
Science, Knowledge on Sensors 
to Build Food Security, 

Sustainability, and Wealth 
 
  

Paulo E. Cruvinel 
Embrapa Instrumentation 

Federal University  - Post-Graduation Program in Computer Sciences 
São Carlos, SP, Brazil 

Email: paulo.cruvinel@embrapa.br 



Historical and  epistemological framework 
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Historical and epistemological framework 
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Aristotle not only inspired the 
enlightenment, but also helped to 
understand the movement, since 
his thought acts as an important 
part of the hermeneutics of 
knowledge.  



The Enlightenment  
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 It was a philosophical and intellectual 
movement. 

 
 It was with great political, social and 

economic implications, which occurred in 
Europe (Modern Age), peak happened in 
the 18th century. 



“Discourse on the Method” 
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Sermo in modum by René Descartes, 
published in 1637, where it is recommended 
to systematically disbelieve in everything, 
unless one has a well-founded and well-
established reason.  

“I think, therefore I am”  
Cogito ergo sum  



“Mathematical Principles of 
Natural Philosophy”  
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Philosophiae naturalis Principia Mathematica 
by Isaac Newton, published in editions of 
1687, 1713 and 1726, as essential in 
contextualizing the scientific revolution that 
occurred during the Enlightenment period.  

 

Social Transformations and the  
Age of Reason 

 
 



Science 

Defined as the observation, identification, 
description, experimental investigation, and 
theoretical explanation of natural 
phenomena. 



Knowledge 

Decisive factor in establishing perspectives 
to face the challenges and uncertainties of 
the macro environment. 





First Wave (1760-1840) 

Faster means of communication, 
minimizing problems like social unrest 
and repetitive work.  

 

Main inventions: the cotton gin, the 
electromagnet, photography, gas street 
lighting, the steam engine, the mechanical 
loom, the telegraph… 



Second Wave (1870-1914) 
The Enlightenment's moral values of reason, liberty, 
equality, and fraternity did not find full resonance in 
their understandings and practices, guiding needs for 
public policy. 
 
Main inventions: automobile, advances in the use of 
nuclear energy, electric dynamo, fertilizers, 
incandescent lamp, the combustion and electric 
engines, steel ships, plastics, lubricants, synthetic 
products and petroleum derivatives, telephone, 
television, steam trains (railways) and the electronic 
tube… 



 - Electronic Numerical Integrator and Computer 
 - Transistor  

• ENIAC was created by scientists 
John Eckert and John Mauchly 
(1943-46), being capable for 
processing 5,000 operations\s. 

• Transistor was invented by 
physicists John Bardeen, 
Walter Brattain and William 
Shockley (1947). 

Source: ENIAC’s first programmers. U.S. National 
Archives Education Update 

Source: John Bardeen, William Shockley and Walter 
Brattain in 1948, Bell Telephone Laboratories 



Third Wave (1950- 2011) 
Improvements and new advances in the 
technological field began to encompass the field 
of advanced sciences, integrating them into the 
production system on a larger scale.  
 
Main inventions: personal computer, Internet, 
electronic decision-making systems and devices, 
laser, virtual reality, robotics, cellphone, 
genetics, biotechnology, energy matrices, 
telecommunications, customized softwares, 
information in real time… 



Fourth Wave (2011–2017)  
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Main advances: methods for productivity gains in 
crops focused on food, fibers and biomass energy 
production, technologies for the adaptation and 
mitigation of climate change, ecological vision, 
ethics and law.  
 

Main inventions: use of biomimetics, green 
chemistry, renewable energies, nanosciences, 
Internet of Things (IoT), artificial intelligence, 
advanced cybernetics and new materials. 



Fifth Wave (2017…) 

Linked to the concept of Industry 
5.0, which originated with the aim 
of filling gaps observed in the fourth 
wave.  

Seeks to recognize the centrality of 
humans in organizations and is 
related to resilience and prosperity.  



Recognizing:  

bioeconomy, intelligent creative action, 
automation with human beings in the 
environment and manufacturing area.  

 

 



Main inventions: cobots, augmented 
reality coupled with virtual reality, Big 
Data, smart 3D and 4D printing, general 
AI and integration, unsupervised 
decision systems, autonomous systems, 
use of cyber-physical systems integrated 
via IoT... 
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Resilience and ESG model 



19 

 “Without sensors, there would be no 
true data, no information retrieval, no 
oriented knowledge, as well as no 
interaction with nature by machines, 
and, of course, no automation at all.” 

Demands and opportunities  
- Sensors - 
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 Systematization of intelligent decision support and 
risk management processes with semantics specific 
to agriculture, robotized for operation in the air, on 
the ground and in water sources (continental, 
maritime and underground); 
 

 Structuring of 5G(+) communications, protocols such 
as LoRa, satellite networks, cloud computing, 
enabling mobile systems and integral, high-speed 
rural-urban connections; 

Trends for ST&I and Opportunities 
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 Methodization of advanced computational 
modeling, 3D/4D, Augmented Reality and Bio 
printing, enabling longer unsupervised operation 
times with lower maintenance costs; 

 
 

 Organization in logistics and its management 
through IAG efficiency, aiming at reducing 
operational costs and optimizing energy; 

 

Trends for ST&I and Opportunities 





  

Thank you all for the audience! 


