
Silsoe College                                                                                                                      Chapter 3

Mark Moore (1997) 29

3. Yield Sensors

3.1 Overview

Mowitz (1993) reports that at least 17 companies and universities have started some form of

program to research the development of a yield sensor.  However, as mentioned in Table 2.1,

there are five main yield sensors which are commercially available and being marketed by

different companies today.

Stafford et al. (1994) suggest a number of features that should be incorporated into the design

of a yield meter.  Firstly, it should not impede the flow of grain or be a potential cause of

blockage.  Therefore, the sensor should ideally be non-invasive into the flow of grain.

Secondly, it should be insensitive to mechanical vibration transmitted through the machine,

and therefore, reliance on techniques for strain gauge measurement or indirect flow

measurement such as monitoring the torque of a conveying auger should be avoided.

3.2 A review of commercially available Volumetric yield sensors

3.2.1 Claas Yield-O-Meter™

The Claas yield-o-meter was developed by Mr J Claydon, Norfolk, UK, and operates on a

volumetric principle.  Mounted between the outlet of the clean grain elevator and the inlet of

the grain tank bubble auger is a paddle wheel.  A head of grain is maintained above the paddle

wheel.  As the grain reaches a pre-determined level a sensor is activated.  The paddle wheel,

which is power driven by the combine harvester, rotates in response to the level at which the

sensor is activated.  The computer counts the number of times grain is discharged from the

paddle wheel into the grain tank bubble auger.  Stored in the computers memory is data on

the volume of the paddle wheel.  The volume of grain is therefore calculated by multiplying

the fixed volume of the paddle wheel by the number of paddle wheel revolutions.  Manual

calibration of crop density must be pre-programmed into the yield sensor’s computer, which is

then used to convert volume of grain into mass.
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Level Sensor

Figure 3.1 - Operation of the Claydon Yieldometer

The paddle wheel rotates at a constant 100 r.p.m while harvesting.  However, the capacity of

the measuring system is about three times that of a typical harvesting capacity, which means

the paddle wheel is turning at approximately only 30% of the time.  There is no danger

therefore, of the system becoming blocked.

3.2.2 RDS Ceres™ yield sensor

The Ceres volumetric system, marketed by RDS Technology, UK, is based on design by Claas

GmbH, Germany, who own the patent rights.  The system is not integrated into a specific

combine harvester and can be retro fitted to any machine.  A light source is mounted as high

as possible on one side of the clean grains elevator.  On the opposite side of the elevator is

mounted a photosensor, which determines whether or not it can detect light from the light

source.  The light source and photosensor measure indirectly the height of grain on each

paddle as it travels up the elevator; (the greater the yield - the higher the height of grain on

each paddle - the less time the photosensor detects light as the paddle passes).  Recording the

time the photosensor did not see light, the computer converts this time measurement into a

value equating the height of grain on the elevator paddle.  From this, the computer calculates

the cross section (2 dimensional) area of grain carried by the elevator flights, which is then

converted into volume (3 dimensional).  Finally the computer calculates the mass of grain.

The density of the crop measured has to be pre-programmed into the computer.
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Figure 3.2 - The RDS Ceres volumetric yield meter

3.3 A review of commercially available Mass Detection yield sensors

3.3.1 Massey Ferguson - (Flow Control™)

The Flow Control system used by Massey Ferguson for measuring yield is fully integrated into

the combine’s electronic system.  A gamma source is mounted below the clean grains elevator

head and forms a window of gamma rays that the harvested crop flows through.  Mounted on

the opposite side of the elevator is the detector unit which measures the level of the gamma

rays as they exit the elevator.  With no grain flowing through the combine, the detector is

receiving the maximum level of gamma rays (approx. 30,000 counts per second) from the

source.  As harvesting commences, grain passing between the gamma source and detector

block some of the radiation, and the level of gamma rays is therefore reduced (e.g. 25,000

counts per second).  The reduction in gamma rays (e.g., 5,000 counts per second) is measured

by the detector.
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Figure 3.3 - The Massey Ferguson mass detection yield meter

Radiation is absorbed exponentially following the approximate equation;

 lo = li exp (- µ ρ x )

Where li  = radiation intensity into the elevator
lo = radiation intensity out of the elevator
µ = mass absorption coefficient
ρ = density of material
x = distance between source and detector

In the harvesting situation the mass absorption coefficient and distance between the source

and detector remain constant.  Consequently, the intensity is a function of the material density

only.

3.3.2 Micro-Trak™

The Micro-Trak yield sensor is a system that can be retro-fitted to a large number of different

combines.  The yield sensor, which is installed on the clean grain elevator, records the flow of

grain by measuring the force applied to a sealed load cell.  The sensor forks extend through

the top of the clean grain elevator into the flow of grain.  As grain moves past the forks, from

the clean grain elevator to grain tank bubble auger, a force is applied to the sensor.  The



Silsoe College                                                                                                                      Chapter 3

Mark Moore (1997) 33

amount of force is dependant on the flow of grain; the greater the flow of grain the more

force is applied to the sensor forks.  This is dependant on the speed of the elevator, a faster

elevator speed will produce a greater force on the sensor forks.  As force is applied, a

frequency is generated and sent to an electronic module.  The frequency is compared to

calibration values and converted into yield.  The data yield is relayed to a console in the

combine cab where it is displayed to the operator.

Grain Flow
Sensor

Sensor
Forks

Figure 3.4 - The Micro Trak yield sensor

As the system is not an integral part of the combine harvester, Micro-Trak (1996) state that it

is important that correct set-up and calibration of the system is carried out.  The manufacturer

will only guarantee accuracy if this is done.  Micro-Trak also suggest that regular calibrations

are required throughout the harvest season to maintain the accuracy of the yield sensor.

3.3.3 Ag-Leader 2000™
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The Ag-leader 2000 yield sensor operates on a similar principle to that of the Micro-Trak

system.  Mounted in the top of the clean grains elevator is an impact plate, which forms the

basis of the measuring device.  The grain leaving the elevator is deflected towards the grain

box and then augured into the grain tank with the aid of the bubble auger.  The deflection of

the grain flow is caused by the impact and friction forces between the impact plate and grains.

To measure the force the curved plate is mounted on a force transducer which transforms the

force into a voltage which acts as the signal output.  The speed of the grain impacting the

plate is partially controlled by the speed of the elevator.  To compensate for any change in

force because of changes in elevator velocity, the speed of the elevator is monitored.  The

force is compared to calibration curves held within the system’s computer and the signal

output is converted into a mass flow rate.

3.4 Yield sensor accuracy

Much research has been presented on the performance of yield sensors and their accuracy.

Stott et al. (1993) fitted a Claas 116 CS combine harvester with a Claydon Yieldometer to

continually measure corn yields whilst harvesting two 4ha plots near Oran, Missouri, USA.

To validate the accuracy of the yield monitor, Stott compared the total corn yields from the

two plots with weighbridge weights.  The error obtained for the total yield was -3.78% for

plot 1, and -3.25% for plot 2.

Reitz et al. (1996) researching potential errors in the Ceres system, particularly when used on

slopes where grain shift on the elevator fights can be experienced, evaluated other sensors to

attempt to improve the overall accuracy.  Two additional light barriers were arranged

alongside the driving direction of the combine to improve the device for volume flow

measurement.  If grain shift occurred as a result of slopes, flow could be measured more

accurately.  A grain density measuring device was also developed which would automatically

compensate for variation in crop density, and a moisture sensor was added to monitor

changes in crop moisture.  Reitz et al. (1996) concluded that when combining on slopes the

additional light barriers would improve the accuracy of the system.  In field tests is was

calculated that the yield sensor had an accuracy of less than 3% over the whole field.
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However, the maximum error for each individual trailer load increased to 5%.  Test runs in

small plots show that spot errors of up to 10% were possible.

Reitz et al. (1996) also concluded that the relationship between the quantity of light detected

was not linear to grain flow and that it also varied between combines.  The relationship was

influenced by crop species, its moisture content and the inclination of the combine to the

horizontal.

Hummel et al. (1994) state that grain flow within a combine can be measured accurately for

the entire spectrum of flows by using photodiodes and a light source to determine the height

of grain on individual elevator paddles.  During tests, the grain flow sensor measured the total

quantity of corn harvested to within 3% in most field conditions.  However, calibration of the

sensor was required as the relationship between measured grain height and actual grain flow

rate is non-linear.  Hummel et al. (1994) also state that the volume grain sensor appeared to

be able to detect and record the fluctuations in grain flow in the clean grain elevator as

accurately as the commercially available impact sensor yield monitors.

RDS Technology (1992) compared the performance of their Ceres yield sensor with that of

the Claydon yield-o-meter (Claas).  For each trailer load of grain three different weights were

obtained: (1) the true weight obtained from a weigh-bridge, (2) the estimated weight from the

Ceres yield sensor, and (3) the estimated weight from the Claydon yield-o-meter.  A

comparison was then made between the three different methods of measuring yield.  RDS

Technology concluded that their Ceres system was consistently accurate to within +\-3% of

the  sample trailers taken over the weigh-bridge.  It was also found that the Claydon yield-o-

meter was regularly under-estimating the true weight and had an average error of -3.6%.

Auernhammer et al. (1993) compared the performance of the Massey Ferguson flow control

system with the Claas yield-o-meter.  To monitor the accuracy of both yield sensors, they

compared the weight of 274 individual grain tank loads with reference weighbridge values for

two consecutive seasons in 1991 and 1992.  He concluded that the overall performance of

both yield sensors were very similar.
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Schroder et al. (1995) commented on the basic simplicity and user friendliness of the MF

system. It was concluded that yield mapping with the Massey Ferguson system was greatly

aided by the sensor’s non-intrusion into the flow of grain and its direct measurement of grain

mass rather than volume.

Macy (1994), collected data from 36 combines where Ag-Leader 2000™ estimated weights

were compared with actual weights from trailer loads of corn and soyabeans.  On 437 checks

made in corn, a standard deviation of  2.7 % error was obtained.  In soybeans, 283 checks

resulted in a standard deviation of 2.5 % error.  Macy concluded that an error for the AG-

Leader 2000 of approximately 2.5 % was satisfactory.

Birrel et al. (1996) compared the operation of the volumetric-based Claydon Yieldometer

yield sensor with the impact-based Ag-Leader Yield Monitor 2000™.  To determine the

accuracy of individual yield obtainable from each system, a number of experimental corn fields

were harvested and continuous yield measurements recorded.  It was concluded that both

yield sensors showed a very high correlation with batch weights.  However, the discrete

operation of the volumetric monitor introduced significant errors in the calculation of

instantaneous yield.

When comparing the mass flow of grain accumulated over a period of time with reference

weights obtained from a weighbridge, the accuracy of yield sensors are generally reported to

be within +/- 5%.

Hoehn (1997) reported on research carried out at the Ohio State University, USA, where it

was suggested that there were three different ways of determining the accuracy of yield

sensors.  The first was by whole field weights, where estimated yield sensor weight is the sum

of all calculations performed by the yield monitor for that given field.  The second was strip or

batch weight, and the third was spatial or instantaneous accuracy.  It was concluded that field

weight was the most accurate, followed by batch weight.  It was also stated that instantaneous

accuracy was the most undeveloped area of research with no conclusive evidence to support

manufacturer’s claims.
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Many researchers have quantified the ability of different yield sensors to measure grain flow

over a period of time, or the batch weight accuracy.  However, to date, there has been very

little research work done to quantify the accuracy of instantaneous yield values derived form

yield sensors.  This must be redressed, as it has been suggested that the instantaneous mass

flow rate is the essential measurement required to produce an accurate yield map.

3.5 Validation of “Flow Control” yield sensor

The validation of yield data derived from the “Flow Control” yield sensor has been calculated

for two situations: (i) absolute yield values and (ii) instantaneous yield values.

3.6 Absolute yield values

To validate the performance of the yield meter in terms of absolute yield values in a

commercial farming situation, a series of batch weights derived from the yield sensor were

compared with reference weights obtained from a weighbridge.  This was carried out over a

period of two years.  In each year, two different trial fields were established and sown with

Winter Wheat.

3.6.1 Results from batch weight analysis

Figure 3.5 illustrates a batch weight breakdown of predicted and reference grain weight

percent difference for New Hampshire field.  All the predicted grain weights, apart from two,

fall within +/-2%.  There appears to no logical explanation as to why the last two batch

weights fall outside the +/-2% tolerance. Perhaps this could be due to the performance to the

yield meter when measuring a very low grain flow rate which is experienced through the

combine when narrow runs are finished at the end of harvesting the field.  The total predicted

grain weight for the entire field differed from the weighed grain weight by -0.5%.  The

average flow sensor accuracy for the other three fields was similar to that found in New

Hampshire, (Appendix 11.7).
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Figure 3.5 - Yield meter error for each trailer load of grain (New Hampshire 1996)

Table 3.1 provides a summary of the predicted and reference grain weight for the four fields.

Most of the predicted weights for each trailer load of grain fall within +/- 2%.  Flow sensor

accuracy was found to be consistent in terms of predicting batch weights of approximately 8t.

For the four trial fields the total predicted weight differed from the weighed grain weight by

an average of -0.4%.

Table 3.1 - Absolute yield values derived from yield sensor for each trailer load of grain

Field Number Yield Sensor Error (%) Total weight

of checks Min Max. Average sd from weighbridge
(t)

Mississippi 1996 8 -2.08 0.00 -1.18 0.75 66.41

New Hampshire 1996 10 -1.77 3.86 -0.47 1.67 85.66

Top Pavements 1994 9 -2.61 2.33 0.08 1.56 81.23

Knapwell 1994 11 -3.17 4.27 0.01 2.80 83.66

Average error -0.39 1.70

3.7 Instantaneous yield values

To quantify the accuracy of measurement of grain flow by yield sensors on a spot basis a test

rig was built which was specifically designed to perform this function.  The test rig consisted

of certain mechanical parts of a combine harvester.  A clean grains elevator was assembled

and mounted on a fabricated steel frame at the correct angle to simulate its actual position in
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the combine harvester.  A grain hopper was then manufactured from the bottom of half of a

combine’s shaker shoe.  To move any grain towards the elevator, a clean grains cross auger

was placed in the bottom of the hopper. The elevator and cross auger was powered by a 3-

phase electric motor with a rated power output of 3.5hp.  A “soft start” facility was

incorporated into the electrical circuit to facilitate a gradual take up of the chain which

directly drove the clean grain elevator and cross auger.  A Massey Ferguson “Flow Control”

yield sensor was installed on the test rig and used as the basis of the tests.  A schematic

diagram of the test rig layout is illustrated in Figure 3.6.

Grain
Hopper

Controlled
Aperture

Cross
Auger

combine
clean grain

elevator

Yield Sensor

Weighing
Hopper

True weight
signal from
load cells

Computer

Yield sensor
signal Computer

- Grain Flow

- Measured signal outputs

- Extent of test rig
Reference weight
signal from load

cells

Figure 3.6 - Schematic diagram illustration grain flow through test rig and signal outputs

During testing, a separate hopper was used to feed the test rig with grain.  The hopper

contained 750kg of Winter Wheat which flowed through the test rig during each individual

test run.  Grain flow into the test rig was controlled by an aperture at the bottom of the grain

hopper.  A constant flow rate was obtained during each test by using a mechanical stop to
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restrict the size of the aperture.  Grain being fed into the test rig hopper was conveyed by the

cross auger into the bottom of the clean grains elevator.  The elevator then conveyed the grain

up to the top where the grain flow measurement was carried out by the yield monitor.  Grain

exiting the clean grains elevator was carried down a chute and into an instrumented weighing

hopper.  The weighing hopper was suspended on load cells which were calibrated to weigh

the grain to within +/-1kg, Wheeler et al. (1997).  The grain flow derived from the weighing

hopper was used to validate the grain flow measured by the yield monitor.

The test rig was tested for any interference between the 3-phase electric motor circuit and the

yield monitor electronics.  A steel plate was placed between the yield sensor’s source and

detector (Figure 3.3) to simulate grain flow.  The yield sensor’s electronics and computer

were switched on and data, recording the simulated yield, started.  After 30 seconds the test

rig 3-phase motor was connected to the main circuit and powered up and the test rig was run

at its rated speed.  The data collected by the yield monitor was analysed for any effects from

the 3-phase power supply.  The results are presented in Figure 3.7.
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Figure 3.7 - Interference check by 3-phase power supply

As can be seen in Figure 3.7 the effect of the 3-phase motor being switched on after 30

seconds had no effect on the data being recorded by the yield monitors computer; therefore it
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was concluded that the 3-phase power supply would have no effect on the results of the grain

flow test.

The yield monitoring system was not calibrated for the crop flowing through it.  A standard

calibration value of 100 was used as the reference point by the yield meter to calculate the

flow and weight of grain, Anon (1997).  Any errors within the system should be constant if

the yield meter provides an accurate measurement of grain flow and weight.  Once any

constant error has been calculated, the data can be adjusted accordingly, in exactly the same

way as the system is calibrated on the combine harvester.

Two computers were used to log data from the test rig.  The first was used to log the output

from the yield monitor.  During each test the computer logged a grain flow reading every 2

seconds.  The single reading was a function of a number of readings taken over the 2 second

period.  The algorithms used to determine this value were controlled by the manufacturer.

For each individual test the grain flow readings were collected and stored on a PCMICA data

card.  There was little control over this aspect of the test as a standard production system was

being evaluated on the test rig.  Each run was given a job number which was used as a

common reference.  A bespoke computer program was used to read the data card and

“unpack” the data into a form that it could easily be imported into a spreadsheet for further

analysis.

The second computer was used to log data from the weighing hopper.  The output from the

load cells was recorded at a rate of 18.2Hz.  Data was logged via an RS232 output from the

hopper electronics into a lap top computer.  Another specially developed program was used

to derive a single grain flow value at a rate of 1Hz from the sample rate of 18.2Hz.  A

smoothing algorithm was also incorporated into the software to smooth the grain flow output.

The “smoothing” consisted of simple averaging algorithm which took the derived 1Hz sample

rate and averaged it with other values over a 6 second period.  This proved adequate as the

hopper was in the static condition.  The resulting output file was recorded as a text file which

could easily be imported into a spreadsheet for further analysis.

In addition, both systems recorded accumulative weight so that a single value giving total

weight could be derived from both systems for each test.
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During each test, a stop watch was used to time the flow of grain out of the hopper and into

the test rig.  The total measured weight was divided by that time, to determine the average

grain flow rate out of the aperture.  This was used as a check against the flow rates derived by

the weighing hopper.  If there was more than +/-1% difference between the two average flow

rates the test was disregarded.

The speed of the test rig was also closely monitored during each test to ascertain any effect

that increasing grain flow may have had on the velocity of grain flowing through the system.

However, any changes in speed due to increased grain flow could not be compensated for as

the manufacturer of the yield sensors regarded the algorithms, used to calculate grain flow, as

confidential information.

To evaluate the yield monitor, a number of tests were carried out at different flow rates.  The

flow rates obtained from the aperture ranged from 2kg/s to 10.5kg/s.  At each chosen flow

rate three replicates were carried out to confirm that there was a consistency between each

test.

The two data outputs, imported into a spreadsheet, were combined into a single file.  The

output from the weighing hopper was converted from 1Hz into 0.5Hz to allow the data

output string from the yield monitor to be matched with it.  Time was used as the common

variable between the two data sets.

The data obtained from the weighing hopper was further “smoothed” over a 30 second

period, except in areas where grain flow rate had either being increased or decreased.  These

areas were noted during the test run by using a stop watch and by recording the moment that

either a increase or decrease in grain flow was made.

The time difference between the yield monitor reading at the top of the elevator and the

weighing hopper was taken into account.  This resulted in the weighing hopper data being

shifted backwards by 2 seconds.  The two data sets, thus matched by time, were then used to

validate the performance of the yield monitor.
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3.7.1 Results of instantaneous grain flow measurements

The results and analysis from the instantaneous grain flow measurements were divided into to

three areas: firstly, a check on accumulative weights from both systems, secondly, an actual

comparison between theoretical grain flow derived by the yield meter and grain flow derived

from the weighing hopper, and thirdly, an evaluation of the yield monitors ability to react to

changes in grain flow.

3.7.2 Comparison of accumulative weights

The results of the comparison between reference total weights derived from the grain hopper

and accumulative weights derived by the yield monitor are summarised in Table 3.2.

There is some variability in the actual weight of grain measured by the weighing hopper.  This

is due to the fact that a small amount of grain was left in the discharge hopper at the end of

each test.  The amount left in the hopper varied on the size of aperture which was used to

control the grain flow out of the hopper and into the test rig.  A small aperture increased the

amount of grain left and reduced the total weight of grain in the weighing hopper, conversely

a large aperture increased the weight in the weighing hopper.

The total weight derived from each test by the Massey Ferguson “Flow Control” yield

monitor was also included, (Table 3.2).  Clearly these values are significantly variable and

perhaps are not unexpected, given the results obtained from the batch weights described

earlier (Table 3.1).

With the yield monitor calibrated at 100, the values obtained from the yield meter ranged from

a minimum value of 645kg up to a maximum value of 810kg with a standard deviation of

48kg.  The difference between the reference weight and yield meter weight is a measure of the

error of the yield meter and is also included in Table 3.2.

Table 3.2 - Comparison of accumulative weights derived from test rig and yield monitor

Job No. Average Grain Flow Total weights (kg)
kg/s t/hr Actual Yield Error
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Meter (%)
13 2.40 8.65 745 699 -7
25 2.40 8.64 739 665 -11
30 2.08 7.49 743 645 -15
21 3.04 10.96 747 683 -9
23 3.05 10.99 744 707 -5
28 2.99 10.76 741 678 -9
20 3.78 13.61 743 706 -5
22 3.76 13.52 745 730 -2
24 3.83 13.78 742 718 -3
17 5.59 20.14 748 781 4
29 5.43 19.53 744 759 2
26 5.26 18.94 743 755 2
31 6.38 22.95 744 766 3
33 6.42 23.12 740 761 3
35 6.40 23.02 741 760 2
37 7.40 26.65 742 761 2
39 7.52 27.07 739 773 4
41 7.53 27.12 739 773 4
43 8.22 29.60 740 792 7
45 8.58 30.89 737 795 7
47 8.76 31.55 735 795 8
49 9.41 33.86 735 803 8
51 9.34 33.63 741 799 7
53 9.78 35.21 731 809 10
55 10.46 37.64 731 807 9
56 10.67 38.40 732 809 10
57 10.55 37.99 734 810 9

The error or difference between reference weights and derived weights by the yield monitor is

illustrated in Figure 3.8.  There is a clear pattern in the data.  With the calibration value set at

100, the total weights derived by the yield sensor at relatively low flow rates produced errors

which were consistently under estimating the total weight of grain.  Conversely, weights

derived from high flow rates were consistently over estimating the total weight.  It appeared

that the weight of grain measured by the yield meter is dependant upon the flow of grain

through the system.  The values obtained from the tests fit (R squared - 0.95) a logarithmic

trend line.

These results contradict the results obtained from the batch weights described earlier in Table

3.1 when harvesting was carried out at approximately 6.5 to 7.5 kg/s.  Using the data from

test rig, errors of around 6% would have been obtained, whereas, in fact, the average error

across the four trial fields was -0.4%.  Furthermore, the spread of errors obtained from the
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batch weight tests were random and unpredictable and did not follow a consistent pattern

such as the one illustrated in Figure 3.8.

Errors for total weights derived by yield meter
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Figure 3.8 - Errors between actual accumulative weights and yield monitor

accumulative weights

As the actual speed of the test rig was not entered into the system a constant speed was

assumed by the yield sensor’s computer when calculating grain flow, when in fact it varied

considerably.  The speed of the test rig was very dependant on the grain flow rate.  At low

flow rates, the speed of the test rig tended to be 470rpm at 2.5kg/s.  However, as the grain

flow rate increased, the speed fell steadily to a minimum of 430rpm at 10.5kg/s.  At this point

the electric motor driving the test rig was not powerful enough to cope with anymore grain

flow and the system stopped.

In reality, when the yield meter is installed on a combine harvester, the speed of the elevator is

constantly monitored and used by the yield monitoring system to calculate the flow of grain,

Lange (1997).  Any change in speed is compensated for within the algorithms contained with

the combine computer.  However, the manufacturer was reluctant to allow a detailed analysis

of the algorithms used to calculate grain flow and weight.  Therefore it is impossible to

confirm that the steady fall in speed of the test rig is the reason for the pattern of errors.
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3.7.3 Comparison of instantaneous grain flow rates

As no definite explanation could be identified for the differences obtained between actual and

yield monitor total weights, a system of compensating was adopted to allow the comparison

of instantaneous grain flow rates.

The method adopted was based on the standard method used by combine operators to initially

calibrate the yield monitor, Anon (1997).  The method uses a formula to compensate for any

differences in yield meter performance due to the unique characteristics of the radioactive

source fitted to the harvester and crop type being measured, i.e. the specific density of the

crop type.  The simple formula is described below;

    Compensation factor = reference weight
                             yield monitor weight

Therefore, using this formula and the two values for total weight contained in Table 3.2,

calibration factors were calculated for each test run.  These calibration factors were used to

adjust the measured flow rates obtained from the yield monitor.  This enabled a direct

comparison of hopper flow rate with the measured flow rate derived from the yield monitor.

Any difference between the two values represents an error in the system’s ability to measure

grain flow, as this part had been totally isolated from any other factor affecting yield meter

performance.

The results from one of the tests carried out to establish the reliability of the yield monitor’s

output in terms of instantaneous grain flow is illustrated in Figure 3.9.  The grain flow rate

from the grain hopper is represented by the blue line.  This was derived from data collected

from the weighing hopper which was smoothed using a simple 30 second averaging

algorithm.  The measured flow rate by the yield monitor is represented by the red line and has

been subjected to a smoothing algorithm contained within a standard yield monitoring system.

The difference between the two is the error, and illustrates the ability of the yield monitor to

measure instantaneous flow rates of grain.  The initial “filling time” of the test rig is mainly

due to the smoothing algorithm used by the yield sensor, the affect of which is quantified

later. Similar examples for a range of different flow rates are contained in Appendix 11.8.
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Measured grain flow by yield meter @ 5.26kg/s (18.94t/hr)
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Figure 3.9 - Example of the results from a yield monitor flow rate test

The results of the analysis of actual flow rate against yield monitor measured flow rate are

illustrated in Table 3.3.  The errors contained in Table 3.3 are presented both as actual flow

rate (kg/s) and as a percentage.  Across all the different constant flow rates that were used

during the tests an average error of 0.049kg/s (0.8%) was calculated between measured flow

rate by the yield monitor and the actual rate of flow of grain.  However, the average errors

can be somewhat misleading as the range of error is more important when establishing the

yield monitors ability to determine the flow rate of grain.

The distribution of error obtained across the different but constant flow rates for the yield

monitor showed that the system under test conditions had an average standard deviation of

0.155kg/s (3.0%).  The average range of error established from the tests indicate that spot

errors of up to a maximum of 0.334kg/s (6.4%) and down to -0.315kg/s (-6.9%) were

evident.

Table 3.3 - Comparison of instantaneous grain flow rates derived from test rig

and yield monitor

Job No. Average Grain Flow Errors within Instantaneous grain flow measurements
kg/s t/hr Grain Flow kg/s percentage
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avg. std. min. max. avg. std. min. max.
dev. dev.

13 2.40 8.65 -0.085 0.159 -0.412 0.211 -2.37 5.66 -19.36 7.95
25 2.40 8.64 0.028 0.144 -0.347 0.396 0.81 5.94 -16.70 14.02
30 2.08 7.49 0.055 0.208 -0.382 0.482 1.65 9.56 -22.13 18.55
21 3.04 10.96 0.053 0.131 -0.230 0.302 1.58 4.20 -8.10 9.17
23 3.05 10.99 0.004 0.181 -0.515 0.406 -0.14 5.89 -18.60 11.52
28 2.99 10.76 0.036 0.186 -0.305 0.585 0.84 5.82 -11.25 16.29
20 3.78 13.61 0.018 0.173 -0.372 0.380 0.58 4.29 -10.26 9.20
22 3.76 13.52 0.013 0.131 -0.254 0.296 0.22 3.17 -6.51 6.85
24 3.83 13.78 0.074 0.135 -0.232 0.388 1.77 3.39 -6.47 9.15
17 5.59 20.14 0.024 0.094 -0.186 0.275 0.32 1.56 -3.34 3.49
29 5.43 19.53 0.070 0.149 -0.211 0.398 1.21 2.67 -1.84 6.92
26 5.26 18.94 0.075 0.085 -0.185 0.294 1.38 1.56 -3.65 5.27
31 6.38 22.95 0.137 0.125 -0.200 0.363 2.07 1.91 -3.22 5.40
33 6.42 23.12 0.080 0.145 -0.242 0.361 1.19 2.21 -3.90 5.30
35 6.40 23.02 0.141 0.112 -0.178 0.418 2.13 1.70 -2.84 6.20
37 7.40 26.65 0.214 0.158 -0.217 0.413 2.76 2.06 -2.99 5.26
39 7.52 27.07 0.050 0.125 -0.250 0.282 0.63 1.65 -3.43 3.62
41 7.53 27.12 0.159 0.119 -0.143 0.327 2.05 1.54 -1.90 4.20
43 8.22 29.60 0.020 0.210 -0.430 0.316 0.19 2.58 -5.49 3.75
45 8.58 30.89 0.094 0.222 -0.495 0.324 1.03 2.61 -6.04 3.65
47 8.76 31.55 0.130 0.157 -0.341 0.374 1.43 1.77 -3.97 4.15
49 9.41 33.86 -0.006 0.241 -0.555 0.328 -0.11 2.60 -6.18 3.42
51 9.34 33.63 0.185 0.154 -0.161 0.405 1.92 1.60 -1.70 4.16
53 9.78 35.21 0.024 0.163 -0.361 0.225 0.23 1.67 -3.81 2.26
55 10.46 37.64 -0.096 0.183 -0.494 0.179 -0.96 1.79 -4.82 1.69
56 10.67 38.40 -0.096 0.136 -0.412 0.135 -0.43 1.30 -3.98 1.24
57 10.55 37.99 -0.080 0.161 -0.407 0.143 -0.78 1.56 -3.99 1.34

The range of yield monitor errors associated with measuring instantaneous yield during each

individual test is illustrated in Figures 3.10 and 3.11.  Figure 3.10 represents the range of

errors as actual flow rates (kg/s) and Figure 3.11 represents the same errors but as a

percentage.  Logarithmic trend lines have been fitted to the average, standard deviation,

maximum and minimum errors in each case to emphasis the trends within the data.

The error range represented in Figure 3.10 shows that the tolerance of the yield monitor when

measuring instantaneous flow rates is reasonably consistent throughout different constant

flow rates used during testing.  However, there is a slight trend towards a narrowing of the

error range when measuring higher flow rates although the error represented as a standard

deviation is consistently around 1.5kg/s.
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Grain flow error between actual and measured grain flow
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Figure 3.10 - Range of yield monitor errors (kg/s)when determining instantaneous flow rate

As the tolerance is reasonably stable, the error expressed as a percentage will therefore

diminish as the flow rate increases.  This is illustrated in Figure 3.11.  Clearly, when

quantifying instantaneous flow rate errors as a percentage, the yield monitor at high flow rates

is more accurate than it is at low flow rates.  The yield sensor under test is, therefore, capable

of giving a more accurate indication of instantaneous grain flow at flow rates above 5kg/s

than it is below.
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Percentage error between actual and measured grain flow
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Figure 3.11 - Range of yield monitor errors (%) when determining instantaneous flow rate

3.8 The ability of yield monitors to measure changes in grain flow

The ability to respond quickly and measure changes in grain flow is an essential requirement

of any yield monitor if yield variations are to be detected during harvesting and accurately

depicted on a yield map.

The response time is a function of the smoothing algorithms used by the yield monitor’s

computer to filter the raw signal into an output that is more stable.  This signal, which has all

the irregularities removed, is used to give a consistently accurate indication of the flow rate.

Inevitably, however, there will be a compromise between the accuracy output of grain flow

and the ability of the yield monitor to quickly register changes in grain flow.

To determine response times for the yield meter under test, grain flow was changed during a

number of trial runs carried out on the test rig.

Grain, contained in the discharge hopper, was allowed to flow from it into the test rig where it

was conveyed by the cross auger into the  bottom of the clean grains elevator.  During each

test, the rate of grain flow was changed to simulate yield variations in an actual field situation.
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The different flow rates were obtained by the altering the size of the aperture in the bottom of

the grain discharge hopper.

The changes in flow rates were timed with a stop watch to allow the them to be detected in

the data during analysis at a later stage.  A variety of changes in grain flow were used, ranging

from small to large changes.  Both increases and decreases in grain flow were also included in

the test program.

Figure 3.12 illustrates the results from one of the tests carried out to establish the yield

meter’s sensitivity to changes in grain flow.  The initial grain flow from the hopper was low.

After 58 seconds the aperture at the bottom of the discharge hopper was enlarged to increase

grain flow.  The increase in grain flow was detected by both the weighing hopper (red line)

and the yield sensor (blue line).

Measured grain flow by yield meter
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Figure 3.12 - Example of tests carried out on yield meter to establish response times

The response time is the time it takes for the signal from the yield monitor to register the

change in grain flow.  Therefore, the start of the response time coincides with the opening of

the aperture in the bottom of the discharge hopper, and its end coincides with the moment the

yield monitor signal was within +/-3% of the actual flow rate.
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Table 3.4 shows the results from the tests carried out for increasing grain flow.  The increases

in grain flow ranged from 0.70 kg/s up to 4.40kg/s with an average of 1.62kg/s.  This

produced an average response time of 11 seconds which enable the yield monitor to register

increases in grain flow of up to 0.13(kg/s)/s.

Table 3.4 - Results from test to establish yield meter’s ability to react to

increases in grain flow

Job No Increase in Yield Meter
Grain Flow Response Time

kg/s t/hr seconds (kg/s)/s
42 4.40 15.84 22 0.20
40 4.20 15.12 20 0.21
38 4.20 15.12 20 0.21
36 0.90 3.24 10 0.09
36 1.30 4.68 10 0.13
36 0.90 3.24 8 0.11
36 0.70 2.52 8 0.09
34 1.00 3.60 8 0.13
34 1.40 5.04 10 0.14
34 0.80 2.88 8 0.10
34 0.70 2.52 8 0.09
32 1.20 4.32 10 0.12
32 1.30 4.68 12 0.11
32 0.90 3.24 8 0.11
32 0.40 1.44 4 0.10

Table 3.5 shows the results from the tests carried out when decreasing grain flow.  The

decreases in grain flow ranged from a minimum of 0.40 kg/s up to a maximum of 3.20kg/s,

with an average of 1.58kg/s.  This produced an average response time of 13 seconds.

Therefore, the yield monitor is able to register decreases in grain flow of up to 0.11(kg/s)/s.

The results from either increasing or decreasing grain flow were very similar, and therefore it

can be concluded that the smoothing algorithms used by the yield sensor work equally for

both situations.  Across the different changes in grain flow used within the test program an

average response rate of 0.12(kg/s)/s was measured.

Table 3.5 - Results from test to establish yield meter’s ability to react to

decreases in grain flow
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Job No Decrease in Yield Meter
Grain Flow Response Time

kg/s t/hr seconds (kg/s)/s
54 1.75 6.30 14 0.13
54 1.65 5.94 12 0.14
54 0.95 3.42 12 0.08
54 0.80 2.88 9 0.09
52 0.65 2.34 8 0.08
52 1.00 3.60 12 0.08
52 1.60 5.76 14 0.11
50 1.80 6.48 14 0.13
50 0.95 3.42 10 0.10
50 1.75 6.30 14 0.13
50 0.40 1.44 6 0.07
48 2.85 10.26 18 0.16
46 3.20 11.52 20 0.16
44 2.70 9.72 18 0.15

y = -0.8224x2 + 7.7607x + 2.7083

R2 = 0.9426
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Figure 3.13 - Response time for yield monitor at different changes in grain flow

The combined results obtained for response times for both increasing and decreasing grain

flow are illustrated in Figure 3.13.  A clear pattern is evident in the data.  It can be seen that

the response time for the yield meter to react to different changes in grain flow is not linear

and a 2nd order polynomial equation fits the data accurately (R2 = 0.94).  Therefore, it



Silsoe College                                                                                                                      Chapter 3

Mark Moore (1997) 54

appears that the yield sensor under test is able to react slightly more quickly to large changes

in grain flow than to small changes.  However, this cannot be confirmed as the manufacturer

would not allow a detailed analysis of the smoothing algorithms which determine the response

times.


