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sEna | CEA Enhancing aquaponic productivity through intelligent

Valle del Cauca
7AV Regional Office automation

Line: Intelligent Automation and Instrumentation for Process Optimization

Value Proposition
~Control S e Increased productivity in agquaponic systems
e Improved biological stability
e Reduced manual intervention
Technological Solution
e Real-time monitoring (pH, oxygen, temperature)
e Automated control of pumps and aerators
e Embedded control system
e Remote monitoring interface
Key Components
e Sensor network
e Microcontroller
e Actuators
e Monitoring dashboard
Impact
e Aquaculture producers
e Smart farming systems
e Training environments

Innovation and Competitiveness Area




se?u A | CEAI

TR | lledot Caues Aquaponics automation system architecture

Integration of sensors, automated control, and real-time monitoring
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Controlled variables Core functions Technical benefits
» pHlevels Real-time monitoring Increased system stability
» Dissolved oxygen Automated corrective actions Improved production efficiency

» Water temperature Control of water quality parameters Reduced manual intervention
Data logging and remote supervision Scalable architecture
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CEAI Valle del Cauca Regional Office

L
SENA

N Optimizing composting through intelligent automation

Line: Intelligent Automation and Instrumentation for Process Optimization

® Value Proposition
o — e Reduced compost maturation time
= e Improved biological process efficiency
e Better compliance with sanitary requirements

® Technological Solution
e Real-time monitoring (temperature, humidity, O,, CO,)
e Automated aeration and irrigation control
e PLC + HMI based architecture
e Data logging and process traceability

B Key Components
e Industrial sensors (PT100, humidity, gas sensors)
e Siemens S7-1200 PLC
e Frequency drives and actuators
e HMI supervision interface

® Impact

Agro-industrial sector

Organic waste management

Circular economy initiatives

SENA technical training environments

Innovation and Competitiveness Area

Automated N Automated W&
irrigation aeration system




SE?\IA CEAI

TN | Fomsne Composting automation system architecture

Integration of sensors, industrial control, and real-time monitoring

Field level Control level Actuation level Supervision level
Temperature Blowers /
(PT100) - - > ventilation
Siemens S7-1200 PLC systems

Humidity

Digital

| Irrigation dashboard
—’* pumps —
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: — Solenoid g _
Industrial communication L— | ® Alerts and
(Modbus / Profinet) e b T Time notifications
Variables controlled Core functions Technical benefits
Temperature (55-65°C) Eh[t)otg:t%%r g%’g"tig?]ntm' Scalable system architecture
Humidity (40-60%) Irrigation control logic Safe operation in harsh environments
Oxygen (>10%) Data logging and traceability Automation of biological processes
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Automatic Composting Pile Control System

@ Reduce Maturation @ Guarantee Food Safety

@ End-to-End Automation

Accelerating maturation times and guaranteeing sanitary compliance through precise industrial automation.

Architecture & Field Instrumentation

PT100 Probes
(-50 to 150°C)

7-inch KTP700
Basic HMI

Siemens S7-1200
PLC (CPU 1214C)
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Phase Management & Traceability

@ Pathogen Elimination Zone: >55°C for 72h

Mesophilic Thermophilic Maturation

Estimated Hardware Investment (CAPEX)

s 3
Investment Ticket

$2,900 - $3,800 USD

$2.1k - $2.5k
Sensors & Inst.:  $500- §900
Cabinet/Infra.: $300- 5500

PLC & HMI:

2 Automated PID

Aeration Control SD Card Data Logging

]
=]
_ &= (Full Audit Traceabiiity)
Emergency Cooling

(T > 65°C)

Drives & Actuators: $250 - $350

Implementation Timeline

12 Weeks
Design Assembly Commi;sioning
ClD):TDEl:) ”IJ O "“
Procurement Instaﬁation Go-Live

A NotebookLM




Inter-tree Communication Monitoring System  (sonietics appiied Research Project

An integrated hardware and software platform for capturing, analyzing, and visualizing
real-time biological signals between trees using edge intelligence and IoT.

The Scientific Premise The Engine The Outcomes
The Wood Wide Web 4-Layer Technical Architecture Strategic Impact & ROI
4 s oos h Climate Resilience: Connected forests
Layer 1: Data Acquisition g sequester carbon more efficiently. Understanding
Field sensors capture chemical, electrical, and network health optimizes mitigation strategies.

volatile signals from tree networks.

\———— 10T - MQTT - LoRaAWAN —8 species selection based on active communication

@ Smart Reforestation: Drives data-backed
nodes and stress-resilient traits.

s N Sustainable Agriculture: Biomimetic application
Layer 2: Event Processing @ of these principles reduces chemical fertilizer
Real-time noise filtering, data normalization, and dependency and improves modern soil health.

algorithmic pattern detection.
N Python - FastAPI - Rule Engine ——

5 . Partnership & Roadmap
Forests are not collecticns of isolated individuals; !.ayer 3 Tlme-Serles_: St‘orage. $20 000 p 2 Fu"_Time
they are cooperative, living communication networks. Relationall_spattlal databagt: for h'5:°2°?| readings, !
; imestamps, and tree metadata.
Through underground mycorrhizal networks, 3 $40,000 UsSD Developers
neighboring trees share vital nutrients and transmit “~————{PostgreSQL - PostGIS - TimescaleDB ————— Capital Requirement Resource Allocation
chemical and electrical warning signals.
( i = h 3-4 Months to MVP
By decoding this biological communication, we Layer 4: Multi-Platform Presentation
shift forest management from observing Web dashboard for researchers and an offline-first ._ ] o_ ] O. ] 0_ ‘ 0_ ]
individual trees to leveraging collective mobile app with intelligent sync for field technicians. 5%":;:;1' Ofﬂ?r:?-tF?r-st | cfg';:‘;gére sgi';;;f' Rig,’_'\“,:osrid
ecosystem intelligence. \— ‘Flutter (Dart) - REST APl —————— Backend Flutter Ingestion  Detection & Field
APls Mobile App Validation  Deployment
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sena | CEAIValledelcauca  ENhancing automalated fruit sorting

7AV Regional Office

through robotics and computer vision

Line: Intelligent Amtomatlon and Instrumentation for Process Optimization

iy ; J ] ]
! "W 5 A WNg ML N Value Proposition
| [ a8 _ = Enables automated fruit selection and classification
o K ' = Bridges training environments with real industrial applications
= Enhances learning in robotics and Al systems

Technological Solution

= Computer vision-based fruit detection and classification

= |ntegration of robotic arm with embedded control systems
= Automated pick & place execution

= Controlled environment for system validation

Key Components

= Robotic arm with gripper
Jetson Nano (Al processing)
= Arduino-based motor control
Camera-based vision system

Impact

= Robotics and Al training environments

= Smart automation education (Industry 4.0)
= Applied learning in embedded systems

= Technology transfer to productive sectors

Innovation and Competitiveness Area




sena | CEAI Valle del Cauca Robotic vision system architecture for

/A | Regional Office automated fruit selection

Integration of computer vision, embedded Al, and robotic control systems

Stage 1 — Perception Stage 2 — Processing Stage 3 — Control Stage 4 — Action
- < (" i) (i = ™
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a controlled ( ) controller

environment
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i i Signal

Motor control connectntor
Object detection/ logic < B
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5. pepisdlly e J e embé?:lrg:('ingo?\:roller
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Key functions System capabilities Technical benefits
 Real-time object detection » Configurable selection criteria (color, « Scalable architecture
* Fruit classification type, condition) * Hands-on training in Industry
» Automated pick & place execution » Repeatable and controlled operation 4.0
* Closed-loop control between vision * Integration of Al and robotics  Simulation of real industrial
and actuation automation processes

Innovation and Competitiveness Area



scna | CEAlValle delcauca ENhancing crop productivity through Al-based

/A | Regional Office disease detection and harvest optimization
Line: Intelligent Automatlon and Instrumentation for Process Optimization

Value Proposition

» Early detection of crop diseases

* Improved decision-making for harvestt timing
* Reduction of productivity losses

Technological Solution

« Computer vision-based disease detection
* CNN-based classification model (7 classes)
« Maturity stage identification

« Al-assisted agronomic recommendations

Key Components

* Image processing pipeline

* Deep learning model (CNN)

* Graphical user interface (GUI)

» Data logging and export module

Impact

» Agricultural producers (tomato sector)

» Precision agriculture systems

« Sustainable farming practices

* Technology transfer to rural environments

LILTATTATNAE
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sENA ‘ CEAl Valle del Cauca  Al-based system architecture for tomato

N

Regional Office disease detection and harvest optimization

Integration of computer vision, deep learning, and decision support systems

Core capabilities

« Early disease detection ¢ Multi-class classification » Harvest timing support + Al-assisted decision-making
1. Data acquisition > 2. Processing » 3.Almodel ——— 4. Output and decision
R 4 : S
- Results
- ‘ , W visualization =
" : b N > ﬁﬁlr — Confidence % |
\ extrac . = Diagnosis
S Optimized CNN deep s G
i ‘ o preprocessing 64x64 learning model _@x_portable reports &
Captures in either of field or camera, images (7 classes) " recommendations
G or controlled environment ) e ¥, & €
Core capabilities System components Technical benefits
* Early disease detection * CNN deep learning model (.h5) * Lightweight processing (optimized input size)
* Multi-class classification (7 classes) « Graphical user interface (GUI) * Fast inference for real-time use
* Harvest timing support « Image processing module * Local execution (reduced cloud dependency)
* Al-assisted decision-making + Data export module * Scalable architecture

Innovation and Competitiveness Area



RS CEANVE s S NG o Improving coffee quality and productivity

N

Line: Intelligent Automation and Instrumentation for Process Optimization

Regional Office through Al-based grain sorting

i s Value Proposition

grainsinreal _r </J e Improved coffee quality consistency

e Increased productivity in sorting processes
¢ Reduced manual labor and classification errors

Technological Solution
e Computer vision-based grain detection
e Machine learning classification (color, size, defects)
e Real-time sorting system
e Low-cost and replicable design approach
Key Components
e Vision system (camera + image processing)
e Machine learning model
e Conveyor and sorting mechanism
e Embedded control system
Impact
|5 e Defettive e Small and medium coffee producers
SngEEer beans e Rural agricultural communities
Good : . .
e Coffee value chain modernization
e Adoption of Industry 4.0 technologies

Innovation and Competitiveness Area
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sena | CEAI Valle del Cauca Al-based system architecture for

/N | Regional Office coffee grain classification

Integration of computer vision, machine learning, and automated sorting systems

Camera — Image processing — Al model — Sorting mechanism

" =

@ Data Acquisiton | @) Image Processing | | @ Al Classification O Sorting Action

eontoled Preprocessing . Machlr?]gtljglarmng Mechanical separation system

o tation :
lighting (segmen ) Actuators (air
filtering) jets or mechanical C%ﬁﬂ:} i

Controlled
lighting

Classification Confidence scores

Good beans Beans
Feature extraction i Defective
O @ V1 (color, size, Defective beans p oSt eNviagly - y
Conveyor bean dotgels) channels

Core Capabilities System Components Technical Benefits
* Real-time classification » Vision system (camera + lighting) * Low-cost and replicable architecture
* Multi-criteria sorting (color, size, defects) * Machine learning model  Reduced dependency on manual labor
+ Automated separation process  Conveyor system * Improved product quality consistency
« Sorting actuators * Adaptable to rural environments

Innovation and Competitiveness Area
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