, Machines and Nature
With the help of Claude

Al and Robotics Applications in Food Science AR/VR Applications in Food Science
1. Production Technologies 1. Production Techniques

- Robotic food processing - Food processing training

- Al quality control systems - Quality control visualization

- Automated packaging - Nutritional content analysis

- Nutritional content analysis - Flavor profile simulation

- Flavor profile optimization - Manufacturing process optimization
2. Safety and Innovation 2. Consumer Interactions

- Contamination detection - Product development interfaces

- Predictive food spoilage algorithms - Cooking technique demonstrations
- Robotic fermentation management - Food safety training

- Personalized nutrition Al - Ingredient interaction modeling

- Ingredient interaction modeling - Sensory experience simulation


https://claude.ai/new

Humans, Machines and Nature
With the help of Claude

Al and Robotics Applications in
Environmental Sciences

1. Ecosystem Monitoring

- Al-powered biodiversity tracking

- Robotic environmental sampling
- Climate change impact simulation
- Pollution detection systems

- Ecosystem restoration planning

2. Conservation Technologies

- Species migration tracking

- Habitat restoration robots

- Al-driven conservation strategies
- Environmental data collection

- Invasive species management

AR/VR Applications in Environmental
Sciences

1. Ecosystem Analysis

- Climate change modeling

- Biodiversity tracking

- Pollution dispersion visualization
- Habitat restoration planning

- Environmental impact simulation

2. Research Tools

- Species migration tracking

- Microclimate visualization

- Environmental sensor data overlay
- Conservation strategy simulation

- Ecological network mapping


https://claude.ai/new

Humans, Machines and Nature
With the help of Claude

Al and Robotics Applications in Landscape AR/VR Applications in Landscape

Architecture

1. Design Innovation

- Al landscape generation

- Robotic terrain modeling

- Microclimate simulation

- Green infrastructure optimization
- Urban ecosystem design

2. Implementation Technologies

- Autonomous landscaping robots
- Al-driven plant selection

- Sustainable design algorithms

- Vegetation growth prediction

- Water resource management

Architecture

1. Design Technologies

- 3D landscape modeling

- Urban ecosystem simulation
- Green infrastructure planning
- Microclimate visualization

- Site analysis interfaces

2. Implementation Strategies

- Vegetation growth prediction

- Urban design visualization

- Sustainable design optimization

- Terrain modification simulation

- Environmental impact assessment


https://claude.ai/new

Internet of Nature (IoN):

a Proposal for Disruption
Internet of Nature (loN) It all started with Al Gore’s Digital

Humans and Machines (Al, Robotics, AR/VR) working Ea rth
together will create:

The Augmented Nature

The Digital Twinned Nature

The Virtual Nature
Intrinsic markets will be based on the Augmented Earth
Derivative markets will grow on the Virtual Earth
Offset markets based on the Digital Twinned Earth will

start with carbon (forest, soil, blue) and proceed with
biodiversity and water markets

Valued at 9, 8 trillion dollars, “Nature” is the largest
market in the World



https://www.mckinsey.com/capabilities/sustainability/our-insights/sustainability-blog/the-state-of-nature-markets-today-and-tomorrow

Internet of Nature (loN):
a Proposal for Disruption

Agents will be central*. Examples: Agents will enable interaction:
AA (precision agriculture) Using augmented and virtual
AB (biodiversity conservation and representations of Nature

restoration)
AC (carbon removal)

Agents will access:

Data infrastructure- Nature data
obtained locally and remotely
(including multi-modal and
unstructured data, and legacy
models)

Larrg],e Multimodal Models (f}?e tuned
with appropriate content reflecting
relevant domain knowledge) SNAP AR glasses

*Awesome Agents for Computer Use



https://github.com/francedot/acu

Al Agents Explained



https://youtu.be/Fyo6vnM8BBk?si=qP2IXNvov3So3tQB

Internet of Nature (IoN):
a Proposal for Disruption

The knowledge transition The environmental, social, governance
and financial transitions

Learning from KOFAC (South Korea)
program for 9th year students

Coordinated Governance of Decentralized
Autonomous Organizations (DAOs)

1 Artificial Intelligence
2 Driverless vehicles

3 Internet of things

4 Virtual reality

5 CRISPR

6 Space launch vehicles
7 Natural disasters

8 Smart medicine

9 Game engines

10 Sports statistics

New Generation Communication,
Telepresence and Teleoperation Platforms
(the new Decision Theaters)

Multi-level Markets: new generation Capital
Markets, full blown Nature Markets (water,

Alexander Von Gabain on EU’s Innovation Model carbon, bio-diversity)

Soc.ietal Transforrpation 201.8-2037: 10Q anticipated DAOs. A Canon
radical technologies, 20 regimes, case Finland



https://myexploralive.files.wordpress.com/2018/09/eit-chairman_krakow-conference_october-2011.pdf
https://myexploralive.files.wordpress.com/2018/09/eit-chairman_krakow-conference_october-2011.pdf
https://myexploralive.files.wordpress.com/2018/09/eit-chairman_krakow-conference_october-2011.pdf
https://myexploralive.files.wordpress.com/2018/09/eit-chairman_krakow-conference_october-2011.pdf
https://myexploralive.files.wordpress.com/2018/09/eit-chairman_krakow-conference_october-2011.pdf
https://myexploralive.files.wordpress.com/2018/09/eit-chairman_krakow-conference_october-2011.pdf
https://www.researchgate.net/publication/333320433_Societal_Transformation_2018-2037_100_anticipated_radical_technologies_20_regimes_case_Finland
https://www.researchgate.net/publication/333320433_Societal_Transformation_2018-2037_100_anticipated_radical_technologies_20_regimes_case_Finland
https://www.researchgate.net/publication/333320433_Societal_Transformation_2018-2037_100_anticipated_radical_technologies_20_regimes_case_Finland
https://www.researchgate.net/publication/333320433_Societal_Transformation_2018-2037_100_anticipated_radical_technologies_20_regimes_case_Finland
https://a16zcrypto.com/posts/article/dao-canon/

Internet of Nature (loN):
a Proposal for Disruption

Develop an IoN Archive, a peer-reviewed
journal and yearly conference
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Internet of Nature (loN):
a Proposal for Disruption

The Community project Inspirations
A minimalist Craigslist inspired The Handbook of Citizen Science in
: Ecology and Conservation
Web project

The Air Sensor Toolbox

Resources and tools for everyone

s Nature apps
craigslist SF bay area s sy oy o
010 clesel community housing
Ty SE00w chivites wes WS apts /| housiry 1 1 1
shtlos ‘Wit sniied Designing sustainable stores
LS DR e - il ud ’l‘ -Wwao — )
SHETR S chidcare muscans housing wanted
R | classes offic mim
event calendar ovents politics parking / storage
MTWTEFSS general rdeshare real estate for sale



https://www.ucpress.edu/book/9780520284791/handbook-of-citizen-science-in-ecology-and-conservation
https://www.ucpress.edu/book/9780520284791/handbook-of-citizen-science-in-ecology-and-conservation
https://www.airnow.gov/aqaw-2021/citizen-science-sensors/
https://www.treehugger.com/apps-that-will-turn-you-into-a-wilderness-expert-4864044
https://www.thedesignstory.com/blog/tips/tips-5-key-takeaways-when-designing-sustainable-retail-stores
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Appendix- Coding a multimodal system
dynamics model with help from Claude

f# Multi-Modal Simulation Model Development Framework
## 1. Data Structure Design

### 1.1 Numerical Variable Handling

" “python

class NumericalVariable:

def init (self, value, units, bounds, distribution=None) :

self.value = value
self.units = units
self.bounds = bounds
self.distribution = distribution
self.history = []

def update(self, new value):
1f self.bounds[0] <= new value <= self.bounds[1l]:
self.history.append(self.value)
self.value = new value



### 1.2 Linguistic Variable Handling

" "python
class LinguisticVariable:
def  1nit (self, value, possible values,
self.value = value
self.possible values = possible values
self.fuzzy sets = fuzzy sets or {}

self.history = []

def update(self, new value):
i1f new value 1in self.possible values:
self.history.append(self.value)
self.value = new value

fuzzy sets=None) :



### 1.3 Image Variable Handling

" "python
class ImageVariable:
def 1init (self, image data, type="static", metadata=None) :
self.1mage data = 1mage data

self.type = type # "static" or "dynamic"
self.metadata = metadata or {}
self.history = []

def update(self, new i1mage data):
self.history.append(self.image data)
self.ilmage data = new image data



## 2. Integration Framework

### 2.1 Variable Relationships

- Define correlation matrices

- Establish causal relationships

- Map dependencies between different variable types
- Define transformation rules

### 2.2 Synchronization Mechanisms

" "python
class TimeManager:
def  1init (self, timestep):
self.current time = 0

self.timestep = timestep
self.variables = []

def register variable(self, variable):
self.variables.append(variable)

def advance (self):
self.current time += self.timestep
for var in self.varilables:
var.update time (self.current time)



## 3. Transformation Rules

### 3.1 Numeric to Linguistic

" python
def numeric to linguistic(value, fuzzy sets):
memberships = {}
for set name, set func in fuzzy sets.items():
memberships[set name] = set func(value)
return max (memberships.items (), key=lambda x: x[1]) [0]

### 3.2 Linguistic to Numeric
" “python
def linguistic to numeric(value, fuzzy sets):
return fuzzy sets[value].centroid()

### 3.3 Image Processing

" “python
def extract features (image data):
features = {
'numerical': extract numerical features (image data),
'linguistic': extract linguistic features (image data)

}

return features



## 4. Simulation Engine

### 4.1 Core Components
" python
class SimulationEngine:
def init (self):
self.variables = {}
self.relationships = []
self.time manager = TimeManager ()

def add variable(self, name, variable):
self.variables[name] = variable

def add relationship(self, relationship):
self.relationships.append(relationship)

def step(self):
self.update variables()
self.apply relationships()
self.time manager.advance ()

### 4.2 Update Mechanisms
" “python
def update variables (self):
for var name, variable in self.variables.items():
1f variable.needs update():
self.update variable (var name)



## 5. Validation Framework

### 5.1 Numerical Validation
- Statistical tests

- Error metrics

— Confidence intervals

### 5.2 Linguistic Validation
- Semantic consistency checks
- Expert wvalidation

- Fuzzy logic validation

### 5.3 Image Validation

- Feature comparison

- Structural similarity index
- Pattern recognition metrics



## 6. Output Processing

### 6.1 Data Fusion
" “python
def fuse outputs(numerical data, linguistic data, image data):
fused output = {
'numerical': process numerical (numerical data),
'"linguistic': process linguistic(linguistic data),
'image': process image (image data)
}

return fused output

### 6.2 Visualization
" “python

def create visualization (fused output):
viz = MultiModalVisualization ()
viz.add numerical plot (fused output['numerical'])
viz.add linguistic summary (fused output['linguistic'])
viz.add image display(fused output['image'])
return viz

## 7. Error Handling

### 7.1 Type-Specific Errors
" "python
class ValidationError (Exception) :
pass

class TypeMismatchError (Exception) :
pass

class BoundaryError (Exception) :
pass



## 7. Error Handling

### 7.1 Type-Specific Errors
" "python
class ValidationError (Exception) :
pass

class TypeMismatchError (Exception) :
pass

class BoundaryError (Exception) :
pass

### 7.2 Error Recovery
" “python
def handle error (error, variable):
if isinstance(error, ValidationError) :
return fallback value (variable)
elif isinstance(error, TypeMismatchError):
return convert type (variable)
else:
ralse error



ANTONIO CAMARA

antonio.camara@ydreams.com

Sunday News

The YDreams Collection



https://myexplora.live/wp-content/uploads/2021/04/antonio-camara-bio-note-2.pdf
mailto:antonio.camara@ydreams.com
https://myexplora.live/wp-content/uploads/2018/09/theydreamscollection_oct2023.pdf
https://mailchi.mp/aromni.com/sunday-news-342

	Slide 1: MULTIMODAL SYSTEM DYNAMICS
	Slide 2: MULTIMODAL SYSTEM DYNAMICS
	Slide 3: MULTIMODAL SYSTEM DYNAMICS
	Slide 4
	Slide 5: Digital Portugal-SNIG The first Web (1995) and Virtual Reality based spatial data infrastructure (1998)
	Slide 6: The YDreams Collection 2000-2025
	Slide 7
	Slide 8
	Slide 9: MULTIMODAL SYSTEM DYNAMICS
	Slide 10: Words, numbers and pictures
	Slide 11: Words, numbers and pictures
	Slide 12: Words, numbers and pictures
	Slide 13
	Slide 14: Multidimensional simulation
	Slide 15: Multidimensional simulation
	Slide 16: From (partial) differential equations to cellular automata
	Slide 17: Cellular Automata
	Slide 18: Introduction
	Slide 19: Introduction
	Slide 20: Introduction
	Slide 21: Introduction
	Slide 22: Introduction
	Slide 23: Applications
	Slide 24: Applications
	Slide 25: Applications
	Slide 26: Unorthodox developments
	Slide 27: Pictorial simulation
	Slide 28: Pictorial simulation
	Slide 29: Pictorial simulation
	Slide 30: Live sketching
	Slide 31: Live sketching
	Slide 32: Live sketching
	Slide 33: Programming by reproduction and interactive video
	Slide 34: Programming by reproduction and interactive video
	Slide 35: Programming by reproduction and interactive video
	Slide 36: Artificial life
	Slide 37: Genetic programming Karl Sims
	Slide 38: Agent based modelling
	Slide 39: Visualization schemes
	Slide 40: Visualization schemes
	Slide 41: Visualization schemes
	Slide 42: MULTIMODAL SYSTEM DYNAMICS
	Slide 43: The Real World
	Slide 44: Bridging the Real and Data Worlds
	Slide 45: Bridging the Real and Data Worlds
	Slide 46: Bridging the Real and Data Worlds
	Slide 47: Bridging the Real and Data Worlds
	Slide 48:  Bridging the Real and Data Worlds  
	Slide 49: Bridging the Real and Data Worlds
	Slide 50: The Internet of Things 
	Slide 51: The Internet of Biological Things
	Slide 52: IoE
	Slide 53: IoE
	Slide 54: IoE
	Slide 55: ARIA System Dynamics Model
	Slide 56: IoE
	Slide 57: IoE
	Slide 58: IoE
	Slide 59: IoE
	Slide 60
	Slide 61: Societal Impacts
	Slide 62: Societal Impacts
	Slide 63: Societal Impacts
	Slide 64: Societal Impacts
	Slide 65: Societal Impacts
	Slide 66: MULTIMODAL SYSTEM DYNAMICS
	Slide 67:  Humans, Machines and Nature 
	Slide 68: Humans
	Slide 69: Humans, Machines and Nature
	Slide 70: Humans and Machines
	Slide 71: Humans and Machines Sensors
	Slide 72: Humans and Machines Smart Labels
	Slide 73: Humans and Machines Robots
	Slide 74: Humans and Machines
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80: Humans, Machines  and Nature
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86:  Internet of Nature (IoN):  a Proposal for Disruption  
	Slide 87: Internet of Nature (IoN):  a Proposal for Disruption
	Slide 88
	Slide 89: Internet of Nature (IoN):  a Proposal for Disruption
	Slide 90: Internet of Nature (IoN):  a Proposal for Disruption
	Slide 91: Internet of Nature (IoN):  a Proposal for Disruption
	Slide 92: References
	Slide 93: Appendix- Coding a multimodal system dynamics model with help from Claude
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102

