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Objetivo

Abordar as técnicas relacionadas ao uso de
sensores de alvos agricolas, especialmente
solo e plantas, para a obtencao de dados e
diagnostico da variabilidade espacial,
visando tratamento localizado via mapas
ou em tempo real.
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Sensores de plantas

... predominantemente opticos




Sensores de
planta

Ehlert e Dammer, 2006

- Frame

- Pendulum body

- Depth compensation

- Potentiometer

- Surface sensor rod

- Inclination sensor

- Drawing cable

- Electronic box
A.A.B.(C) - Linkage points
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Sensor de densidade Y M e

- Complete mass - 40 kg
de plantaS - Working width - 1.0m
- Voltage - 12V -
- Energy consumption - max. S0W




Principio de funcionamento
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WERNER, A. (2008)




Sensoriamento sem contato fisico (remoto)

(Optica)
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Niveis de aquisicdo de dados — essencialmente estimativa de biomassa

Orbital

B Aéreo (aviao)

Terrestre

Ativos!

Sensores de plantas
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Reflectance (%)

Distribuicao do comprimento de ondas eletromagnéticas
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Sensores opticos (plantas)




Sensores de clorofila
(absorbancia e transmitancia)

CFL1030

FFALKER




Sensores o6ticos diretos — transmitancia e
absorbancia (clorofila)
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Relacao dos medidores com Clorofila e Nitrogénio
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Clorofildmetros




Dualex’ 3 series

Medicao do contetdo de isoorientina em
trigo como indicador de deficiéncia de N

Medicao de conteudo de antocianina na
casca de “berry”

Correlacao entre absorbancia e contetdo
de acido clorogénico em folhas de tabaco
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A utilidade da refletancia na agricultura
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Regressao linear - valores de R?

Biomassa x produtividade S rodutividades
Soja Trigo Trigo
Areal Areal Area?2
Vermelho 0.420 0.578 0,095
Infravermelho proximo 0.500 0.594 0.103
NDVI 0.539 0.819 0.158
Produtividades S e :"N_D\_/I

NDVI - area 1 - Trigo

__________________ 0,00-0,12
| | I 1012-0,24
Trigo - drea 1 - th I °. I
o N 72185 B ggg - g 32
155-204 48 -
1204-258 I 048 - 0,60

2,58 - 3,05
B 305-475

NDVI - area 2 - trigo
[ ]0,00-0,15
0,15- 0,31
0,31-046

trigo - area 2 - t/ha
051-174
1,74 -222

2,22 -2,63 0,46 - 0,62
= 288 4112 B 062-0,78

NDVI -area 1 - Soja

o 7 0,00- 0,14
o F014-0.28

3,00- 3,36 B 0,28 - 0,43
W 3,36 - 3,62 B 0.43 - 0,57
B 362- 3,86 B 057 - 0.72

B 3.86- 654
Araujo; Vettorazzi; Molin (2005)



Sensores dedicados

Sensores multiespectrais passivos
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Yara N-Sensor




Yara N-Sensor




Sensores multiespectrais

Ativos

Yara N-Sensor




Sensores multiespectrais ativos

Yara N-Sensor




Active Sensing Head

xenon flash light (10 Hz) edge filter
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Sensores multiespectrais
Ativos (Crop Circle)

Pholodetecior  Phase .

Kilcroconimolier
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Investigacoes
£ ESALQ com cana
(2006)
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Medicéo de
duas elipses
de 3 m cada.







Um sensor por linha?
Um sensor por esteira?

3 esteiras independentes
AMARAL, 2014
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Como construir o modelo




Biomassa predita versus real para 2009/10 e 2010/11
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Nitrogénio predito versus real para 2009/10 e 2010/11
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Como construir o modelo

» Coleta das amostras:

* 30 pontos de amostragem

* Locais escolhidos com base nos mapas dos sensores a fim de aproveitar toda a
amplitude da variabilidade do talhao




Altura Observada (m)

Masa Seca Observada (kg ha')
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Modelo genérico de calibracao agronémica

Testes de respostas de N sao conduzidas para investigar a relacao entre valores do
sensor e taxas de N otimas

Conversao de medicOes de reflectancia na recomendacao de fertilizantes

Taxa de aplicacao de N (kg N ha)

100 Existe uma relag&o
90 | especifica para cada cultivo
a 1 Taxa maxima de N e estadio de crescimento,

com uma inclinagcao de

70 : aplicacdo que esta

60 I implementada no Software

50 I do N-Sensor
I
40 |
30 !
I
20 i
10 I

& ! Taxa minima de N
I | I T T T I T T

10 12 14 16 18 20 22 24 26 28

Valor N-Sensor
Yara
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Modelo genérico de calibracao agrondmica; ex: cereais
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Estratégia Yara com o uso do
N-Sensor para aplicacao de N

Dose média: 70 kg/ha
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Objetivo final

N application rate (kg N/ha)
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Objetivo final

N application rate (kg N/ha)
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Se as lavouras sao heterogéneas, a fertilizacao nitrogenada em taxa
variavel é a consequéncia légica

Curvas de
resposta de N
tem variacao
espacial

Yara




Outra abordagem para construir o modelo
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Amaral & Molin, 2015







Resultados dos experimentos com doses de N
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Relacao de sensor com biomassa

e ALV
A APA
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Amaral & Molin, 2015




Produtividade (t ha™)

115 -

105 -

95 A

Relacao das 85

leituras do

sensor com a 75 |

produtividade

da cana 65

Th~L
55 T T T T T T
0,14 0,17 0,20 0,23 0,26 0,29 0,32
Sensor de dossel (NDRE)
®PA y=1353,7x+29,5:R>=0.80 ORO Y =242.2x+29.4;R?=0,87
BAS y=299.2x+53,4;:R>=0,98 OAP y=1717x+47.5:R*=0.36
®CA y=2487x+17,3:R>=0.35 AVE y=-110,1x+86,5;R*=0,24
ACB y=184.9x+36.,0:R?=0.51 oCcc ¥Y=362,3x+9,2; R*=0,89
ONJ V=264.1x+16.7:R>=0.86 osI y=331.2x+28.7:R*=0.44
Amaral & Molin, 2015
a2 atAP




Possibilidade de estimar a produtividade
localizadamente através de valores normalizados

1,24 -
Areas
1,17 - e PD
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< ® CA
.‘E 1,10 A s CB
Tg A NJ
é 1,03 4 A RO
% ] AP
S 0,96 - B ¥h
= o CC
§ ¢ I
& 0,89 1 o PII
o PI-II
0.82 - X PI-llI
’ R*=0,535 X  JA-I
Gt ' ' ' ' ; ' 4 JA-II
0,75 0,82 0,89 0,96 1,03 1,10 1,17 1,24

NDRE normalizado .
Amaral & Molin, 2015
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O algoritmo

Valor de NDRE

Porcentagem de
N ja acumulado
pela cultura em

obtido para Produ?iv_idade relacdo ao total
' Sensor ~ ]o canavial
Napi=| 0.41 + NDREpe 0585 | x Pyt X Nj, x |1 —Dex
100
B NDRE,, 4 B
Dose de N Valor Recomendacéo
recomendada meédio do de N para a
para cada NDRE para producao de
leitura do todo o colmos
sensor de canavial esperada
dossel (kg t1)

Amaral & Molin, 2015
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O principio:
v' Aplicar mais N onde existem menos fatores limitando a
produtividade;

v Obtém-se maior chance do N aplicado ser absorvido;

v' Possibilidade de melhorar a producéo onde as
condicOes estao mais adequadas.

Amaral & Molin, 2015




Equipamentos disponiveis no mercado

Holland Scientifics:
CropCircle (ACS-430)
CropCircle (ACS-470)
Raptor ACS-225LR

AglLeader:
OptRx

SENSE ———» TRACK ——» MAP

Trimble:
GreenSeeker

Yara:
N-Sensor

Topcon
CropSpec

Falker
Flexum

Fritzmeier:
Isaria

ForceA
Multiplex

8 aLAP
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MULTIPLEX 2

4 fontes de luz (LED): 373 nm (UV), 470 nm
(B), 516 nm (G) e 635 nm (R)

3 detectores =>Fluorescéncia: Amarelo (YF),
vermelho (RF) e vermelho-extremo (FRF).
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Experimentos
ESALQ com trigo
(2006)
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Sensores de distancia (altura/volume de plantas)

Movement of the sensor

[Laser range finder

EHLERT et al., 2010
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LIDAR

Sensor a ultrassom




Suporte para
sensores a
ultrassom

Receptor GNSS

| B8 > LIDAR

SRR
'd'dl !\._L,N

Colaco, 2015
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Ultrassom
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Volume
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Volume
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Volume
=
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Volume
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Colaco, 2015




Colago, 2015
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Laranja

Colaco, 2016
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Colaco, 2016
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Canopy volume and height spatial variability and site-specific
applications in commercial orange groves

Canopy Volume Canopy Height
il . Py el Canopy Volume Canopy Height

Grove 1
Grove 4

Grove 2 Grove 5

16.2 57.4 m* 3.2 5.0 m

s P h ,' %‘-‘."
Dependéncia especial fraca,
Alcance entre 50 e 110 m

00,

Grove 3

Lol m Colaco, 2016




Canopy volume and height spatial variability and site-specific
applications in commercial orange groves

Classification of orange groves into different tree size zones

Grove 3

B Small trees zone

[ ] Medium trees zone

B Large trees zone

Colaco, 2016
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1 Hora Latitude
2 | 1,61E+19 -2.358.483.400.000.000.000
3 1616419
4 |1,61E419
1,61E419
6 | 1,61E419 -2.358.483.400.000.000.000
1,61E+19 -2.358.483.400.000.000.000
1,61E419
1,61E419 -2.358.483.400.000.000.000
1,61E+19 -2.358.483.400.000.000.000
1,61E419 -2.358.483.400.000.000.000
1,61E419 -2.358.483.400.000.000.000
1,61E419 -2.358.483.400.000.000.000
14 1,61€419
15 1,61€419
-2.358.483.400.000.000.000
+2.358.483.400.000.000.000

Silva, 2018
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Café

Karp et al., 2018
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Descriptive statistic of volume and height for Field 2

Mean Standard Deviation Median Minimum Maximum
Variables C.V.(%)*

m?3 (volume) or m (height) --------------------

Height 2.91 0.19 2.92 2.41 3.37 6.55

Volume 0.78 0.12 0.79 0.48 1.06 15.77

Karp et al., 2018
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Sensores para deteccao de verde — herbicida!
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Folheto Herbicat
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Visao artificial

Camera com frequéncia de 24
imagens/s para velocidades de até
1,43 m/s e pixels de pulverizacdo de
10,5 x 10 mm (de impressora de jato

I . \ »

0 griving

adirection
F

NORREMARK, et al., 2009

|

TEXTURE BASED
lSEG“EN‘YAT'DN

COMMAND
CLASSIFICATION LTRSS ™

CONTROL

MAGING 1 TEXTURE
SENSOR 7| COMPUTATION

JADJADI (1995)

Driving
direction

b)

Figure 3. lllustration of the image processing and virtual borders for triggering the dot-sprayer
valves. (a) cut-out image of the band of soil with green objects; (b) binary image of the FOV in
(a); (c) the 16 virtual squares of size 10.5 mm - 10 mm and centre line of image (dotted line)
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SmartAgri, 2019
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SmartAgri, 2019




Frequéncia (%)

Espagamento {cm)

Jos Instantaneos

SmartAgri, 2019




On board cameras that takes pictures of the
ground and automatically counts the number
of grains that were lost during harvest;

Cameras installed
behind harvester
platform

SmartAgri, 2019




Sensores que tem o produto como alvo

... Investigacao e
monitoramento da qualidade

Laboratteio de Agricaliua de Precisfe.




Principio de funcionamento

Light Source
o, )
|0 %, Bandas do NIR normalmente utilizadas
(R .
' ' ' 0ssf | | | ’ | ‘
IR Overtones Combinations
0.5 g .
0.45 o
451 N-
N-H
0.4} V'\l
035}
x OH _ NH
E ':'3' S—H
025}
0.2
0.15
0.1
12'00 1400 15'00 1a'cm 2000 2200 za:n-:)
Digman & Shinners (2011) Wavelength [nm)
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Medidor de umidade do material por NIR (espectroscopia)

HarvestlLab Sensor Na colhedora de forragem

Light Source
lo } % )
//
Iy
In the field, HarvestLab doesn't require calibration and can measure crop / / /
quality at material speeds of up to 40 m/sec. Thousands of measurements ~ Product

on average one analysis per 50 kg of fresh silage — make readings more
representative and accurate than with traditional methods.

Exclusive Cooperation between John Deere and Carl Zeiss

John Deere and Carl Zeiss developed the HarvestLab near-infrared
reflectance sensor because you cannot afford to wait over 24 hours while
a sample of your crop Is tested in a drying oven!

Carl Zeiss is the German specialist in lenses, optical devices and sensors
The near-infrared reflectance technology used in HarvestLab is the same
that many professional laboratories use 1o analyse crop moisture to an
accuracy of = 2%

Near-infrared light is reflected from the moving crop, towards a sensitive
detector inside the HarvestLab unit. Silage of different dry matter reflects
the NIR light at varying intensities, from which the moisture of the crop is
accurately determined

The HarvestiLab sensor can easily be converted into a counter-top forage
analysis lab with just a few components.

John Deere

8 aLAP
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Sensor NIR de
bancada

o

nLAP
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Outros semelhantes:

Class — mede por

eletrocondutividade Krone - mede por
mais temperatura eletrocondutividade




Monitor da qualidade dos graos — teor de proteina
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NIT protein, %




AccuHarvest

On-Combine Grain Analyzer

Sensor de proteina
em graos
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