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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 & sensoriamento

Funcao: produzir diagnosticos detalhado das lavouras, de forma indireta, porém
em alta densidade

* Os alvos?

— Solo

— Plantas

— Produto (quantidade e qualidade)
* Formas (remenclatura-dsual)?

— Senserlamente-remete
« Sem contato com o alvo terminologia recente:

_ s : T — SEensores proximais
(“proximal sensors”)

 Contato fisicocomo alvo _|
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“Proximal soil sensing (PSS) is the use of field-
based sensors to obtain signals from the soil when
the sensor’s detector is in contact with or close to

(within 2 m) the soil. The sensors provide soil

information because the signals correspond to
physical measures, which can be related to soils
and their properties” (Viscarra Rossel et al., 2011)
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Sensores & sensoriamento

de solo de plantas

Mede-se algum parametro fisico/quimico
gue indiretamente relaciona-se a um
parametro de mteresse
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Sensores de solo
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Condutividade Elétrica do Solo

FIGURE 5.1 Flow of electric current, /, through a
cylinder composed of uniform material with resis-
tivity , p. which produces a difference in an electric
potential. AV, from one end of the cylinder to the

other
ALLRED, B et al., (2008)




12 Via

Em camadas alternantes de particulas do solo e entre
os limites de suas solucoes
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22 Via

Através de solucoes do solo continuas

EsaiQl coeommdodeaps cuftiva de Frecisfo




32 Via

Atraveés ou entre superficies de particulas do solo

em contato direto
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Condutividade elétrica aparente do Solo (CEa)

Ha duas formas de se medir :

- Por contato direto
- Inducao eletromagnético




Resistividade Elétrica
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onde: p = resistividade elétrica (Q2.m)
R = resisténcia elétrica (Q)
A = area da secao transversal (m?)
L = comprimento da amostra (m)

Runyan, 1975
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Condutividade Elétrica

onde: o = condutividade elétrica (S m)
p = resistividade eletrica (Q m)

Runyan, 1975




Testando a ideia

1999

| Simulando discos
de corte de

semeadoras
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Resistividade Elétrica

_A.dV
| dx

0

onde: p = resistividade elétrica (Q.m)
I = corrente elétrica (A)
A = area da semicircunferéncia (m?2)
dV/dx = relacéo entre a voltagem e a
distancia entre os eletrodos

Runyan, 1975

EsalQ Laboraiivio do Apr cuftiva de Frecisfo




Resistividade Elétrica

Para dois
eletrodos sem
area — apenas

2=

_A_dv

dx

a distancia (S) S
entre eles
ELETRODO A ELETRODO B
Runyan, 1975




Resistividade Elétrica

V
I

o =27 -

onde: p = resistividade elétrica (Q2.m)
V = potencial elétrico (v)
I = corrente elétrica (A)
S = distancia entre os eletrodos (m)

Runyan, 1975
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Resistividade Elétrica

Arranjo de Wenner

ELETRODOS
Para quatro
eletrodos sem area —
apenas a distancia
(S;) entre eles

Runyan, 1975
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Terrometro

Gimenez, 2013
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Arranjos de eletrodos:

Diapolo-Dipolo
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Gimenez, 2013




Braga (2002)
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Lund, 2006
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Fixed electrode soil
electrical
conductivity
measuring was first
developed in the
1920’s by Conrad
Schlumberger in
France and Frank
Wenner in the
United States for
deep geophysical
investigations.

Jim Rhoades at the
US Salinity
Laboratory in
California first used
the technology in
1977 to investigate

~ near-surface

agricultural
features.

Prof. J. P. Molin



http://agron.scijournals.org/content/vol95/issue3/images/large/455f6.jpeg
http://agron.scijournals.org/content/vol95/issue3/images/large/455f6.jpeg

Sistema sensor por contato
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Sistema sensor de condutividade elétrica do solo por contato

nlLAP Prof. J. P. Molin
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Método por contato direto

[ hirection
of Travel

ALLRED, B et al., (2008)







SSOCTRE MuCEP® (MUIti Depth Continuous Electrical Profiling)
| ) ¢ Resistividade elétrica (Qm) Geocarta (Franca

R *ﬁ,

'J 'k

: AMP@ (Autamatfe gnetch ;@%) o~
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http://www.geocarta.net/eng/eng-2008/technologie/amp.html

Sistema Geocarta de resistividade elétrica aparente do solo




Resistividade elétrica
Geocarta (Franca)

profundidade 0-0,5 m profundidade 0 -1 m profundidade 0 —2 m
8 aLAP



AN PP - LR T

L

ESALQ Departamento de Eng.

de Biossistemas. 12/12/2013

-

W TR A - NPT

WANANA T AR

gt iy samr =0

TN | ACaAmEN | seadewnie
100-Lanebaalmn
(e o ane
Pl s
|5 eiom
| s
G Al

O PR I - T

WA RN

of -

rivadbec

L DS

Cuiw CemEn)

A WA R

Sdt e

=

Uy it

2 B o

WIEEREN A WE4ny

Fatm

3

Moo

o AREARIL AT M

u

=0

Cvomwe

v iy peary Curiw CEMEO = St e
PTCAVS | ACBARBAN | Swad e Fivedae
" of - = e fra=isy rotgs ~ .
| 25 3onatiosim GO TR AN § A Ol R =X 2¥ BEH

LR S TEET S

O TR A - DR N

Uyl Fatm

w [ ) ASCAIPICIACE M T3S

2

o«

.‘”

Mamobs Cvos e o

W L BREN A W4 on

g oy samry =90

L
| 2 Lonatn e
LR STEE T

Fivabbee

QN

e
151 Leism
| 2 .S
SJURELT I 2
= Mokl oa .
e 2 .
Mokl o .
el A
T rprT——
- o9 9 T U
osP

L

Esa1Q)

nLAP

Laboratteio de Agricaliua de Precisfe.

Cuim Cemen)

ARANE $ A Ol &

= R ]

'-‘,.-

Fatm

Moo

KRR IANCT P TN

Cvom we e Ly sy Curiw CEMMO) = PR
preivs | Acammsan | swadesie  wirebbee
“ of- = R T R e e 5 -
[ G Q@ ITHE R widg|a 0 k3 5B,

LR ST

Uy it Pt Moo

w B b AREIPILANC ST IASS

Cvomwe

O R



Veris

LAP - ESALQ 2014
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IScan

trica

mais sensor de condutividade elé

Sensor optico (duas bandas) para estimativa de matéria
organica

Veris Technologies
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Método por contato direto

- ———

‘-- ——
Array offset: R=| = 5.0, R=2

Rx = receiver P = potential dipole = 5 m
Tx = transmitter . = current dipole = 5 m

-—
— -
-
2

= 7h5. BR=3 = 10.0m, k=d = 125 m

S = separation (rope) = 1.5 m
F = distance between GP'S & array

4.2 m

ALLRED, B et al., (2008)




http://geometrics.com/geometrics-products/geometrics-electro-magnetic-products/
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Perfil de CE com varias pontas




Sistema Geophilus

Current _
injection Potential
electrodes

DGPS

Min. Spacing
|=0.5m E
" . A . A
OO OO, U A distancia entre os pares de eletrodos
% define a profundidade de investigacéo
< 8
i I i 3 e Y 3 %
4 > A

Max.dipole spacing | = 2.5 m

Boenecke et al, 2018




Sistema medidor de CE por contato (manual)

LANDMAPPER® &la

Enlight cpo R R (e N
- e "% L pd. v B 3 =5 \

e

4
* Portable

* in-depth
Q my/S mY/mV !

A @
CE [é

= LandMapper ERM-02

apper-erm-02-new-handheld-ecersp-meter



http://www.landviser.net/content/landmapper-erm-02-new-handheld-ecersp-meter

Mensuracao por inducao eletromagnética

Transmitter Receiver
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Induced current flow in soil

CORWIN; LESCH, 2003
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Detectores de metais... e de profundidades de impedimento (solo)

Dualem.com

de Agricufiua de Previsfe.






ELLETRO 1

Sense your soil

Geoplanta.com.b

http://www.geophysical.com/profiler.htm ' | Profilr EMP 400

ALAP

Laboratteio de Agricaliua de Precisfe.






O\O 50 ® ...
; [ S 2
£ 40 oo
o ° ..
o 00
&N 30 ®
& | e a@
= 20 "
oy ® = 1.0348x + 20.236
< 10 il i
R“=0.8585
0
0.0 10.0 20.0 30.0 40.0

CE - mS/m

F Araujo, 2019

nLAP

EsaQ! Labaratorio de ApHuliur de Previsis



Topsoil Mapper (TSM)

www.geoprospectors.com
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Em38 vertical mode
— — ' Veris shallow reading
""" Veris deep reading
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0.75

Depth, m

1.25

I |
0 2 4 6

Relative response

1.5

Relative response of ECa sensors as a function of depth. Responses are
normalized to yield a unit area under each curve(McNeill, 1992 and 1980).
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Experimentos de laboratoério

Misturas
@ homogéneas

®

.....

Lick et al. (2003)



CE e textura

water content

1 EC [mS/m]|

4 18%
®10%
Q@ 6%

® 4%
B 3%

Clay content [mass-%|] Luck et al. (2009

Misturas homogéneas

ALAP
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CE e umidade

EC [mS/m] texture
| N | @ sand
Fluid conductivity 4 “ 1% clay
l & " 5% clay
& * 1* 10 % clay
A 15% clay
v 20 % clay
® 25 % clay

Surface g
conductivity @&,

p~1.7 glem>

R EX RS RS E S8
8§ 10 12 14 16 18

Water content [weight-%|

Lick et al. (2003)




Uses of EC Maps

Use

Soil Properties Estimated

Delineation of management zones

Soil texture, organic matter, CEC, drainage conditions: Soil
factors that most influence yield, particularly plant-available
water content

Directed soil sampling within more accurate soil boundar-
ies

Soil texture, organic matter, CEC, drainage conditions

Variable rate seeding

Topsoil, CEC: Soil factors that most influence yield, par-
ticularly plant-available water content

Variable rate nutrient application based on soil productivity

Depth to claypan subsoil or parent material, soil texture

Variable rate herbicide application

Soil texture, organic matter, CEC

Interpretation of yield map

Soil factors that most influence yield, particularly plant-
available water content

Fine-tuning of NRCS soil maps by refining soil type
boundaries and 1dentifying unmapped inclusions

All so1l factors

Guidance for placement and interpretation of on-farm tests

All soil factors

Soil salinity diagnosis

Electrolytes in soil solution

Drainage remediation planning and placement of iron (FE)-
tolerant varieties

Water holding capacity, subsoil properties, water content,
salinity

Grisso et al, Virginia Tech

B




Alguns resultados de
Investigacoes feitas
no Brasil




Condutividade
elétrica do solo por
contato

Trabalho realizado
em 2002 no Parana

1 0
Teor de argila (%) Condutividade elétrica

I 8.071 - 19.61 0-30 cm (mS/m)
19.61 - 29.75 112-3.42

B 29.75 - 36.01 5 e

B 36.01 - 49.76 B 6.92- 11.84

@ aAlLAP
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CE do solo por contato e relagdo com agua do solo,
textura e variabilidade temporal - Trabalho realizado
em SP e PR, em 2003 e 2004 (0a0.3m)

2003

Teor de argila (%)

LI o 00 250 150 400

CE (mS mY) Umidade do solo (%) Teor de argila (%)

CE (mS m?)

* Umidade do solo (%)
S

e

area 1

MOLIN & FAULIN, 2011




2003
é ~ CE (mS m)

14

CE (mS mY)

2004

CHEE T W
CE (mSm-1)

(0 a2 0.3 m)

Umidade do solo (%)

Ve e s Y
Umidade do solo (%)

Teor de argila (%)

N\

20 N TSN 28

Teor de argila (%)

area 2

MOLIN & FAULIN, 2011




Regression analyses between EC and soil moisture and

clay levels
Moisture level Clay level
Field Year r° F r° F
1 2003 0.77 * 0.73 *
EC 2004 0.74 * 0.72 *
5 2003 0.04 * 0.00 *
2004 0.09 * 0.00 ns

* F test, significant at p<0.01; ns = F test, non-significant (p>0.01)

MOLIN & FAULIN, 2011
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Areia (g kg ")

600
|

500
|

Areia = 939 -62CE,
RMSE =37,7 gkg '
R?=0,92

Argila (gkg ')
300 400

2?0

100
1

Argila = 27 + 52CE, .
RMSE = 38,8 gkg '
R?=0,88

T T T T T

3 4 5 6 7
CE,(mSm™")

Argila (g kg-1)
150 - 200
200 - 250
= 250 - 300
= 300 - 400
= 400 - 650

Argila (g kg-1)
40 - 80

= 160 - 300
0 250 500m

Argila (g kg-1)
40 - 80

= 160 - 300

Borba et al., 2015
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CE e a agua no solo

Producio de massa (seca)
(tonne/ha)

B 555 - 21.74 (27.38 ha) M 6,19 - 11,14(20,66 ha) Condutividade
Z.34 - 3.53 (36 47 ha) 5,68 - 6,19(21,96 ha) l:' 1218
1.66 - Z.34 (35_85 ha) 5,20 - 5,68(22,04 ha)

1.20 - 1.66 (35.84 ha) 4,68 - 5,20(22,10 ha) I io-23
| 0.87 - 1.20 (36.61 ha) 4,08 - 4,68(22,19 ha) - 2.3-29
| 0.8l - 0.87 (37.01 ha) 3,15 - 4,08(21,79 ha) 59 .42
B Cseane Gaeip (AR W 0,01 - 3,15(20,00 ha) i co-4

B
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Vehicle engine load during sowing

EM38h Engine load
(mS/m) (%)
.- . s
B -5 B oo+
B 51 - 00 [ es-60
[ e1-7 [ Jr-75
[ ]72-81 [ ]7e-80
[ ]e2-91 []e1-85
[ 92-102 [ 690
B 103- 112 B o1 -5
B 113123 B s - 100
B 12¢-133 B o1-106

"@' w E
0 125 250 500 @ 0 125 250 500

T —\letres s Metres

Soil ECa measured using EM38h Engine load (% of total power rating)

Data supplied by Rupert McLaren, McLaren Farms ‘Glenmore’, Barmedman, NSW




Radar de penetracao no solo (GPR)

| .ll')'\l‘l \ 5
GPR system N A ' TS
\ | )
DGPS receiver - g, { Lisplay
. ) \ “ 5
DGPS A ] 3 '
=G .
antenna | — ' £
] ‘ \
) | | / ) ‘
v;'.“/ — ‘.e_';‘a

‘ »
o i ko\lm.ml'

| N\ 200-MHz (
| 7 : ~ GPR antenna ‘

ALLRED, B et al., (2008)




Radar de penetracao no solo (GPR)




Sensores para
guantificar o estado de
compactacao do solo

Laboratteio de Agricaliua de Precisfe.



PenetrOmetros
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Penetrometro de Impacto

CJ




Penetrografos




Penetrometro hidraulico-eletrénico

MASSEY FERGUSON
POTENCIOMETRO LINEAR

=

HASTE E PONTEIRA
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» 1 »
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nu—mmwamm
C 1918

152 (IIMI

2+28% (15ha)
2538 @4

10 cm

ic ga

profundidade 026 m (MPx)
1-15 (24ba)

15-2 (78w

2+-28% P2y

2538 0.2

00 0 20 Meters

25 cm

i ga profundidade 0,40 m (MPa)
[ 1-15 @oha)

15-2 Eaba)

225 (B6ha)

25-385 @3 ha)

40 cm

h‘lmlﬁmlﬂm
1-15 ¢S

15-2 (17.".)

2+25 52ma)

25385 @1ha)

15 cm

I

i ga profundidade 0.30 m (MPa)

1-15 (21ba)
15-2 (175ha)
2+-25 P0okay
25358 (11ha)

30 cm

0.20 m (MPx)

1
15-2 (178
2+-25% (A6

2535 0.0 ha)

20 cm

ic ga

profundidade 0,36 m (MPa)
1-15 (tama)
15-2 M27m
2-28 @ima)
25-385 (1S5ha)

35cm

a brme

Evolucao da
compactacao
no perfil




Capnoasy dy Praduilyickiels — SOL QCESB

¢ Principals Caracteristicas Comuns: Fancelli (2016)

a) Correta Distribuigio de Plantas (ponto de honra),
b) Adubaciio equilibrada e de acordo com a expectativa de
* produgio (excesso nio implica em altas produtividades),
) A de compactaciio (<1,5 MPa/dm’; adequado = 1,0 MPa/dm’)
) Na camada de solo (0-20 cm): V% > 65% e CTC > /cmol, dm?
) Na camada de solo abaixo de 35-40cm:
i (i) saturagdo por bases (V%) acima de 30%,
(ii) saturagdo de calcio acima de 20% na CTC efetiva;
(iii) valores absolutos de cdlcio acima de 0,8 cmol /dm’ e
(iv) pH, em CaCl, superior a 5,0
) Uso de biorreguladores ou bioestimulantes foliares.
) Sementes grandes (6,5 ou 7,0) e com alto vigor (>85).

-

/ tisfatério das plantas, representado pelo aprofundamento e adequado
uncionamento das raizes, além da maior tolerdncia a condigdes de
Fancelli (1015) Sestresse e manifestacdo de alta produtividade.

hned“ml‘l vk Fonte: Banco de Dados CESB (2016)

de Agricufiua de Previsfe.



Penetrometros de coleta
eletronica de dados
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Falker, Show Rural 2011
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Soil compaction sensor systems

Y

Iil

Y

Water content Soil strength Fluid permeability
sensors Sensors sensors
||
¥ ¥
Draft and vertical Soil profile
force sensors sensors
¢ R A
Bulk soil strength Vertically actuated Tip-based Tine-based
Sensors sensors sensors sensors
|
l l " !
Vertically- Single-tip Multiple-tip Vertically
operated cone horizontal horizontal oscillating
penetrometers sSensors Sensors Sensors

ADAMCHUCK; HEMMAT; MOUAZEN, 2008

¥ ¥

Cantilever beam Direct load
Sensors Sensors

o ALAP

e
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Evolucoes na forma de se
guantificar o estado de
compactacao do solo

Travel direction

h

=

—
=
Soll <
resistance _...,"

force <
#
-

ADAMSHUK, 2002

Strain gauges

Cutting blade

=
A

|
EsalQ Laboraiivio do Apr cuftiva de Frecisfo




Un. de Nebraska, EUA

Discrete Model Palynomial Madel Linear Model

Strain gages

-

Apparent
soil surface
- ‘»\‘
N,

LI

Travel direction
 — UML (Lincoln, Mebraska)

B

AP
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Silsoe College, UK

Uppsala, Suécia










de Agricufiua de Previsfe.



Haste3
m 0.08-0.6

m 06-137
1.37-1.7
1.7-2.06

m 206-2.89
[ ] (12.1ha.)Field Bomdry

100 Meters




Preparo localizado do solo - Escarificador de movimento vertical

Amazonen-Werke

"

s

ES KW

WERNER, A. Vol3henrich, Sommer (2001)

e o o -~ [«)
Sal L . °
e | DGPS-
: controlled
o HY Ly
. e A3 <P 2
> g &R

K\
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» tillage depths



Preparo localizado do solo - Escarificador de movimento vertical

Amazone Centaur

WERNER, A. (2008)




Saving of diesel-fuel with site specific soll tillage
- chisel plough — (in Twlpstedt)

' 7 3 -
A 1| A 1

W @' 't
deep shallow | deep shallow
(run 1) (run 2) (run 3) (run 4)
Length of
s i) 422,3 416,5 420,1 424 4

Fuel consum-

ption (I) 3,18 1,50 3,02 1,35

| Fuel consum- .
(EEYan @] = | -

WERNER, A. (2008)  Vof3henrich, Sommer (2001)

A /
= 52% reduction
4 ALAP
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Sensor acustico para deteccao de camada compactada

-

i
?

| ]
.

Un. of lllinois




Reference

Eletroguimicos

Indicator
Cations

&
o K*
 Na*
Anions
ISE
-~ \ . NO3_
* HPO

« H,PO 2

Analyte
lon-selective electrode setup

Dhawale, N. M. (2015)

EsAiQ
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Protétipo de um sistema sensor de pH (eletroquimico)

Antena de Computador portatil

PGPS Ry — =  Reservatério de agua

8 N Valvulas de
R , controle

: Regulador de
.~ profundidade

Disco de corte Mecanis mo amostrador

ADAMSHUK, 2000




Sistema sensor de pH

...6 0 mais proximo do conceito
de laboratério no campo

Laboratteio de Agricaliua de Precisfe.




Sensores eletroquimicos

N,

A amostra € empurrada
contra dois eletrodos de
pH que fazem a leitura

LR .

O amostrador desce até o solo







£
i

o







Dados de testes em 15 talhoes (328 amostras), entre
2002 e 2004

o
o

o
o
|

r°=0.81

N
o

o
o

e~
o

On-the-Go pH Mapping
o
o

3.0 4.0 5.0 6.0 7.0 8.0 9.0
323 Lah Sampl'E'E Veris Technology




Legenda Legenda
Bl 6.61
[ 6.86 641
7.11 6.56
W 7.35 W 6.72
B 7.60
400 m 100 0 100 20 300 400m
[ - e— S—




A) 75 B)8.0 , 1/C)8.0 ’
. . y =0.929x + 0.1427 e y =1.0613x - 1.3721 .
. A R?=10.81 ’ 7.5 R?=0.83 .
7.0 7.5 : . Pt . . e
. o 4 R B Linear Adjust s ~70 ~-Linear Adjust ,’
o 4 | Q --1:1 o & 3 --1:1
g O . =70 [ 365 o g
% 4 'g /,. . L N ] ; /’ L .q’.
S— u / : L4 ,-" L
T 60 ;65 /I . 3 60 /’/ .
- . & S0 I55 S e
7 e '.'-l . Q - ’ 20
+ H20 60 AV, , e
a CaCl2 - R MAE: 0.18 5.0 , ._ MAE: 0.15
e on-the-go /e .’ o
T T T T g| ( T |) 55 T T T T 45 -+ T T T T T T \
1 3 4 5 6 7 8 9 55 60 65 70 75 8.0 45 50 55 6.0 65 7.0 7.5 8.0
Mg ha' of lime pH on-the-go (MSP) pH on-the-go (MSP)

Relationships between applied limestone and pH determined on-the-go

and in-lab using H,O and CaCl, methods

Eitelwein et al. (2016)

)

537
25




Sensor Output (mV)

Influéncia da umidade em lon Seletivos (ISE)

Se a umidade do solo é um fator que influencia a resposta do ISE, é necessario
conhecer o teor de umidade para calibracédo de modelos.

Solos de regides
temperadas

Field Moisture Content

M
o
o

- N
S 8

\ 1:1 Soil Solution

* ' :
[$eteten, P

T ¢ Soil 1 mSoil 7 4 Soil 20 -

L b L
1 T |

0 0.25 0.5 0.75 1

Gravimetric Water Content (g/q)

I I »

0%

Solos de regides

tropicais

20%

40% 60%

80%

100%

$

Agua (g) / Solo (g)

Laboratteio de Agricaliua de Precisfe.
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Recentes evolucdes em sensores eletroguimicos

ISFET — “lon-sensitive field-effect transistors”
MOSFET — “metal oxide semiconductor field effect”
IGFET - “insulated gate field effect transistor”

*Sensores com potencial para uso agricola

*Desenvolvidos para medir concentragao de ions em solucdes
*Quando a concentracao de ions muda, a corrente atraves do
transistor muda proporcionalmente

1: reference

2: gate oxide

3: insulating resin b)

4: channnel

S: source

D: drain

B: bulk Ugg ?E
a) solution

. 3 3
‘H’gs}?
T "-i‘ i T : = - = = ]

B

il
VIIJ" Vdr
MDSFET ISFET www. csrg.ch.pw.edu.pl

ol
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http://csrg.ch.pw.edu.pl/

The University of Sydney
(Sydney, Australia)
JTI (Uppsala, Sweden)

Soil preparation |
and analysis unit

Equipamento semelhante na Suécia
(2005)

Soil Senso

Waived sampling disc
ADAMSHUK, V.1., 2008




Espectrometria de
raios Gama

Os sensores de raios gama
medem as concentracoes de

232Th, 40K, 238U and 137Cs.

O equipamento mede algo
como 800 pontos/ha

=1

nLAP

Laboratteio de Agricaliua de Precisfe.

THE MOLE
www.soilcompany.com

LOONSTRA, E, 2008
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Clay contentin %

Espectrometria com
ralos Gama

120654

L =8

BD T * i 2338 g -p'.g. Zex ST ey
90 1 232Th turned into clay
D } E
0 y = 0.9902x + 8.1695
R* = 0.9624

.D n
1m0 %
E' T T T T T T

0 10 20 30 40 50 60 70

Th232 in Ba/kg

i 232 i
Correlation between <3<Th and clay in Sweden LOONSTRA. E, 2008

8 aLAP
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Optica aplicada a
sensores de solo

http://www.clw.csiro.au/services/mir/what.html

ALAP

Laboratteio de Agricaliua



Reflectance (%)

Distribuicao do comprimento de ondas eletromagnéticas

60 - Visiblei Near IR IR Short Wavelengths
504 Soil

40-

30 . Green Vegetation
204

—
o

Water

| I | T I T T I | i
05 07 09 11 13 15 17 19 21 23 25

wavelengths(um)



Algumas das técnicas

ViS — regiao do visivel
NIR — infravermelho proximo
MIR — infravermelho médio

LIBS — laser induced breakdown spectroscopy
Raios X

INS — inelasting neutron scatering
ITU - TeraHertz

aaaaaaaaaaaaaaaaaaaaaaaaa




Kenia, Africa
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Espectrometria MID
RaioX
Eletroquimicos
) e d 1]

' - Um bom banco de dados
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P Video of the Lab-in-a-box in action

‘1\" .l '
’

-

s s A A T e AT i et Y

http://www.soilcares.com/en/products/lab-in-the-box/




This is all you need

The SoilCares scanner is delivered in a durable

case as a complete set. Download the app on

your smartphone and start scanning!

1. A charged SoilCares Scanner
2. A smartphone with Android 4.3 or higher
3. The SoilCares App installed

4. A mobile internet connection

Charger and USB cable are included

http://www.soilcares.com/en/products/scanner/




SoilCares @




ConBAP 2016
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Soil core collection Soil core

Working Group on Proximal Soil Sensing (WG-PSS) Newsletter — Issue 2 — March 2018

Depth (cm)

Wavelength (nm) 3 =
500 1000 1500 2000 In-situ spectra collection

Laboratteio de Agricaliua de Precisfe.



Sonda multipla




Sonda multipla

Gen.2 Penstrometer Gen'3 Penetrometer

Resistivity
Resistivity

Moisture

Color

Sleeve friction

Tip force

AMS-JD, 2007

>0

aLAP
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Trimble, Agrishow 2015
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Espectrorradiometria de campo

TO COMPUTER
{:OOU

>

STRACTOR ()

-

DIRECTION
OF TRAVEL

CHRISTY, 2007

o
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i Espectrorradiometria de camp

2E- I - 1 ! ! 1 1 ! 1 4 1 1 1 1 1

’ . s v
s »\ﬂ’"q
R
f’-
Fal —

* \ X 24+

VIS-NIR - 200

-+

o=

.2

Dty ' L) ' ' I ' | (i " ' ¥ " | | i i (i v { § i
F m.'ummamwumrmumlmﬁ:}mlm:m:mum:mmmmmm
Spedia

Ferramentas de analise dos dados:
- Analise de componentes principais

- Agrupamento com légica fuzzy

sensor
- calibracéo para a propriedade
especifica

- limpeza de dados

- regressoes parciais

- validacéo cruzada

VerisThecnologie

>0

nLAP
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V|S-N|R Correlation to soil tests

1.00

0.90

0.80

r =1

A
OKS

0.40

0.30

0.20

0.10

0.00

Lab tests

ey Mirror ’//< .. : ; ’ \\Q Veris NIRS and Lab Analyzed Carbon
// 3 \ /i\ . /lamp
'/\\( AN ARNRRRRNARNN

.\

SN\ ===1
N 5
\ S * \ AN \\:\ E‘
\\ oy / 4 \ j= g
I S ( ire Fiber / =
3 S L =
VerisTheenologie Vista de baixo do sensor .
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Espectrorradiometria
de campo

SHIBUSAWA, 2008

Optical fiber for
visible reflection

Laser line
marker
Shank

OHG camera

Optical fiber for
NIR reflection
NIR

. thermuonmeter
Lrator tp

/')'
Soif fattener  Sodl surface  Optical fibers for
illumination

nLAP

Laboratteio de Agricaliua de Precisfe.



Espectroscopia vis-NIR difusa

Condutividade
elétrica

[ Lampada halégena |

( Fibra éptica |

Haste de

Leituras

espectrais

N
4 d Janela de

»- safira

halégena

P

8 aLAP
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‘ .“ X '. . .
Medido

[]5.51-6.00
[15.01-5.50
 4.51 - 5.00
B 3.51-4.50

'~[|2vio]

9 10.1-11.0

@ 9.1-10.0
[ 81-9.0
[ 71-8.0
[]61-7.0
] S5.1-6.0
[ 0.0-5.0

R209O

1 CTC

[ 20.6 - 25.0
@ 19.1 - 20.5
17.6 - 19.0
[716.1-17.5
[]14.6 - 16.0
[113.1-14.5
[10.00 - 13.0

R? 0,89

————

e —————— gyl e

Est| ado

S

bEstimado

Estimado

P

mm 100.1 - 120.0
B 80.1-100.0
B 60.1-80.0
m 40.1-60.0
@ 20.0-40.0
[ 10.1-20.0

7 0.00 - 10.0
R20,72

Umldadg

m 35.1 - 40.0
mm 30.1 - 35.0
mm 25.1 - 30.0
B 20.1-25.0
@ 15.1 - 20.0
[7710.1 - 15.0
7 0.00 - 10.0

R?0,93

Estimado

:Medido

mm 0.181 - 0.200
m 0.161 - 0.180
g 0.141 - 0.160
[ 0.121 - 0.140
77 0.081 - 0.120
. 10.000 - 0.080

R20,87
Kodaira e Shibusawa (2013)

Meddo Estimado

Agicafiusa de Pracisdo



Espectrorradiometria de campo
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Legenda

PC_Scores

+ -1.24--0.50
-0.50--0.17
-0.17-0.14
0.14 - 0.48

© 048 -1.52

15

10

Ul OO N 00 ©

0 15
Ca o%servado...

R2=0,83
RMSE =
1,16
K o
o--8
oo
(@]
(@)
K obsgrvado...
R2=0,72
RMSE =
0,14

P predito
(mg.dm3)

Mg predito...

N W b U1 OO

PR NN

O U1 O U1 O WU

N

4 6
Mg observado...

R2=0,71
RMSE = 0,29

0 20
P observado (mg.dm?)

R2=0,65
RMSE =
13,70




PC_Scores S \
. -1.24--050
0.50 - -0.17
0.17-0.14
0.14 - 0.48
. 048-1.52

- 1.00
- 1.30
-1.70

. 50.80

., .‘,9 N ’.- » ¢
) * [ he
g U o Hn ok, Legenda
Lt - .. s Sie p
U .'l:;.l . .! :-‘l" ?’ pH
etey " % : « 525-6.18
it o sp ot Toh 6.18 - 6.41
K S :':.'s. 6.41 - 6.60
e.l,‘., LA | 6.60 - 6.81
Al st e s | . 681-8.16

&) . .
Ca
J:’. .. & . v..

7, AT,

.o .:' '.". .

v . %

-

4 r.?’

Scores do segundo componente principal das leituras espectrais (A),
condutividade elétrica aparente (0 — 30 cm; B) e pH do solo (C) em uma
area de 138 hectares, Campo Novo do Parecis, MT

(Adaptado de Eitelwein et al. 2016)




Calibracao: sensores x analises de referéncia

jF'Z’ 16
2 14 > °
9 o 57 %0
S 12 L2
o -
§ 10 o’ R2=0,70
8 (@)
8 13

K real (g kg-1)

Correlacéao linear de Pearson entre os resultados das determinacoes de atributos
guimicos de 72 amostras de solo analisadas por quatro laboratorios distintos

P K Mg Ca
lab.3 Llab.4 Llab.1 Lab.3 Llab.4 Lab.1 Lab.3 Llab.4 Lab.1 Lab.3 Lab.4 Lab.1

Lab.2 | 0,52 0,36 0,32 0,4 0,42 0,29 0,19 0,14 0,04 0,2 0,18 -0,07
Lab. 3 0,92 0,90 0,91 0,87 0,81 0,73 0,67 0,12
Lab. 4 0,92 0,86 0,68 0,01

EJ\'LQ Labaratorio de ApHuliur de Previsis




Sensor de MO

Cross-Section of the Sensor

light sensor light source

emitted | B shank
light . e /

reflected
light

Purdue University, 2001 SOli |

ALAP

rattirio e AR



Sensor de MO

Anuncios, 1996

Laboratteio de Agricaliua de Precisfe.
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para mapeamento -

S H0S teofgs de
s materla organicay -
“dosolo”

~ . l

VerisThecnologie
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Number of wavelengths: 2

* Spectral range: visible and near-infrared

* Light source: LED

* Detector: active area 5.76 mm photodiode

VerisThecnologie

B

AP

Laboratteio de Agricaliua de Precisfe.




IScan

trica

mais sensor de condutividade elé

Sensor optico (duas bandas) para estimativa de matéria
organica

Veris Technologies

P

aLAP

9



SmartFirmer (PrecisioPlanting) - sensor optico para umidade e matéria
organica, na linha da semeadora, para incicar condicoes locais e definir
populacao ideal

Agrishow 2019

http://www.americanagriculturist.com/equipment/hottest-planter-tech-tool-2017

de Agricufiua de Previsfe.



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

XNV E W) -

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

(LL]
T\

Class, 2009







WERNER, A. (2008)




Sensoriamento sem contato fisico (remoto)

(Optica)

=1

m
[3)

Laboratteio de Agricaliua de Precisfe.



Niveis de aquisicdo de dados — essencialmente estimativa de biomassa

Orbital

= Adreo (avido)

Terrestre

Ativos!

Sensores de plantas

4 aLAP
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Reflectance (%)

Distribuicao do comprimento de ondas eletromagnéticas

60 - Visiblei Near IR IR Short Wavelengths
504 Soil

40-

30 . Green Vegetation
204

—
o

Water

| I | T I T T I | i
05 07 09 11 13 15 17 19 21 23 25

wavelengths(um)



Sensores opticos (plantas)




Sensores de clorofila
(absorbancia e transmitancia)

CFL1030

FFALKER




A utilidade da refletancia na agricultura

0,6 ;
"Aumenta pelo Suprimento de N
aumento de biomassa 200 kg/ha
0,5 . S—

F 120 kg/ha
© 60 kg/ha
o = - —

c //_———
« 0,3
e
(&)
Q
e
Q 0,2
14 Diminui com o amento
do conteudo de clorofila
0,1 ‘
$\'—:
0 ! !

450 500 550 600 650 700 750 800 850

Comprimento de onda, nm

Fonte: Adaptado de Yara N response trial 1994.

w
ol
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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 A0V

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 o6ticos diretos — transmitancia e
absorbancia (clorofila)

% Tat931 nm
% Tat 653 nm 70 —

CCl=

85 b
&0 b Transmission Spectrum ‘
=< | of Green Leaf ‘
o
S s} (measured with ;
O 45} spectronadiometer) 4
é‘;’ 40 } Transmissionat | L !
T a6} Transmission at 93 nm=64% | -~
b’ 653nm=7% | z (due to leaf thickness) |
£ O  (duetochiorophyl) Ml e
2 254 \~ o )
Detector G 20} ‘
- 15} )
10} 64% r
—_—=9.1CC
5 7 % ;
o A

400 450 500 550 600 650 700 750 8O0 850 900 950 1000
Wavelength [nm]




Relacao dos medidores com Clorofila e Nitrogénio

50 3,5
r2=0.95 r2=0.88
~ 40
= 3
o
o)
(7]
530 S
= g
> — 25
= =
©20 =)
o Z
e ()
O ’ 2 ..
210 - . °
/ .
[ ]
[ I ]
[ ]
0 ¢ T T T I I 1 1 1,5 T T T T T T
0 100 200 300 400 500 600 700 80C 250 300 350 400 450 500 550 600
N-Tester value N-Tester value
Fonte: Yara
a8 alAP




Dualaxﬁ 3 Series

Optical absorbance meters for epidermal polyphenolics

Thanks to its unique patented technology, DUALEX 3 Series leaf-clips measure quantitatively the
absorption of the leaf epidermis:

* In the UV-B at 315 nm for the HCA version
* In the UV-A at 375 nm for the FLAV version
* In the Visible at 530 or 590 nm for the ANTH version

This epidermal absorption is directly linked to the concentration of leaf polyphenolics:
* Hydroxycinnamic acids for the HCA version

* Flavonoids for the FLAV version
* Anthocyanins for the ANTH version

Measured parameter: optical absorbance at 375 nm (for flavonols)
optical transmittance for 3 wavelengths in the near-infrared
Measurement area: 5 mm diameter




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”

Correlacdo entre absorbancia e conteudo
de acido clorogénico em folhas de tabaco

B

Tl
£
#

H

:

H

Phen (Dualex value)

0 2 - 6 8

Phen (absorbance of the flavone peak)

Anthocyanins (Dualex ANTH)

1
Pinot nor &
Pinot meunier
vérason

e © o
-~ o o

e
N

0 e
0 0s 1.0 1.5

- R= 0974

00k A A 2
0 50 100 150
Fqurvalent Chiarogemic acid comtent (amol cm * )
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Sensores dedicados

Sensores multiespectrais passivos

1999! “ / =

igre ambiante

Lumiére réflach ie ﬂh

m\w

Luemiéra
rafléch e

WERNER, A. (2008

B

3
%
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® Lo
30 25§
50 kg N/ha e

185 kg KAS

45m
f,om

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

\

N

3_ [ 4
|| Flash | ® /\
control |
Data output “* \/
10 measurements = <— Cui:trol
per second - o f\ Channel 1: 730 nm
Detector < 3 U
< control
Channel 2: 760 nm
= [[dI+H
X
photodiodes interference filters
Timing ﬂ n ” ] detector
diagram " -I flash
> t

YARA SRe - Dote: 2008-08-13 - Page: 7






Sensores multiespectrais
Ativos (Crop Circle)

Pholodetecior  Phase .

Kilcroconimolier

A
.J'IE::,:'—

F'I'l:l1 dlode
PraampiFiers

Safal IFD

Mgy “q
[ .
Lealar
Lea’ Canopy caolimaliar and Uit Source and
Colechion Oplcs Power Conirol
Holland et al., 2006







Experimentos
£ ESALQ com cana
(2006)

N~ /.:;f‘_ S ‘







™
}
]
#

sl

'g

\ U G
! -,? r
WA N
' %

EY7H ) AVA AR VY -







Medicao de
duas elipses
de 3 m cada.




Como construir o modelo




Biomassa predita versus real para 2009/10 e 2010/11

10000
y = 1.0594x
R2=0.84 ¢ o
'S L 4
8000 o S
2 ¢ n
.
% 0/
e
- X . .
p * 3!
~ 6000 . K3 * ¢ 20cm
3) ¢ ... g Al e 30cm
~ ¢ A A 40cm
|
8 Ll m 50cm
0 |
@ 4000 L J— A A ¢ 60cm
g A otk nh o, —Linear (20 - 60)
o ¢ ‘l’ 4 2 N ——Linear ("1/1")
— A °A L
© Ay A
@ 2000 -
iz A" ° A
° A
K gl Y
£
0
0 2000 4000 6000 8000
Biomassa predita (kg ha) PORTZ, 2014
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Nitrogénio predito versus real para 2009/10 e 2010/11
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Se as lavouras sao heterogéneas, a fertilizacao nitrogenada em taxa
variavel é a consequéncia logica

Curvas de
resposta de N
tem variacao
espacial

Yara




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 relac&o
90 | especifica para cada cultivo
a 1 Taxa maxima de N e estadio de crescimento,

com uma inclinagcao de
iy : aplicacdo que esta
60 I implementada no Software
50 I do N-Sensor
I
40 |
30 !
20 :
10 I
& . : | . | | . Taxalminimla de N

10 12 14 16 18 20 22 24 26 28

Valor N-Sensor
Yara
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Modelo genérico de calibracao agronOmica; ex: cereais

200 - Modelo N-Sensor
180 - , .
Taxa maxima de N
—_ 160 - e
2 14645;< E & x Posicdo e angulo
E i g \ dependentes de cultura e
o 120 - 19 estadio de crescimento
X i
T 100 =
8 80 - / ! 8 Aplicacéo uniforme
= 70 .
Q -
w007 8 N
® 40 s Ajustaveis
> | O pelo
e
20 - = produtor! —
I g Taxa minima de N
0 I \E I I I I I I I I I I I I

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Valor do N-Sensor para N

Yara




Estratégia Yara com o uso do
N-Sensor para aplicacao de N

Dose média: 70 kg/ha
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Area: 429.06 ha
SmartAgri, 2018
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Objetivo final

N application rate (kg N/ha)
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Objetivo final

N application rate (kg N/ha)
100

90
80

| maximum N rate N taxa

70 / reference plot //é)d,ma
Clmws Y\% _—
~.
~.

40 /

30 / /

20 / ! /

oL / 5 e N

N taxa m|n|ma minimum N rate
0 !

I I
10 12 24 26 28

sensor value

piomasis cuytoft

Yara

EsaiQl coeommdodeaps cultura e Precisso




Outra abordagem para construir o modelo
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Amaral & Molin, 2015







Resultados dos experimentos com doses de N
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O
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Amaral & Molin, 2015
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Relacao de sensor com biomassa

e ALV
A APA

ARE

50

40 -

10 4

0,35

0,30

0,15 0,20 0,25
NDRE

0,10

0,05

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
O AS
< ® 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 Produﬁiv_idade relacdo ao total
' Sensor ~ ]o canavial
Ngpi=| 0.41 + NDREpe X 0.585 | X Pogt X Npp X|1— Nex
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).

P

8 aLAP
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Sensor o6tico ativo, de cinco bandas

Agritechnica 201










ISARIA

Intelligenter und effizienter diingen.

Sensor 6tico ativo, de cinco bandas

{iall

r' \' '\

Agritechnica 2011




MiniVeg N Laser Sensor

Sensor laser (fluorescéncia)

Agritechnica 2009

P

8 aLAP
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MiniVeg N Laser Sensor ... estima contelido de N nas folhas e

Umwelttechnik

Facho de laser ‘illumina’ as folhas com um certo espectro e causa fluorescéncia na
clorofila presente (LIF = laser induced fluorescence); o espectro da luz refletida &
assim alterado.

EsaiQ
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Sensor

FRITZMEIER

Conjunto porta-sensores Umwelttechnik

8 aLAP
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Experimentos
ESALQ com trigo
(2006)
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> - A |
Sensor de temperatura das folhas, temperatura e um
relativa do ar, velocidade do vento “energia
fotossiteticamente ativa” - PAR

idade

Sensor de
temperatura
da copa

Déficit hidrico - améndoas (California, 2014)




o

Sensor de
“energia
fotossiteticamente
ativa - PAR”

Recomendacéao de N - Améndoas (Califérnia, 2014)

nLAP
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Sensores de distancia (altura/volume de plantas)

Movement of the sensor

[Laser range finder

EHLERT et al., 2010

8 aLAP
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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

(((((trmee g
(M-

Area se¢ao
transversal

Volume
(m?)

secdo
transversal

(m?*)

Volume
total (m?)

LIDAR

Area se¢ao
transversal
(m?)

Volume
=

se¢do

transversal

(m?)

Volume
total (m?)

Colaco, 2015




Colaco, 2015
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Colaco, 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

oy 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

ALAP
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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

4 ALAP




Descriptive statistic of volume and height for Field 2

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

m3 (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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Sensores para deteccao de verde — herbicida!

&;



Folheto Herbicat

57
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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)

P
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SmartAgri, 2019
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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.




Sensor NIR de
bancada

o

nLAP
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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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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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Outros semelhantes:

Class — mede por

eletrocondutividade Krone - mede por
mais temperatura eletrocondutividade




Monitor da qualidade dos graos — teor de proteina

- ‘ . Y =1214+092X
1] .. ® =121+ 0
gl e R?=092
- 1e o &
-
o
10
| |
10 12 | 16 8 20

NIT protein, %




AccuHarvest

On-Combine Grain Analyzer

Sensor de proteina
em graos

o

Foa
[5)




Infrared Light is Scattered
Emitting and Absorbed

Diodes Within the Sample Zeltex Measures
N The Specira

Exiting The
Sample/

P

y = 0.8981x + 1.6711
R? = 0.8621

% SEC=0.49%
§ 15.0 ¢
Sensor de proteina s
em graos ™
11.0 - ~ ’
11.0 13.0 15.0 17.0

Reference Protein (%)
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http://www.cropscan.com
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Grain
Yield
(Mg/ha)
<2
N 2-228
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[ B
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W 2507 iy
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'Taylor et al., 2005
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