Advances in Precision Agriculture

Integrating Chilean Agri-Food Sector to the new millennium
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Nutritious foods (fURCLGHAICHaraCLENStics)
High in antioxidants and other phytonutrients.

Healthy Food
Chemical waste (reduction -> Effectiveness,- Efficiency).
Microbial Health

Good Taste
‘ Taste maturity, visual characterlstlcs lite,
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. The technology WI|| mfluence the way of selllng |n the short term !!
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Whole Chain Assurance
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INVERSION

Increased costs in labor, raw materials and inputs in production
processes and energy, encourages the search for regions or field
zones of higher productivity and quality.

The necessity of increase the credibility and confidence in
national and international level in the quality of some products
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Engage and retain customers now costs more!!



Pr()% pINITA
Challenges to Latino American Agriculture

 Global markets, Local inputs
« Labor cost & availability
 Trade policies

« Consumer demand stagnant
» Retall consolidation




Actual Development Trends
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Homogeneous management is
sustainable?

Cantidad
Producida

Incremento de
la produccion

\ Incremento factor
i productivo en 1 unidad

Factor
Productivo
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Use technology to achieve greater
efficiency and sustainability




PROGAPInA

Evolution of Agricultural Technology

Agricultura de Precision (AP)

Agricultura Sitio-Especifica (ASE)
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PF Adoption of tools in Latin America

Adoption of PF technology v/s other technologies
The Argentinean Case
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Bolivia /
0
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Hassamiantalbannalania ~ A XA e a AL ST
Zona Geografica Sector Productivo Rubro
12 Cultivos Industriales Maiz, Trigo, Canola
Europa 29 Frutales Pomaceas - Olives
(Italia - Francia) 30 Viticultura Vifias
4% Hortalizas D& modo experimental
19 Cultivos Industriales Malz, Scja, Canola, Trigo, Cafla de Aztcar
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(Argentina y Brasil) | 3° Frutales Manzano
1% Cultivos Industriales Maiz, Trigo, Soja
America del Norte 20 Frutales Berries, Pomaceas. Carnozos, Frutos de Nu
(UsA) 3% Viticulbura Vias
19 Cultivo Industriales Trigo
Australia 29 Viticultura Vias
3° Ganadena Oving y Boving g2 Came
: i ’ ] ac
adora

== Superficie con Dosificacion Variable = Superficie con Guia Automatica




XN CONGRESS DN COMPUTERS IN AGRICULTURE
AND NATURAL RESOURCES
“Redocing risk and mproving nustamaddty
Son Jurs Cocts Biza Dweerity of Conss Fxs
SAN JOSE, CORTA RICA Ny T . 30% 204

S RN T O LA
WOV AVEL MU

1SOTeS C

SENE S e Iite "t
WAPSMATD I M RNED) JHJIJJ.J!«J

SHCUITOVO (nerramier
o wtt wmawt Ao g d e d
.

roauceion
e J—A-"-/.‘u}_J

Maai de Nonbmionta

Miph dorondimients



S WCCA | s ngeays e ®

— o COSTARXCA
/ : ! 1 4 Redocrg A3k and mpceng sutlaradity
Son Junh Cocts Bz Dweerity of Doty Bz
SAN JOSE, CORTA RICA Ny T . 30% 20 INFITA

TRANSFORMING DATA INTO INFORMATION FOR FARM IVIANAGEMENT

DATA Information knowledge Action

Information Application

Raw Sensor Integralt.e.and Associated with the Us;re Inltedgrafes
Data Contextualizing Data Experience nowledge:
Field Data T | text Knowing how and
emporal contex . I .
GPS Data P Field Prediction When to implement a

Geographic context

Computer Vision Recommendation.

EC Maps and point
Monitoring definition

3D Compaction and soil Maps Agronomiocal Knowledge Variable irrigation
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HOW THOSE TECHNOLOGIES TOOLS
HAVE BEEN USED IN OUR COUNTRIES
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Monitoring Plant Vigor and their
asociation with yield.
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Homogeneous generation of management zones

Refineingcrops management as required in the different zones

Plant Vigor
Segmentation
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i Resultados de Ensayo AP: N
Nivel Comercial

Productor 2

Variedad

Sun Downer

ha

'ha
Productor 3

Productor 4

VARIEDAD

medio

alto

OB Granny Smith

232.706

117.772

ha

4 .88

2.21

kg/ha

47 686

53.290

Pink L ady

105171

52.982

ha

4 88

2,21

fha

Productor 5

21.551

23.974

Variedad/ Vigor

medio

alto

87.831

138.601

1,20

1,79

73183

77.431

0.4282101

0.48899042
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Planos de Fe(’gilidad
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IDENTIFICACION DE MOSQUITA IDENTIFICACION REPILO
BLANCA

FECHA DE Costo
PRODUCTO| PRECIO DOSIS /HA | APLICACION | CUARTEL CUARTEL APLICADAS | Aplicacién

US$

20/10/2011 307.45

5/11/2011 ) 152.35

Hurrigane US$220/kg 2/11/2011 96.25
2/11/2011 45.1

3/11/2011 210.65

3/11/2011 . . 109.45
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Systems Implementation for Soil Moisture
Monitoring in real time
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Compaction profile (7.5, 35, and 53 cm) Field of Bio Bio Province.

Compaction curves (KPa)
Field Province Bio Bio
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Variable Rate Irrigation

Variable irrigation strategy

.

Solil Infiltration capacity

Compaction

Topography

Soil Texture
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Input Data IRRIGATION DEFICIT MAPS
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Steam Water Potential (Bar)
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Stem Plant Water Potential Evaluation Model (Z010-->2012)
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THE UNMANNED SOLUTION

ER ARALYZE CROPS
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Mode of Oper atior

*Right Plarming

UAV Applications

fagery from the Sunbelt Ag Expo UAS flighe
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Thermal GIS Application Development

Thermal Images
Capture

S i
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Image filtering

Processing of thermal
images into RAW format

Integration of Thermal
Images for Mosaic
development

d|Cuartel 692-4 697-1B1 636-5

p | Pot Xil Prom Real (Bar) 11,38 12,14 9,7 9,80 12,35
Numero de Puntos en
terreno 33 21 33 36 21
Pot Xil Prom Est (Bar) 11,27 12,62 10,61 10,84 13,19

Error Prom Estimacion
(Bar)

-0,5
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Soil Spatial
Variability

SPATIAL AND TEMPORAL WATER SYSTEM DELIVERY
STRESS MODEL

NDVI and
' IAF Maps

Stem Water
Potential Maps

Soil TAW and Soil
Moisture
Sensors Location




FERTILITY PROBLEMS

Desarrollando la agricultura del futuro

PROGAPIA
Input and output
A) Apparent soil electrical conductivity (ECa)
ECa from Veris
Shallow mS m-1
High : 259

Low: 31

B) Deginl elevation modcl map (ELE)

ELE from GPS
P High: 482 e

. Low: 437 m

C) NDVI map from GreenSeeker data
- NODVI from GeeenSecker

P s 00

. Low: 0011

NSI from NDVI

. High: 1.61
. Low: 0.29

Manejo Sitio identificar diferenciar interactuar personalizar

Especifico*
!?ﬂﬂlnm 5 T e



http://www.canalocio.es/imageshtml/aplico/barras.jpg
http://www.ideasparapymes.com/imagenes/articulos/diferenciacion.jpg
http://upload.wikimedia.org/wikipedia/commons/a/aa/Interaccion_de_los_cinco_elementos.PNG
http://www.matton.es/imagenes/jpg/ojo_pe0061722.html/lsok-1/sok-agriculture/browse-1/cat-C1/llsok-1

Digital Diagnosi
factors" g '

Differentiation
of harvest areas
and assessment
of land
management

EFFICIENT PRODUCTION MANAGEMENT

’PHDGAPINIA

OUTLOOK

OPTIMIZER

Risk margin

Plant Density

&

Fertilizer dose  Irrigation management

Predictions
— Climate (Dryland)
. Pprices

Direct
Injection

Controller
>
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Relationship Yield Map and fruit size at
harvest

-
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Fi gura 4. Pantalla de finalzacian de procesa (ver seccidn log ejecucion| del software de monitor de

rendimiento.



Vineyard Yield Estimation (EEUU).

Iuster count (hand
luster count (detecls

Berry Count
g 8888 3

g

5 10 15 20
Crop Weight (Ibs)
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Fg. 6. Graph showing our predictions of the harvest weight of rows in a
vineyard. Rows | to 4 have 24 Traminette vines cach. Rows 5 to 8 have 32
Riesling vines cach. Predictions are generated from the functions mapping
berry count to crop weight that were calibrated on data from other rows.
Our yicld estimates have a mean error of 9.8% of the weight of the row.
Producing yield predictions at this accuracy at the resolution of single row
surpasses the coarse sampling approaches currently used in vineyards.
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Tracking the evolution of fruit?
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Quality Management of Fruits
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Map Segmentation of Quality Grapes for wine.

N
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Results: , =
Type 2and 3: Wine B - i In E
Type 1l :Wine A /
Price differences USS 10 / bottle S

Surfaces:

Type 1: 0,53 ha
Type 2: 0,19 ha
Type 3:0.33 ha




“Digital Terroir”: Progress and
Understanding the Problem
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NDVI seasonal changes
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(b) iiDVl';remporada 2011-12

Figura 6. Variacion de indice NDVI para (1) analisis integradc de 3 temporadas para
segmentacion de predio en zonas de comportamiento similar (informe nov. 2011) y (2)
analisis de NDVI para temporada 2011-12




Comparative of Grapes Chemical
Quality characteristics and NDVI map

ndwi antosianos




Association of soil and plant variables with grapes chemical
guality characteristics
Topography NDVI Maps Exposure Maps CE Maps (EM38)

_Features Signiticance for Cabarnet Sauvignon
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Luminancia

Laboratory analyze

(under controlled lighting conditions)

Evaluacion del contenido de antocianos totales y Evaluacion del contenido de antocianos totales y
i Luminicencia

e e 1120 1140 1160 1180 1200 1220 1240 1260 1280 1300

Contenido Antocianos totales (mgr/it) Contenido Antocianos totales (mgr/It)

antocianinas tot (BpH1) Lineal (antocianinas tot (BpH1)) antocianinas tot (BpH1) Exponencial (antocianinas tot (BpH1))
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Advances in Detection and Control of
Weeds, Pests and Diseases




Weed Control

* Screening of weed detection
- Digital morphological characterization

.

(resistance)

;4 D | ‘—i”ﬁ:

I Yol | s 2 | I, VAN
3 =2,
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Recognition and dimamica growth species by
"image technoloy"




Weed Control

— Poor assessment of time and place of application

Automation:
L] L] L] L] Th F t f
Evaluating the objectives by UAV technology in weied”cgﬁirgl
. ’ . . in Cropping
combination with multi-and hyperspectral survey Systems

A  Weed-seedli ng map B Mature-weed map

...... b Exper mental S
) . .

. o'le o » weeds/m?2 .
. . . £l .
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Using UAV equipment for determination of
zones of varying degrees of infestation.



Weed Control

Retlectance

e Screening of plant resistant

- Spectral characterization "fingerprinting"
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Detection system for diseases in field crops
2011 | 2012 2013
14|16 |18 | 20|22 (24 |26|28|30(32(34 36

FORCE-A, KULEUVEN, CSIC, INIA

Example of multicamera sensing in vineyard conditions

Multispectral camera (R-G-NIR) RGB camera (Bayer)
DuncanTech 4100 J'\((:B-.'.’aff" )
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HyperSpectral camera

(400-950 nm) Leutron+SpecimV10E




2#)

Monitoring of Botrytis on bunches before harvest (pre-harvest) oot

Bunch disorders and diseases can be detected at early stages by measuring optical changes in
tissue and berries.

The changes in properties of juice and berry matrix (as water, sugar, acids content) can induce
modifications of reflectance-transflectance spectra and activity.

At early stages these effects are not visible to the human eye.

Botrytis
inoculation and IN LABORATORY
monitoring
developed
Thermal camera
S fed
® £ £ o
Q
z EE &8
cc £ a' o
Q © o c £
L T a5 Y
Point-wise spectral , a = 2
reflectance in visible ’ e @ o @
and NIR range = 1L ’


http://www.inia.cl/link.cgi/

Disease control

Plant Disease detection and control

a) Discrimination of susceptible plants to diseases
by use hyperspectral imagines; b) Robotic pesticide
application (source: crops Project INIA-EEC)

degree of infection: 90% degree of infection: 30% EVSuiae




Crop Monitoring
Quality conftrol
Automating processes
Anomaly Detection
others

Computer vision
technology




Precision Agriculture ‘monitor’

C—
pa— —

Remote Sensing
Yield prediction
(N, H,O, product)

Machine guidance
ield monitor

GIS-integratio praying DSS (meteo)
Vehicle- YSection control
Trackin a@ement software
N o
!. > Time
Tochnoiogy Peak of Trough of Slope of Fiateau of

: Infated D slllusionment Enlghidenmmnt Paodu;lwlty
TOOUST  gypoctatons ¢

Different PrecAg applications placed on Garters Hype Cycle curves
Variable Rate Application (VRA) 1s promising but must prove itself. Too many uncertainties still,
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Agribusiness companies without further

support to the productive sector and low
answer to producers.
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Business in technology services with
low technical level and not in the
Producers with low technical opportunity time required. Sales data
level support means brief and and not information.

very suspicious.

=
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Sector | + D + | without greater Machinery Service firms without much
linkage to producers. modernization and low efficiency in the

support to the producers.
Agrochemical sales companies without

real support (most of the time recipes)
and sales of higher margin product.
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Plataforma

Lost a lot of information in each season. Inadequate records (files,

paper). No spatial information management. Poor Management of
Resources
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Wearable tech for farmers: Google Glass




Future of Crops Monitoring
and Management
(Vineyard Example)

Integrated Vision

? - Wi
N Vi ™ v

Irrigation
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-

“u”iRemote Sensing

Variation of
management based
monitoring

(alert)/prediction. All
in a interactive
platform

Quiality
Spatial

Predictive
Models

R

g wheater
e | Close
; Monitoring

v
Harvest Map

Winemaking and Viticulturist
diagnosis
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Expected Benefit
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Diferenciation

Service quality
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Better Market
Opportunities

Trazability

Digital Integration
Information

Y,

s

Sustentability

Savings for better management
and efficiency



Future Expec’ra'rions in Agriculture
GrowTh in Robo‘ncs

Multi- robot system

Intelligent robot
Integrating with PF

Effect on labor shortage
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Automated Orchard Systems

Aut. System Monitoring Robotic Aplications  Mechanical Harvester
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The age of new technological convergences

The PF as a macro technological convergence

New technological, Economical and organizational paradigm :

We need to change from homogenizer logic into diversity logic.

Mutual empowerment. Advances in some technology drastically accelerate
others.

The different technologies must be "enabled" to work with others.

"Synergistic combination" of two or more generic technologies in the search
for common goals.

It clear that ICT integrated into the internet cloud will be the way to pull
down the different technologies in the hand of the final user but, those
development must integrate a social and technology issues, in order to full fit
the goal of real introduction.
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FRUTIC ITALY 2015 http.//www.aidic.it/frutic/
THE 9TH FRUIT, NUT AND VEGETABLE frutic@aidic.it
PRODUCTION ENGINEERING SYMPOSIUM
19-22 MAY, 2015 ~ MILANO, ITALY

The conference will be held in Milan, during the Expo Milano
2015 (www.expo2015.org) and IPACK - IMA (www.ipack-
ima.it), which present for the first time FRUITECH
(www.fruitech.it), an exhibition focused on processing,
packaging, preservation, and transportation technologies for
fruit and vegetables.
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TOPICS

*  Precision Agriculture in the orchard

* Sensors and Automation for orchards and transformation processes
* Logistics in the harvest and post-harvest

* Technologies for the pre- and post-harvest

*  The measure of quality

*  The equipment for packaging

e Sustainability in fruit and vegetables cultivation







