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My background? 

§  Raised mostly near Stuart, IA 
§  Attended Iowa State University to receive my 

undergraduate degree 
§  Three job roles since graduation in 2000 

§  Precision Ag Manager/Agronomic consultant for 
Pelgrow, Atlantic, IA: 2000-2004 

§  Precision Ag Manager for Farmers Cooperative Co., 
Farnhamville, IA: 2004-2006 

§  Account Manager for Pioneer Hi-Bred: 2006-current   



My background (cont.) 

§  I currently reside in Carroll, IA with my 
family 



My project 

§  Two main components 
§  A CAI module dealing with how GPS and 

yield monitors work 
§  A paper on the profitability of precision ag 

practices 



Why the 2 part approach? 

§  Precision Ag (PA) is something I have 
worked with for the last 8 years 
§  I learned that many farmers and ag 

professionals do not understand PA and/or 
it’s underlying technologies 

§  Both groups seldom look with great detail 
into the true profitability of the systems 

§  I felt there was a need to help provide 
answers to both groups 



What is most often 
misunderstood? 

§  Profitability 
§  How to calculate it 
§  An assumption based upon feeling and not fact 

§  How GPS and DGPS work 
§  There are two signals? 

§  The accuracy of a yield monitor vs. a scale 
§  Many have a feeling (or fear) these system are 

complex and confusing 
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Course Index 
1.  Introduction 

2.  How GPS works 
3.  Yield Monitoring/Mapping 

4.  Guidance/Steering 
5.  Exam 

 

Secondary Photo Here 

Principles of GPS in 
agriculture 

Photo courtesy of Scott Bauer, USDA NRCS 
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Section 1: Introduction 
 The use of Global Positioning System (GPS) satellites in 

agriculture has become very commonplace since 15 July 
1995, which was when the Department of Defense declared 
the system had reached full operational capability. The rapid 
adoption was mainly due to two uses for GPS: grid soil 
sampling and yield mapping. 
 
Soil sampling and yield mapping are still the dominant uses 
for GPS in agriculture, but guidance/steering systems are 
becoming a widely adopted technology as well. 
 
This module will provide a brief overview of how GPS works 
and explain how it is used in Midwest agriculture. 
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Triangulation 
GPS receivers use a process called triangulation to calculate a user’s position. It 
is accomplished by determining distance from at least 3 known locations. Once 

the distances are known, there is only one possible location. 

1 satellite= position could 
be anywhere along the 
outside of the circle 

11,000 miles 
2 satellites = position is 
somewhere along the 
intersection of the two 
circles 

3 satellites = position is 
known to be where all 
three circles intersect 
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Differential Correction Signals 
 By using just the GPS signal itself, most GPS receivers 

today can determine a position to within about 30 feet. The 
accuracy of the system is degraded by atmospheric 
conditions, reflected signals, and other problems. 
Remember the length of time measured by a GPS receiver 
is only hundredths of a second, so any interference can 
drastically affect position calculation. 
 
Differential signals are designed to give GPS receivers a 
way to correct for interference. A few kinds of differential 
signals exist, but they all use the same principles.  
 
A GPS receiver which contains differential receiver as well 
is often referred to as a DGPS receiver. 
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GPS Signal Interference 
 Three main types of GPS signal interference occur 

•  atmospheric 
•  multipath 
•  ephemeris 

Atmospheric interference occurs when GPS signals do not travel at the speed of 
light. The GPS signals travel at the speed of light when broadcast through a 
vacuum, but the earth’s atmosphere is not a vacuum and therefore it impacts the 
speed of the signals. The signals are slowed down slightly by the atmosphere and 
any delay in the signal can create error. 
 
Multipath interference happens closer to the ground. It is the reflection of signals 
off of surfaces (mountains, buildings, trees, the ground, etc.). This reflection 
causes the signal to travel farther, which means it takes longer and creates error 
in the position calculation. 
 
Ephemeris error is when the satellite itself is in the wrong position in space. The 
position data calculated from that satellite will be incorrect. Each GPS satellite 
broadcasts it’s own ephemeris error data, but it is only calculated once per hour, 
so it can still be slightly erroneous. 
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How DGPS Works 
DGPS uses a ground station (base) with 
a known position. The base station 
compares the GPS measured position 
to the actual known position and 
calculates the amount of error. That 
error is than sent to the mobile GPS 
receiver either directly from the ground 
station (red line, i.e. Beacon or RTK) or 
through another set of satellites (blue 
lines, i.e. - WAAS). 

Base Station 

Mobile GPS 

GPS Satellite 

DGPS Satellite 
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GPS Accuracy 
 

Good static accuracy, poor pass-to-pass 
consistency. The dots are all relatively close 

to the center (true position), but they are 
scattered on either side of center and not 

close to one another.  

Poor static accuracy, good pass-
to-pass consistency. The dots 
are not close to the center, but 

are grouped tightly together  

Both static and pass-to-pass are 
very good. All of the dots are 

close to the center and are close 
together on one side of center.  

These three diagrams are 
designed to help show the 

difference between static and 
pass-to-pass accuracy. 
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GPS Accuracy 
  

 
 
 
 

Type of differential 
correction 

Static 
Accuracy 

Pass-to-pass 
Consistency 

None 30 ft Unknown 

Beacon or WAAS <3 ft 6-8 inches 

Subscription satellite <2 ft 4-6 inches 

RTK <3 inches < 1 inch 

The values given are approximate as differences exist between 
types of receivers that fall within each category. The values 
should be used for general comparison only.  
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GPS Accuracy 
 Pass-to-pass consistency is always equal to or better than 

static accuracy. Pass-to-pass consistency relies on the fact 
that variables causing GPS interference change infrequently. 
For example, if cloud cover was causing signal interference, 
it would probably remain relatively stable for 15 minute 
periods, but could change drastically over days, months, or 
years. 
 
 
 
 
 

Figure 6. Example of two types of GPS accuracy. Please note, drawing is not to scale. 

The black lines represent the true path of a sprayer. The red lines indicate the path as 
mapped by GPS. The static accuracy of the GPS would be 2.5 and 2.0 ft, as it 
measures the distance between the true path and the GPS measured path. The pass-
to-pass consistency would be 0.5 ft (60 feet actual distance – 59.5 feet measured 
distance). Even though there is always 2.0ft or more static error the two red lines are 
only 0.5 ft from being the true 60 ft apart. 

2.5 ft 2.0 ft 

60.0 ft 

59.5 ft 
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GPS Receiver Components 
 A GPS receiver has two basic components, although they are not 

always in two pieces: 
1.  The antenna – similar to rabbit ears on a TV 
2.  The receiver – the actual TV 

 
 
Some GPS receivers will have the antenna and receiver all 
housed in one unit (all-in-one units). 
 

Figure 7. All-in-one receiver and antenna 
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Section 3:Yield Monitoring and Mapping 
One of the first uses for GPS in agriculture was to record yield data using accurate 
position data. Yield monitors became available during the early 1990’s, just a few 

years before GPS became widely available and affordable. 

Yield Monitoring vs. Yield Mapping 
Yield monitoring is the use of a combine equipped 
with a yield monitor, but no GPS for mapping. Yield 
mapping is when a yield monitoring system has a 
GPS receiver and data logger connected in order to 
map and store the yield variation throughout a field. 
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Components of a Yield Monitor 
 A yield monitor is designed to measure the flow of grain through a combine, 

moisture of the grain, ground speed of the combine, and width of the harvested 
pass in order to determine the yield/acre. 
 
Almost all combine grain yield monitors have similar components, no matter the 
manufacturer. Those components include: 

•  Mass flow sensor 
•  Grain moisture sensor 
•  Ground speed sensor 
•  Header height sensor 
•  Clean Grain Elevator speed sensor 

Some of these are called sensors when in fact the sensors already exist on all 
modern combines, so the yield monitor only reads the signals from the factory 
installed sensors (ground speed, elevator speed, header height on some models) 
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Components of a Yield Monitor – Mass Flow Sensor 
 The mass flow sensor most commonly sits at the top of the clean grain 

elevator and measures the impact of force of the flowing grain. The more 
grain flowing through the elevator the harder the force against the impact 
plate. 
 
Grain speed impacts the inertia exhibited by the grain and therefore its 
measured force, so the yield monitor also observes elevator speed to be 
certain it stays at a constant rate. 

Parts of a mass flow sensor 
•  Housing 
•  Impact plate 
•  Potentiometer to measure force of grain impact  

 
 
 Figure 10. Mass flow sensor from 

an AgLeader® yield monitoring 
system 



ModuleMaker Tool Kit 

Components of a Yield Monitor – Moisture Sensor 
 The moisture sensor measures the moisture content of the grain as it 

passes the sensor. The moisture sensor can be found in numerous places 
on the combine, depending upon manufacturer of the yield monitor and 
make/model of the combine, but is most often either on the side of the clean 
grain elevator or in the grain tank. 
 
 
 

Figure 12. Moisture  sensor from 
an AgLeader® yield monitoring 
system 

Parts of a moisture sensor 

•  Moisture Sensor 

•  Housing – numerous types 

Figure 11. Elevator mount housing from 
AgLeader. This housing allows grain to flow 
in one side, be augured past the moisture 
sensor and than dumped back into the clean 
grain elevator. 
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Yield Monitor Calibration - Weight 
 Probably the most important, but misunderstood and difficult item to calibrate 

in a yield monitor is grain weight, which is measured by the mass flow sensor. 
The sensor only measures a portion of the total grain flow. Higher grain flow 
means more inertia hitting the impact place and a higher reading. Calibration 
is how that higher or lower reading is converted into weight. 
 
Grain weight is measured as wet or dry. The difference in the two is the 
moisture of the crop at harvest. Wet weight is the actual weight of what is 
being harvested at field moisture. Dry weight is a calculated weight based 
upon what the weight of the crop would be if dried to market moisture. Wet 
weight is what is used in the calibration process as it represents what the 
yield monitor is trying to estimate, thus wet weight equals actual total weight. 
Dry weight is important as it is what is used to determine saleable bushels 
and true yield per acre. 
 
For example, if corn was harvested at 20% moisture and the monitor used the 
wet weight of the grain, it would overestimate the actual yield per acre since 
the crop is typically sold at 15% moisture. 
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Yield Monitor Calibration – Weight – Linear vs. 
Curve 

 
A yield monitor which uses one calibration load per crop type creates a linear 
calibration, while those using multiple calibration loads per crop create 
calibration curves. 
 
Typically, monitors using linear calibration methods promote the ease of 
calibration of their systems. Monitors using calibration curves make the claim 
that they create more accurate measurements, especially at flow rates 
outside the normal average. Which is better? It is a personal preference that 
depends upon what the individual values most, ease of use or accuracy. 
 
 
 
 

Figure 15. Example of a calibration 
curve 
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Figure 14. Example of a linear 
calibration 
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Yield Monitor Calibration – Relative data 
“I didn’t calibrate my yield monitor this year. I know it won’t 

show me the correct yield, but it will still show me the relative 
yield difference between products and fields.” 

This statement has been made by many yield monitor users and is both true 
and false. It is true an improperly calibrated yield monitor can still detect yield 
differences. If there is a true yield difference of 20 bu/acre an improperly 
calibrated yield monitor will most likely detect a difference, but it may not 
correctly estimate the yield difference or the actual yield. 
 
It is false because a poorly calibrated monitor (or a monitor using out-dated 
calibrations) may not keep the relativity consistent. In other words, what is 
actually a 20 bu/acre yield difference may be measured as a 10 or 30 bu/acre 
difference in an improperly calibrated monitor. 
 
Grain flow changes from year to year, causing the calibration (linear or 
curved) to change. This change could make a monitor that was very accurate 
last year not accurate this year.   
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Yield Monitor Calibration – Relative data 
 Figure 16 shows an example of two 

different linear calibrations created for 
different harvest years. 
 
In 2005 hybrid A had a flow rate of 20, 
while hybrid B had a flow rate of 40. 
That tells us that hybrid A yielded 50 bu/
ac while hybrid B yielded 150 bu/ac, a 
100 bu/ac difference. 
 
Let’s assume due to yield differences, 
the flow rates for both hybrids stay the 
same in 2006, even though their yield is 
different. Without a corrected 
calibration, they would still show a 100 
bu/ac difference. With the corrected 
calibration they show approximately a 
70 bu/ac difference (105-35). 
 
 
 
 
 

Two Linear Calibrations
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Fig. 16. The effect of different calibrations on the yield difference 
shown by a yield monitor when harvesting two varieties over two 
years. 
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Yield Monitor Data – Cleaning – Start/Stop Time 
 The start/stop and lag times can be adjusted when making maps in most 

software programs. This adjustment allows the user to be certain the map 
shows accurate yield data and is not shifted. 
 
 
 
 
 Fig. 17. The images on the 

right and left show the same 
raw yield data processed with 
different start/stop and lag 
times. The map on the left 
looks correct. The lower 
yielding areas form into 
pockets. The map on the right 
has poor lag time settings, 
causing the lower yielding 
pockets to be shifted and 
stretched based upon the 
direction of travel while 
harvesting. 
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Section 4: GPS Guidance/Steering Systems 
 The use of GPS for guidance and/or steering was mentioned 

during the discussion about GPS accuracy and consistency. The 
goal is simple, to guide or steer an implement to prevent skips 
and overlaps. 

Guidance vs. Steering 
The first systems were designed to guide the driver along a previous pass 
in order to prevent skips and overlap, newer more advanced systems 
actually take over the steering of the implement in order to meet the same 
goals. 
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How does it work? 
Using current location, speed, and heading data provided by a DGPS receiver 
a computer based controller can determine what direction an implement 
needs to be steered in order to stay on the desired path of travel. That 
information can than either be visibly displayed to a driver or sent to an 
automatic steering system. 
 
 
 
 

N 

Figure 18. This shows an 
example of how the 
guidance system can 
predict where the tractor will 
drive to based upon it’s 
current location, speed, and 
heading. 
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Static accuracy vs. Pass-to-pass consistency 
As was mentioned previously, pass-to-pass consistency is typically more important to guidance systems than is 
static accuracy, but that does not mean that static accuracy has no importance. 
 

Below is an example of a field being sprayed with pesticide. On day 1 the error in static accuracy made actual 
the passes fall north of the GPS measured and recorded pass, but the pass-to-pass accuracy was high enough 
that things worked well for that day and the remaining passes were well spaced from one another. At the end of 
day 1 it rained. It was two days later before the farmer returned to spray the remainder of the field. In that time 
the position shift had changed and now the passes were south of the GPS measured line. which moved the 
farmers line far enough that he left an unapplied strip in the middle of the field. 
 

Figure 20. Black lines represent the actual passes made by the sprayer. The red lines represent the GPS calculated position 
on day 1, and the orange lines represent the GPS calculated position on day 3. The unapplied strip is represented by the 
light blue streak. 

60 ft 

60 ft 

70 ft 

70 ft 10 ft 





Concepts 

§  There is a risk that today’s precision 
agriculture could be precisely inaccurate 

 – Peter Nowak, 1998 

§  Are we stretching recommendations 
beyond their initial intent 
§ Herbicide example 
§ CSP program example 

§ PM1688 
§  VRT nitrogen in corn 



Profitability  

§  The concepts of PA can be debated for 
hours, but the purpose of the paper was 
to analyze profitability 

§  These concepts may help explain some 
of the variability found in PA profitability 
studies 



Profitability 

§ Profit is typically measured based 
upon net returns 

§ Environmental quality impact is 
difficult to measure in monetary 
terms 



Profitability 

Profitability in crop production comes 
in one of three ways:  

§  increasing crop yield for an area 
§  maintaining current yield levels with lower 

input costs or total expenses 
§  increasing yield and lowering input costs  



Data by technology 

Technology  Reported Benefit (%) 
  Yes No Mixed Base 
VRT-N  63 15 22 27 
VRT-P, K 71 29 0 7 
VRT-pH 75 0 25 4 
VRT-Seeding 83 17 0 6 
VRT-Yield Monitor Systems 43 14 43 7 
VRT-N,P,K General 75 8 16 24 

Adapted from Lambert, D. and J. Lowenberg-DeBoer. 2000. Precision agriculture profitability review  



Data by crop 
Crop Benefit (%) from PA Technology 

  Yes No Mixed Cases (#) 
Corn 69 15 17 48 
Potato Y (3) N (1) 0 4 
Wheat 42 33 25 12 
Sugar beet 80 20 . 5 
Corn-soybean 89 . 11 9 

Adapted from Lambert, D. and J. Lowenberg-DeBoer. 2000. Precision agriculture profitability review  



Net returns from PA data 
Technology Crop Returns from: 
    Conventional VRT Net ($/acre) 
VRT-N,P,K         
  Corn  $        5.49   $         (1.15)  $        (6.64) 
  Corn  .    $96.00-110.00   
  Corn, 3 yrs  $     279.45   $       298.84   $       19.39  
  Corn-soybean, 3 yrs.  $     305.43   $       321.02   $       15.59  
VRT-P,K Corn  $     188.26   $       187.25   $        (1.01) 
  Corn  .   .   $        (2.41) 
  Corn, w/grid samples  .   .   $9.14-40.89  
  Wheat  $     105.48   $       115.79   $       10.31  
  Soybean  $     156.72   $       159.59   $         2.87  
  Potato  .   .   $10.00-15.00  

Adapted from Lambert, D. and J. Lowenberg-DeBoer. 2000. Precision agriculture profitability review  



Profitability 

§  Different studies can have vastly different 
results 
§  Is there a truly 100% accurate answer to the 

question about profitability of VRT in corn-
soybean production? 

§  Is there such a thing as a representative 
field? 

§  Do higher prices for commodity crops 
and crop inputs change the outcome? 



Profitability 
§  Grid Sampling 

§  Fertility history – manure, past applications 
§  Is the field owned 
§  Is there a larger issue than fertility 

§  Yield mapping 
§  Size of operation 
§  Will the data be gathered correctly and used 

§  Guidance 
§  Size of operation 
§  Number of implements it can be used on 
§  Needed accuracy 



Summary 

§  It is almost certain that today’s 
conventional agriculture is inaccurate 

-Ken O’Brien, 2008 

§  No one study of the profitability of PA can 
apply to every field or every farming 
operation 

§  In general, the majority of research 
shows PA to be profitable, but…. 
§  Typical agronomist answer – it depends…. 


