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ABSTRACT Scientific efforts for determination of instantaneous crop yield in recent
decades have been mostly focused on cereal crops. Similar but more recent investigations
have been initiated in order to prepare yield maps for silage crops due to its importance as
a major feed stock. The main goal of this investigation was field evaluation and
comparison of two newly developed silage corn yield monitoring sensors. The first sensor
was based on using the momentum of chopped material impacting a pivoted plate
installed at the chopper discharge spout and the other sensor was based on measuring the
torque transmitted by the tractor PTO shaft driving the silage corn chopper. To
accomplish this goal, a pivoted plate sensor equipped with a computer based data
acquisition and processing system and a strain gauge type torque meter equipped with
memory card data logger were designed and constructed. Results of calibration tests of
the two sensors at specific mass flow rates of 6, 8 and 10 kg/s showed good correlation
between electronic circuit’s outputs and mass flow rate with R* of 0.97 and 0.99 for
torque meter and pivoted plate sensors, respectively. Also field tests showed no
significant differences between the experimental treatments (two sensors) and control
treatment (a platform scale weighing system acting as an accurate reference) at
confidence level of 95%. The results showed that the output signals of these two sensors
are truly correlated with variations in mass flow rate as detected by an accurate reference
scale.

Keywords: Silage corn, Yield monitoring, Mass flow sensor, Torque meter.

INTRODUCTION One of the most important parts of precision farming cycle is yield
monitoring. It is important due to its complexity in measuring instantaneous mass flow
rate, especially in non grain crops. In recent decades, investigations were focused on
design and evaluation of new approaches for measuring instantaneous mass flow rate of
different crops during harvesting operations.

Vanischen and De Baerdemaeker, (1993) developed a new approach for measuring silage
corn instant flow rate. They used a silage corn harvester instrumented with strain gauge
based, torque sensors fitted on main blower shaft and main drive shaft of cutter head, feed
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rolls and front attachment. The device was also equipped with a radar speed sensor to
detect ground speed and location of harvester in the field. The statistical analysis showed
linear relationship between mass flow rate and processed output signal of the torque
transducers. The resulted yield map for 1.2 ha field showed yield variation of 1.2 to 4.8
kg/m? with an average of 3.2 kg/m? and standard deviation of 0.64 kg/ m? After soil
sampling, 67% of yield variations could be explained by soil sample variations.

Missoten et al. (1997) designed and constructed an impact plate sensor which was
installed in spout of a drawn chopper. This sensor consisted of a curved plate which was
sensitized to contact force produced by centrifugal force of chopped materials passing
through the curved portion of the chopper spout. This technique was completed by adding
a deflector to guide chopped material toward the impact sensor. To eliminate the effect of
speed changes of passing material, a radar type speed sensor was installed, additionally.
Results showed linear relation with R?=0.985 between mass flow rate and output data
through the sensor.

Savoie et al. (2002) equipped a forage harvester with five types of mass flow sensors and
also a high-dump wagon instrumented with four weighing load cells as a platform scale
system to check the sensors accuracy. Their results showed that impact force in the spout
produced a very good linear correlation with mass flow rate (R*=0.95). Feed roll
displacement sensor produced the second best linear correlation with mass flow rate
(R°=0.863). Torque measurement at the PTO shaft and at the cutter head required a
moisture correction to improve correlation with mass flow rate. The capacitance—
controlled oscillator was poorly correlated with mass flow rate but yielded the best
correlation with moisture content (R?=0.66).

Lee et al. (2002) constructed a trailer equipped with load cells that could measure the
weight of chopped material. They used a blue tooth data transmitter to transmit the out
put signals of load cells to potable computer. By using GPS data and sensors output they
could prepare a yield map for silage crop.

Miklenda et al. (2006) used a modern mower conditioner equipped with a torque meter
and tachometer in order to measure instantaneous mass flow rate as a function of
instantaneous power consumption of forage harvester. They conducted evaluation tests in
field conditions and found significant statistical dependence between consuming power
and instantaneous mass flow rate with 99% confidence level. By using this technique and
also a DGPS receiver which was mounted on a harvester, they prepared a yield map for a
test field.

MATERIALS AND METHODS

Mass flow sensors structure In this research, two new approaches which are used as
silage corn yield monitoring sensors were evaluated in order to evaluate their
performance in field conditions.

The first method was based on momentum of chopped material impacting a pivoted plate
installed at the chopper discharge spout as shown in figurel. A precise rotary
potentiometer was installed in line with the pivot shaft of the impact plate and measured
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the degrees of plate rotation proportional to the amount of chopped materials discharging
the spout of the chopper. To monitor the instantaneous changes in degrees of plate
rotation as a function of material flow rate, a computer-based electronic circuit was
designed and fabricated. This circuit used a microcontroller type AVR as the main
processor. This processor receives the output voltage of the potentiometer (0-5 Volts)
proportional to the instantaneous changes in degrees of plate rotation. This signal is
converted from analog to digital value and then is sent to the portable computer through
serial port.

Figure 1. A pivoted plate mass flow sensor installed at the chopper discharge spout.

The other method was based on measuring the torque transmitted by the tractor PTO
shaft, driving the harvester. To fulfill this, a digital strain gauge-based torque meter was
constructed. The torque-meter was installed between tractor PTO shaft and the chopper
harvester drive line. This torque-meter was equipped with MMC card data logger to save
transmitted torque data for further processing. The required power of electronic circuit
was supplied by two alkaline batteries which were placed in a box opposite to the circuit
box on a torque meter (figure 2).
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Platform scale weighing system To evaluate accuracy of the mass flow sensors in field
conditions, a drawn type wagon was equipped with a sub frame and a precise weighing
load cell to continuously weigh the chopped material poured into its storage bag. This
wagon was used as a control treatment (accurate reference) in field trials (figure 3).
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Figure 3. Schematic diagram (left) and structure of the platform scale weighing system (right).

Sensors calibration and test The output signals of the two sensors should be calibrated in
order to show instantaneous mass flow rate in kg/s. To fulfill this, a calibration test was conducted
in field conditions. To calibrate the sensors, a part of the test field was prepared with artificially
selected crop densities to provide predetermined feed rates of 6, 8 and10 kg/s each in 5
replications. (These feed rates were selected according to the ground speed of tractor and
weighted samples which were randomly harvested from the field).

Finally, field tests were conducted in the experimental silage corn fields of College of
Agriculture, Shiraz University, Shiraz, Iran. In these tests a small plot of three crop rows
each 20 meters long was prepared and tested.
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RESULTS AND DISCUSSION

Results of calibration test In the calibration tests two main goals are followed:

1- The output signals of mass flow sensors are expected to show statistically significant
difference among the treatments (artificial mass flow rates.

2- Finding a calibration curve to use afterwards in the field tests.

To achieve the first goal as it can be seen in figures 5 and 7 ANOVA test and Tamhane
post hoc test was performed and showed that the average output signals had significant
difference at 95% confidence level in different treatments. With regard to the normal
distribution of data in all treatments and high correlations between output signals of
electronic circuits and instantaneous mass flow rates, in both torque meter and pivoted
plate sensors, the second goal was certainly achieved (Figures 6 and 8).
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Figure 5. Significant changes in average torque detected by the torque meter sensor
at different treatments.
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Figure 6. Calibration curve for the torque-meter sensor.
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Figure 7. Significant changes in average plate rotation detected by the pivoted plate sensor at

different treatments.
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Figure 8. Calibration curve for the pivoted plate sensor.

Results of field tests The result of ANOVA test as presented in tablel, shows no
significant difference at 95% confidence level between instantaneous mass flow rates
detected by both sensors with respect to the reference scale. This indicates that both mass
flow sensors are able to detect the mass flow rate of the chopper harvester with the same
accuracy as the reference scale.

Figure 9 shows special variations of chopped silage corn harvested along the test field as
detected by reference scale and both mass flow sensors. In spite of relatively high
fluctuations of the sensor outputs, both sensors are following the same pattern of mass
flow rate changes as the reference scale.

Table 1. Analysis of variances

SOV Sum of Square DF Mean of Square Fs Fo.os
Treatment 15.434 2 7.717 2.172"™ | 3.00

Error 554.229 156 3.553

Sum 569.663

ns: no significant difference between averages in different groups at confidence level of 0.05
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Figure 9. Instant mass flow rate changes during the field test for all treatments.

Figures 10 and 11 illustrate variations of accumulated mass of the chopped silage corn
during the field tests detected by the torque meter and pivoted plate sensors versus the
accumulated mass weighted by the reference scale, respectively. Close to one slopes of
the best fit 1-1 lines correlating the experimental data points (1.077 and 0.903) with R%
of 0.998 and 0.997 approve good accuracy of both mass flow rate sensors. Further
agreement between the results of both mass flow sensors is inferred by the goodness of fit

46 51

(R?=0.999) of the 1-1 line correlating the experimental data points in figure 12.
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Figure 10. Variations of accumulated mass detected torque meter sensor versus

accumulated mass detected by the reference scale.
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Figure 11. Variations of accumulated mass detected by pivoted plate sensor versus
accumulated mass detected by the reference scale.
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Figure 12. Variations of accumulated mass detected by pivoted plate sensor versus
accumulated mass detected by torque meter type sensor.

CONCLUSION lIn this research, the accuracy of two newly developed silage corn mass
flow sensors, namely a pivoted plate and a torque meter type were evaluated in field
conditions. The results showed that the output signals of these two sensors are truly
correlated with variations in mass flow rate as detected by an accurate reference scale,
thus any of these two sensors could be used in silage corn yield monitoring with high
reliability and confidence.
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