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Application and Precision Ag 
Technology

Lucas Haag, Asst. Prof./Northwest Area Agronomist
Northwest Research-Extension Center, Colby, Kansas

with assistance and materials from:
Ajay Sharda, Extension Ag Engineer, Dept. of Biological & Agricultural Engineering

Bob Wolf, Retired Application Specialist, Dept. of Biological & Agricultural Engineering

Sprayer Components:

• Tanks – poly, stainless 

• Pump, Strainers, Agitation

• Pressure gauge

• Hoses, Flow control assemblies

• Electronics: monitors-computers- controllers 
(GPS/GIS)

• Distribution system

• Nozzles – Not expensive but KEY!



12/8/2016

2

GPS Accuracy

Receiver System Accuracy

Autonomous 1 – 3 m

Differentially corrected less than 1 m (sub meter)

Dual Frequency ~ 10 cm

RTK ~ 1 cm 

Differential Correction Sources

• Coast Guard Beacon

– Sub-meter

• Single Frequency Satellite

Wide Area Augmentation System (WAAS)

OmniStar VBS and StarFire1

– Sub-meter

• Dual Frequency Satellite Subscription

OmniStar XP, HP, and StarFire2

– Decimeter (2 - 6”)

• Real Time Kinematics (RTK)

– Centimeter (sub-inch)

http://shopping.yahoo.com/;_ylt=AoBm3m2El6_vuAx72ylSM0zUoLoF;_ylu=X3oDMTBwNGwxdGFwBF9zAzk2MTE2OTQ4BHNlYwNwcm9kc3BlY3M-
http://shopping.yahoo.com/;_ylt=AoBm3m2El6_vuAx72ylSM0zUoLoF;_ylu=X3oDMTBwNGwxdGFwBF9zAzk2MTE2OTQ4BHNlYwNwcm9kc3BlY3M-
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What’s important, accuracy or precision?

GPS Accuracy… by the numbers

• Pass-to-pass accuracy is typically measured at a percentage 
and within a timeframe:
– 4-6” within 15 minutes, 95% of the time

• Receiver accuracy – horizontal, vertical, and spherical, is 
measured as a distance, percentage, and over a given 
timeframe.

• Statistical Axioms: 1 standard deviation contains ~ 68% of the 
data, 2 standard deviations contain ~ 95% of the data, 3 
standard deviations contain ~ 97% of the data. 
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GPS Accuracy… by the numbers
Receiver 68% 95%

SF2 4.33 6.29

252 OmniStar 2.76 5.51

Make Sure Your Comparing Apples to Applies!
4” at 68% is NOT the same as 4” at 95%

2014 NW Agronomy Update

GPS Accuracy… by the numbers
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2014 NW Agronomy Update

GPS Accuracy… by the numbers

GPS Accuracy Tech Info
• When buying GPS units, the accuracy is often given in 

several different ways.  Typically it is a value

• 1dRMS (or RMS) - Approximately 68 percent of the data 
points occur within this distance of truth. 

• 2dRMS - Approximately 95 percent of the data points occur 
with this distance of truth. 

• 3dRMS - Approximately 99.7 percent of the data points 
occur with this distance of truth. 
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Flow Control Systems

Controller with Automatic Section 
Control

Regulating Valve
Boom shut-off valves

Flow MeterPump

Nozzles

Controller + 

Software

1 2 3

1 2 3

Closed-Loop

Control

GNSS Receiver

(Location & speed)

ON-OFF Control Signal to 

Boom-Valves or Nozzle 

Solenoids

(Auto-Boom Control)

Boom-section

Tank

Boundary map
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Speed and Pressure Spraying

Type of Type of Tip What is Held Speed

Spraying Sprayer Selection Constant Range Rate Pressure Droplet Size

Tractor Mount or One Tip

Speed and Pressure Pull-Type per Pressure Single Speed Constant Constant Constant

Speed

Pull-Type One Tip

Rate Controller Self-Propelled per Rate 2:1 Range Constant (Chg of Speed)² (Chg of Pressure)³

Rate

One Tip

SharpShooter Anthing per Chemical Rate and Pressure 8:1 Range Constant Constant Constant
Mode of Action

What Varies

Rate Controller Spraying

Type of Type of Tip What is Held Speed

Spraying Sprayer Selection Constant Range Rate Pressure Droplet Size

Tractor Mount or One Tip

Speed and Pressure Pull-Type per Pressure Single Speed Constant Constant Constant

Speed

Pull-Type One Tip

Rate Controller Self-Propelled per Rate 2:1 Range Constant (Chg of Speed)² (Chg of Pressure)³

Rate

One Tip

SharpShooter Anthing per Chemical Rate and Pressure 8:1 Range Constant Constant Constant
Mode of Action

What Varies



12/8/2016

8

PWM Spraying
Rate Controller with Blended Pulse

Type of Type of Tip What is Held Speed

Spraying Sprayer Selection Constant Range Rate Pressure Droplet Size

Tractor Mount or One Tip

Speed and Pressure Pull-Type per Pressure Single Speed Constant Constant Constant

Speed

Pull-Type One Tip

Rate Controller Self-Propelled per Rate 2:1 Range Constant (Chg of Speed)² (Chg of Pressure)³

Rate

One Tip

AIM Command Self-Propelled per Chemical Rate and Pressure 8:1 Range Constant Constant Constant
Mode of Action

What Varies

How it Works  

• Uses high speed 
solenoid valves to 
regulate flow

• Varies application rate 
with duty cycle: 
independently of 
pressure 
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Pulse compared to conventional:

What is Pulse Width?

• Type of control system
• Modulates a DC square wave signal 
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Synchro® Blended Pulse

Each Synchro® nozzle emits 10 pulses per second, with adjacent nozzles having alternating 
timing.  The alternating pulses, combined with overlapping spray patterns and the natural 
dispersion of droplets traveling in air, blend together to provide consistent coverage.
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11008 Flat Fan  Tip, 5gpa, 15mph, 50psi
EVEN ODD EVEN ODD EVEN ODD EVEN ODD

Good Pulse Blending

21"

110°
20"

Spray pattern quality not sacrificed:
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Procedures:

• Treatment 1
– Conventional, 20 psi, 5 mph, tt11002, 8 GPA

• Treatment 2
– Conventional, 75 psi, 10 mph, tt11002, 8 GPA

• Treatment 3
– PWM, 40 psi, 5 mph, tt11004, 8 GPA

• Treatment 4
– PWM, 40 psi, 10 mph, tt11004, 8 GPA

Drift
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Benefits

• Operator dependent 

• Application error

– Skips (Red)

– Overlap (Blue)

• Consistent

• Product savings

– Reduced overlap

– No skips

Turn Compensation

More accurate application when spraying

contours or center pivots:
Reduces weed resistance from non-lethal doses
Prevents crop damage from chemical overdoes
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Individual Nozzle Swath 
Overlap Control

Minimize skips, over-spray, over-laps
Prevents over-application crop damage
Up to 15% Chemical Savings
Adjustable from 0% to 100% overlap.
Modifies the flow meter signal to satisfy the 
rate controller.

Follow Manufacturers’ 
Recommendations

• Low Duty Cycles Can 
Cause Differences in 
Effective Application 
Rate

• Typically wish to 
maintain duty cycles in 
the 50-100% range
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Market Players

• SharpShooter (Capstan/Case IH “Aim”)

• Pinpont II (Capstan Ag/Case IH Aim Command PRO)

• ExactApply (Deere in MY18)

• Hawkeye (Raven/Case IH AIM Command FLEX)

• DynaJet (TeeJet)

K-State Extension Publication MF3314



12/8/2016

18

Electronics/Rate Controllers

• How does your system work 
when speed changes?

• Is it pressure based? 

• What is the effect of going 
slower?

• What is the effect of going 
faster?

K-State Extension Publication MF3273

http://www.dickey-john.com/Ag_Products/Radar.htm
http://www.dickey-john.com/Ag_Products/Radar.htm
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16.1 Km h-1

6.4 Km h-1

16.1 Km h-1

0.4 m s-2

-0.7 m s-2

6.4 Km h-1

6.4 Km h-1

SC1 SC3 SC5

20°

70°

16.1 Km h-1

45°

Headland

Spray boundary

Grassed Waterway

0.7 m s-20.4

-0.7 m s-2-0.4

16.1 Km h-1

SC2 SC4

Flow oscillation and instability 
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What does it mean on volume basis?

SS3 SS5
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Over-application
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Automatic Boom Height
• Maintain uniform boom height

• Increase application uniformity and therby
effectiveness

• Reduces wear on sprayer boom

• Avoid contact between the boom or nozzles with 
the ground

• Increase field efficiency as the operator is not 
responsible for constant adjustment

• Potential to reduce drift and provide uniform 
droplet deposition
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Automatic Boom Height

Options

• Sonar Based

• Physical Based (ground 
engaging wheel)

• Roll Sensors

K-State Extension Publication MF3299
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Nozzles are important because:

• Control the amount – GPA.

• Determine uniformity of application.

• Affects the coverage.

• Influences the drift potential.

Nozzle Controls 
amount applied:

Nozzle Flow Rate is 

affected by:

• Orifice size

• Pressure

• Solution 

characteristics

Page 174 Page 9
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Calibration!!!!

Ensuring that the spray output is what it 
is supposed to be!

2015 Chemical Weed Control

Calibrating Boom Sprayers – MF2894

GPM Example Solution:

GPM
GPA x MPH x W

5940


5940

20x12x7.5
GPM 

Answer .30gpm
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Selecting the proper nozzle….

• Calculate GPM (formula)

• Look under GPM column

• Match to pressure-psi

• Choose the size needed

• Operate at given pressure 
and speed used in formula 
to achieve GPA

.30

Page 9, 12, 14, 15

Selecting the proper nozzle….

• Calculate GPM (formula)

• Look under GPM column

• Match to pressure-psi

• Choose the size needed

• Operate at given pressure 
and speed used in formula 
to achieve GPA

.30

Page15
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Source: Crop Life – July 2002

>150

151-
250

251-
350

351-
450

451-
550

>551

ASABE Standard
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Page 4

Checking for accuracy

• Check several new nozzles
– flow rate within 5-7% of desired output?

• Check flow rate frequently
– adjust pressure to compensate for small 

changes output due to wear

• Replace nozzles & recalibrate when:
– output > 7% change from new nozzle
– when pattern becomes uneven
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2.  Set up for Uniformity:

Goal is to put the material on evenly from nozzle to 
nozzle, end of boom to end of boom, and across the 
entire field.  A 20-inch spacing requires 17-19” above 
target for 50-60% overlap.  Nozzle mount angle?

SpotOn Electronic Calibration Tool
Sponsored by Successful Farming 
Sponsored

Scott Bretthauer - U of I
Jim Wilson - SDSU
Randy Taylor - OSU
Bobby Grisso & Pat Hipkins - VTU
Mark Hanna – ISU
Bob Wolf – KSU
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Accuracy of SpotOn Tester by Nozzle Type

Accuracy of SpotOn Tester by Nozzle 
Size and Pressure
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2014 NW Agronomy Update

Imagery

2014 NW Agronomy Update

UAV Imagery – Rawlins County 2013
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2014 NW Agronomy Update

UAV Imagery – Rawlins County 2013


