




















Benefits of Autosteering Systems

�� Increase productivity and efficiency of 
field operations

�� Facilitates the adoption of new and 
innovative field practices







Applications of  
Guidance
Systems



















Absorbance,reflectanceandtransmittancefor
Ground-Based/ NearGround-Based

Sensing from satellites on different orbits, from an airplane and from a tractor (From 
Chuvieco andHuete 2010andfrom Heegeet al. 2008, altered) 23



Ground-Based / 
NearGround-Based

Why �]���[����needed

24



Ground-Based/ NearGround-Based

Why �]���[����needed:
�� Limitationsof Aerial/Satellite/Airbornetechnologies for commercialusefor 

individualfarmer
�� highcostof images from airborne,
�� hilly hill in the plantationarea,
�� infrequencyof satelliteoverpasses,
�� riskof imagesbeingscatteredby clouds
�� delaysbetween imagecaptureand availabilityof usabledata.
�� treesshades

Cost,efficiency& 
reliability

PRECISIONAGRICULTURE

Technology Management
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PrecisionAgriculture(Site-SpecificManagement) isnot a 
� ône-size-fits-all�_propositionor universalsolutionto 
address spatialvariability

�� Different field sizes
�� Different crops
�� Different soils
�� Uncertaintyaboutclimateandwater availability
�� Spatialvariabilityin nutrient status
�� Availabilityof field equipmentis important
�� Implementationmight requiretechnicalassistance

Highyieldsmay not behighlycorrelated with profitability

Sustainabilityrequires amulti-yearanalysis
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Perceptions- may not be true, but they are 
� �̂Z�����>�_in the mindsof individuals

PrecisionAgriculturePerceptions

27

�� �/�[�utoo old to learn
�� Tooexpensive
�� My fieldsare uniform
�� �/�[�ustill farming,somyoperation mustbe sustainable
�� Toomuchrisk
�� I alreadydemonstrateenvironmentalstewardship
�� Technicalassistanceisnot availableor isunreliable



Original4-Rs
Appliedat the field scale - - delineatesmanagementzones

What about the plant environment?

RIGHT- Place
Rate

Time
Form

Howto createa better environmentfor plants?

Consider: compaction 
nutrient placement 
plant competition 
weeds 29
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Approachesto PrecisionAgriculture
Proactive - Planaheadandlock-in decisions

basedon: soil texture and water holding capacity 
nutrient information
anticipatedweather 
yieldgoal

Reactive - Monitor weather and crop vigor to make in-season 
adjustments(alsocalled� âdaptivemanagement�_��

accordingto: availablesoilwater
anticipatedweather
estimated nutrient losses thus far in the season 
cropvigor (sensorsor remotesensing) 
changesin yield potential



HarnessingPrecisionAgriculture information is like

makingSom-Tam!

Needs multiple ingredientsin the right proportions
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How wouldyouconnecttheseninepointswith four continuouslines?

1

4

2

3

Thinkoutsidethe box!
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PrecisionAgricultureisabout innovation
and thinking outsidethe box



Soil 
Texture

Landscape  
Position

Slope

Soil 
Color

Elevation

Productivity

Common-SenseRelationshipsAreImportant 33
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Uncertainty of climate

LowQuality& 
Quantity

of Commodities

Pests& Diseases

Water (rain), 
Light Intensity

1

2

3

4

5

Water
Shortage

inappropriate  
dosage

No plants 
management: 
Weeds

6



TechnologyUsed

35

DATABASE

Sensors,  
GIS& RS

Climate
(External  
Factor)

(DSS)

PA�˘ High Yield

GOAL

CROP Nutrients, 
Weeds, PESTS 
AND DISEASES 
MANAGEMENT

.NET and 
WEB 2.0,

Mobile 
Technology



AdvancedTechnologies
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�� Thegrowthof non-destructivetechnologiesisveryrapid

�� Spectral vegetation indices are widely used for monitoring,
analyzing, and mapping temporal and spatial variations in
vegetationstructureaswell ascertainbiophysicalparameters

�� Suchindicesenableassessmentand monitoring of biophysical
properties like soils (Joseph., et al, 2010), pests and diseasesand
macronutrients(Joseph., et al, 2010; Schlemmer., et al. 2013).

�� researchersusedthe technologieslike CropSpec(Vali., et al. 2013),
SPAD, Spectrometer(Yao., et al. 2014; Wang., et al. 2012; Min., et al.
2008; Wei., et al. 2012; Elfatih., et al. 2010; Javier., et al . 2014),

(Ali., etGreenSeekers al 2015), CropCircle, and LAI meter to
analyze the crop-plant in manydifferent parameters.



Weeds,Pests& DiseasesManagement

37



Nutrient Management

’BarrelAnalogy’ usingnitrogenasthe leastavailable nutrient38



N Nutrient Management
(Decidingthe locationandactivities)
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N Nutrient Management
(InputPlantpositioninside fieldarea)

RealtimeClimate
data

Fieldinformation

39



N Nutrient Management
(ImageanalysisandDSSvia Online)

Value (%)

NitrogenRecommendationfor 
individualCoffeePlant

Source: Bayu(2016) 41



SENSORS
42



INTRODUCTION (Background)

43

ActiveNitrogenSensor(CropSpec)

RedEdge(730-740nm)

S1 value ratio =
S1 value of an interest area

S1 value of the nitrogen strip

S1CAL= 47* S1/ S1REF
Ris simpleratio of NIRreflectance(800-810 nm)to

GNSS

CropSpecAlgorithm:

S1= 100* (R�t 1)
Where

R=NIR/RedEdge
Comparedto

NDVI= (R- 1) / (R+1)



ActiveNitrogenSensors
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Specifications GreenSeekerfi CropCirclefi CropSpecfi
Manufacturer NTechIndus.Inc. HollandScientific Topcon
Model RT200 ACS470 IP67
Datalogger RTCommander GeoSCOUTGLS400 X20
LightSource LED Modulatedpolychromatic

LEDarray
Lasers

Power 12VDC 10to 17VDC 10-32VDC
Operational
Wavebands

660/15(Red)and
770/15(NIR)

670/20(Red)and
760/LWP (NIR)

730/10nm(Red) and
800/10nm(NIR)

Footprint/ Fieldof
view

5�?60cm 15�?57 cm(changeswith
height)

2-3meters

Viewingangle 32�£ 32/6�£ 45-55�£
OperatingHeight 0.86meters 0.6-1.2meters 2-4meters
Mount Handheldor Sprayer

boom
Handheldor Sprayer
boom

Tractorcab

Source:McVeaghet al. (2012).



Crop Circle ACS-430
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or

AgLeader OptRx

Funct ions Day or Night



Variable-RateN Injection
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Topcon
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HollandScientific NTechIndustries

(AgLeader) (Trimble)



Topcon
CropSpec

47

Foot-print  
changes 
with plant 
height



Modulation/Demodulation Using 

Polychromatic LEDs

LED
PD1

SENSOR

PD2

TARGET

User Selected 
Filters

ACS-470

PD3
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we tested ASEQINSTRUMENTmini spectrometerwhich can provide spectraldata within
the rangeof 300-1000nm (~USD1,500)

LIGHTMEASUREMENT(COSINEADAPTER) 

REFLECTANCEMEASUREMENT

Spectrometer

𝐷 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐷 𝑑𝑎𝑟𝑘
% 𝑅 𝑠𝑎𝑚𝑝𝑙𝑒 =

𝐷 𝑆𝑝𝑒𝑐𝑡𝑟𝑎𝑙𝑜𝑛 − 𝐷 𝑑𝑎𝑟𝑘
∗ 100
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Leafchlorophyllmeters(SPAD)

it isexposedto two light sources:(1) a red- (640nm) and (2)an
infraredlight (940nm)positioned just above the leaf

50



Cameraas
Passive Sensor

51
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TraditionalCCDand CMOSsensors

�� CCD�t ChargeCoupledDevice
�� CMOS�t ComplimentaryMetal Oxide 

Semiconductor

�� CMOSsensorsoffer higherperformance capabilities,andare
commonlyfound in ultra-highframeratevideography

�� CCDs are more common in consumer camera applications due 
to lower costof development
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CCDvs.CMOS

CCD CMOS
Signalfrom Pixel Electronpacket voltage

RelativeR&Dcost Low High

Costto Manufacture Higher Lower

Dynamicrange High Moderate

Speed Moderatelyfast Veryfast

Relativepower 
consumption Moderate Verylow



TraditionalFilmand FoveonSensors
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TheBayerArraySensor

�� Extrapolatescolordata from adjacent pixels
�� Cannotreproducecolors to extremeaccuracywithout movinga camerato 

three positions
�� Lessexpensiveto producethan Foveonsensors

55



Workingof anRGBCCD sensor

56
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So,how dotheyproduceimages?

�� Photons strike the sensor, and are converted into  
electrical charges

�� Charges of pixelsareread
�–CCDstransport the chargeacrossthe chip to be read at 

onecornerof the array
�–CMOSsensors canreadchargeat eachindividual pixel.

�� Analog-to-digital conversion of voltages to digital  
values
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�� Most consumercamerasutilize8-bit pixels
�–�^���]�����������Z�_refersto a �����v���}���[��sensitivityto 

greyscaledepth.
�–8 bits per pixel,3 channels(RGB);28 = 256discrete 

colors
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Whatdoesit mean?

�� This information is sent to a post-processing
system,which continuesto processincoming
data.

�� Post-processingusesnumerousalgorithms to
de-mosaic,reduce imagenoise,and enhance
edges.

�� Imagesare compressedand savedinto their
respectiveformat on a harddisk.



CAMERASANDTOOLS

Modified Camera 
(Removedthe HotMirror)

ExternalFilter

ProdiskII & 24Colorscard

5 Bands 
RGB,RedEdgeand

NIR
RGBStandard 
(Unmodified)

ASUSZENFONE5

GrayCard:18%Reflectance

JPEG& Pre-processingWB

Footprint20x20cm

Nikon D70with Internal
Filter RG665
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CAMERAANDIRFILTER

ASUSZENFONE5Unmodified Camera (canon IXUS 
160)

Modified Camera;
Footprint20x20cm

NikonD70with InternalFilter
590longpass(life pixel)

ExternalFilter
�� ZOMEI(680nm, 720nm,760nm and850nm)�˘ CHINA(THB3000)
�� SCHOOTRG665 �˘ USA(USD80)
�� DualbandPassFilter(715nmand815nm)�˘ USA(USD140)
�� Redtransparentpaper(plastic)�˘ BookStoreAIT(USD0.15/ THB5)
�� Roll Film(negative)

THB3000 THB3000

61



IRFILTER(Zomei720,760,850)
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CCDSENSOR

64(Nijland,2012)



IRFILTER(SCHOTTRG665)

4000

3500

3000

2500

2000

1500

1000

500

0
0 200 400 600 800 1000 1200
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IRFILTER(DUALNIRBANDPASSFILTER)�˘ Microscope (25,4mm)

65
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IRFILTER(DUAL NIRBANDPASSFILTER)�˘ Microscope (25,4mm)

NIR
815�˘

0

2000

4000

6000

8000

14000

12000

10000

16000

18000

0 200 400 600 800 1000 1200

RED EDGE
(715-740)

FWHM  
715 FWHM

815



REDTRANSPARENT PAPER(PLASTIC)�˘ BOOKSTORE

590nm
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REDTRANSPARENTPAPERv.sLIFEPIXEL590nmUSA(USD230)/Wratten25a

590nm
590nm

Source:astronomy.activeboard.com(2012)
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http://astronomy.activeboard.com/


REDTRANSPARENTPAPER
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ROLL FILM(NEGATIVEFILM)
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𝐑(𝑰𝒎𝒂𝒈𝒆) =
𝐃𝐍 (𝑰𝒎𝒂𝒈𝒆) ∗  𝐑 (𝑮𝒓𝒂𝒚 𝑪𝒂𝒓𝒅)

𝐃𝐍 (𝑮𝒓𝒂𝒚 𝑪𝒂𝒓𝒅)

Spectrum

Image(camera) 
Reflectance

71



Camera(Modifiedcamera�˘ singleChipfilter)

(Poudel.et al.,2013)
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(Dworak., et al,2013)

(Dworak.,et al,2013)



IMAGE
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NIRCAMERA & PAPERFILTER(Longpassfilter 
590nm) ISO200

NIR CAMERA & DUALBAND PASS FILTER 
OMEGAOPTICS(715& 815nm)

ISO100

LIGHTSOURCE
HALOGEN12V50W

NIRCAMERA& PAPERFILTER(Longpassfilter
SCHOTT665nm)ISO200

RGBCAMERA& AUTOISO
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NIRCAMERA & PAPERFILTER(Longpassfilter 
590nm) ISO200

NIR CAMERA & DUALBAND PASS FILTER 
OMEGAOPTICS(715& 815nm)

ISO100

NIRCAMERA& PAPERFILTER(Longpassfilter
SCHOTT665nm)ISO200

RGBCAMERA& AUTOISO
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Potentialuseof the CAMERA

Chlorophyll �˘ Color (NIR / RGB) 
Nitrogen �˘ Color (NIR / RGB) 
Phosporus�˘ Color & Size (NIR/RGB)  
Potasium �˘ Color & Size (NIR/RGB) 
WaterStress�˘ Color (NIR/ RGB)
PestsandDiseases�˘ Color& Shape(NIR/ RGB) 
Sulphur�˘ Color(NIR/ RGB)
Zn,Fe�˘ Size 
PAR,LAI



CANOPY 
MEASUREMENT
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Cropcanopysensorresearchwasinitiated in 1993

Firstcrop canopysensorsusednaturallighting
(knownaspassivesensors)

Situation: Chlorophyllmetersworkedwell for research
purposes,but arenot practicalfor commercialfields

Therefore: Needfor mobiledevicesto provideinformation
related to crop biomass(sizeof the factory) and canopy
chlorophyllcontent (photosynthesis)

Activesensorresearchinitiated in 1999

Introducedin 1990

Problems: clouds
shadows
changes inbrightness duringthe day

Attributes: generated modulated light 
no affect of shadows
operational any time of the day
canbe usedto facilitate� ôn-the-�P�}�_nutrient applications

Chance  
to be 

Solved
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(Theuseof CropSpec& Camera)

+/- 1 meter

Adjustable

CamerasPlatform
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CamerasPlatform

(Theuseof CropSpec& Camera)
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CamerasPlatformImagefrom the canopy
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LEAVES 
MEASUREMENT

81



�� Spectral measurement the coffee  
leaves by usingspectrometer

�� Measuredthe 15 leaves labeled
�� Measurethe left andright sideof the 

vein
�� Eachside measure10 times and get

average

Theuseof Spectrometer
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In-season 
Nitrogen 

Management
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Early Rapid Late
Growth Growth Maturing Loss

100

75
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25

0
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%

70-80% of requirement after V8 - 10
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40% of requirement after silking

Understandingthe Crop



Early N

Planting V6 V9 Tasseling

When?
How much?

How much early? 
In season?

Sensor based 

In-season N

N uptake
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NearInfrared 
Wavebands 

(NIR)

Photosynthesis

Biomass

ChlorophyllcapturesVISlight

SensorsMeasure

• Disappearanceof red light

• Abundanceof reflectedNIR

ReflectsNIR

Visible 
Wavebands

87

Chlorophyll



NormalizeVegetationIndexValues 
to remove� f̂ield effects�_

Compareall datato � ĤealthyPlants�_that havethe same:

Growthstage 
Cultivar(variety)

Previouscrop
Water management

Soilproperties - - - exceptnutrients
If oneassumesall nutrientsareadequateexceptfor N, for example:

Differencesin cropvigor areprobablyrelated to plant N status
87



CommonVegetation Indices
NDVI =

NDRE=

Chl Index =

Visible / NIR =

(NIR�t Red)

(NIR+Red)

(NIR�t RedEdge)

(NIR+RedEdge)

(NIR�t Red)

(RedEdge �t Red)

(Red)

(NIR)
88

See: Existing Vegetation
Indices 100 VIs



“ Target“

Reference

Sufficiency Index

“Happy Crop”

“Managed Crop”= = S I

Relative� V̂igor�_
(i.e.,92%adequate)

�� N-rich (highest3 consecutive seconds)GreenSeeker
�� N-rich (average)Missouri
�� Virtual referencefrom field with modestpreplantN Holland
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Sensors only MeasureBulkReflectance

- Manyfactorscaninfluenceleafchlorophyllcontent -

P

Fe

S

90



patents

�^�t�Z�˙��not comparenitrogenrecommendationsusinga commondata
set �M�_

Algorithms have been developed using specific sensors that are 
associatedwith recommendedagronomicpractices
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�� Wave-banddifferences
�� ReferenceStrategy (normalization)
�� Opportunityfor producerinput
�� PreplantNdifferences
�� Yield (relative,predicted,not used)
�� NUEinput

Algorithm Comparison
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PRACTICALSession

1.Use Spectrometer,SPAD,CROPSPEC
2.Use CAMERAwith different filters (Handheld

andDRONE)andEXTRACTRGBfrom PICTURES
3.Apply to appropriateVIs (provided 100 more

VIs)
4. StatisticalAnalysis(SPECTROMETER,SPAD,or

CROPSPECwill be asdependentvariable),and
CAMERAdatawill beasIndependentvariable
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