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Summary

Development of
Yield-monitoring Combine Harvester

Eiji MAKINO, Takao SUGIYAMA, Tomohiko ICHIKAWA,
Kenji HAMADA, Michio KAWANAKA

When harvesting cereals such as rice and wheat, the following factors are important :
namely, the yield which indicates the production for that crop year, moisture content
which is an index of maturity at harvest time, as well as other forms of harvest-related
information. This information reflects the results of cultivation management policies and
practices at the crop year, and is indispensable when setting cultivation management
policies for succeeding years.

However, a farmer tends to give greater priority to harvesting efficiency than
information collection, because harvesting operations are greatly influenced by crop
conditions and weather. Consequently, it is difficult to obtain objective information on
yield, moisture content, etc. of a particular field during an actual harvest work. Thus,
collected information tends to rely on the memory of the farmer.

Moreover, latest Japanese agricultural production circumstances show that memory
and experience-oriented information is inadequate, and that objective as well as accurate
harvest information is required. Reasons for growing demands on such value-added
information include an increase in the number of large-scale paddy fields, implementation
of high quality production plans, optimization of operations and the increased use of
contract labor during harvesting.

A greater focus in nowadays on precision agricultural technology systems, in which
information on field harvest levels, moisture content and other data is indispensable.
Thus efficient methods to record objective and detailed harvest information are even more
desirable.

In Europe and North America, yield sensors and moisture sensors are commonly used,
and such sensors are installed on most of the large conventional combine harvesters.
However, as noted by Makino and Hayashi (2000), Gotoh et al. (2000) and Chosa (2004),
in contrast to the large, conventional combine harvesters used in Europe and the US,
compact, structurally different, head-feeding combine harvesters are widely used in
Japan, and it is difficult to equip these harvesters with the same types of sensors used in
the US and Europe.

One reason for that is smaller grain flow through Japanese-style head-feeding
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combines compared to conventional combine harvesters used in the US and Europe.
Additionally, it is noted that measurement error rates of US and European sensors during
low grain flow harvesting is high, and that durability of such sensors is poor when applied
to rice paddy (Gotoh et al., 2000).

Furthermore, nature of grain harvest in Japan, which requires higher moisture
contents than in the US and Europe, differences in measurement methods, differences in
instrument installation locations, various field conditions, and the difference in target
crops themselves. The direct use of US and European technology is impractical.

Previously in Japan, a great deal of research and development was conducted on
harvest information measurement. However, almost all such research rather focused on
measurement of harvested grain mass, and the development of sensors capable of
continuous measurement of moisture content during harvest operations was neglected.
Furthermore, with regards to the yield sensors themselves, although some were
developed for research purposes, they were considered impractical for use of commercial
farmers from the standpoints of measurement accuracy and ease of operation.

Thus, in this study, we decided to develop a combine harvester capable of
simultaneous measurement, display and record of the amount of harvested grain as well
as the moisture content of the grain and other vital information, during actual harvest
operations.

1. Basic Design and Trial Manufacture of Prototype Yield-monitoring Combine
Harvester

After conducting a fundamental evaluation of the required measurement accuracy,
work on the basic design of the prototype machine and each measurement system was
conducted. Then, technical development of the components needed for an electrical
resistance moisture sensor that was capable of making continuous measurement was
performed. The development of the electrical resistance moisture sensor is also focusing
on suitability for installation on a head-feeding combine harvester. Finally, a prototype
combine harvester was constructed based on this study.

1) The yield and moisture of paddy rice at harvest time was investigated and, based on
the studied accuracy required for the yield measurement capability of an equipped
combine, a target of a mass measurement error was set. The targeted tolerance was
within 5% when harvesting a block greater than 1 are. Furthermore, a moisture
measurement range of 15~35% was set, and its measurement accuracy is 1%, as for
predicted measurement error.

2) The prototype development machine was a head-feeding combine harvester. It was
equipped with a mass measurement device, a moisture measurement device, a position
information device and a control and display device. The mass measurement device
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consisted of a load cell supporting one end of the combine tank, and an inclination sensor
was installed near the load cell. The load cell is capable of measuring the total mass of
grain in the tank. Moisture measurement was performed by multiple grain type electrical
resistance moisture sensor. By the developed moisture measurement device, sampling
and measurement was done immediately after spreading grain kernels inside the tank.
The position information measurement device and the control and display device were
using simplified methods without GPS in this study, but the GPS-based PF Navigator
developed in BRAIN (IAM) is also available.

3) Additionally, a new moisture roller electrode was developed for the moisture
measurement device, for which use of the calibration curves from conventional single
grain electrical-resistance moisture sensors was made possible. In laboratory tests, the
results of measurement accuracy using high moisture content unhulled rice gave a value
for standard error prediction (SEP) at 0.55. The value for measurement of high moisture
content unhulled rice, of about 30% and even higher, was not saturated, nor fluctuated,

~ and with very good accuracy.

4) Based on the studied fundamental design specifications, a prototype of yield-
monitoring combine harvester was manufactured and continuous measurements of mass,
moisture and position data were made during actual harvest operations.

2. Development of Measurement System

System development of measurement accuracy for the yield-monitoring combine
harvester includes consideration of time-lag correction methods, inclination correction of
the load cell output for the mass measurement device, as well as calibration curve
creation and confirmation of the accuracy of simple position measurements without using

GPS.

1) With regards to time delay, measurement was done to find out the time difference
between the point the harvesting sensor was turned on/off and the points at which the
output from the mass measurement and moisture sensor show changes. As a result
obtained time lag was about 15 seconds for both. In this study, a complicated correction
for time lag was not conducted, and, as a practical method for data processing, the time
lag was assumed to be uniform during data processing. The mode value and observation
results for measurement data from the mass sensor and moisture sensor units were
similar. As a result, the assumed time lag was set at 15.0 seconds.

2) TFor the mass measurement device, inclination correction using an inclination sensor
installed near the load cell was found to improve measurement accuracy. Actual
harvesting was conducted and the calibration formula for the mass measurement device
was obtained. The results showed that, for both paddy rice and wheat, an R>0.99
calibration curve was possible. ‘
3) The position measurement device was able to determine position within an error
range of less than one meter during actual harvest operation.



B - AL - T - A ) IERIEERES & = 8 L DOBAZE 59

4) Wheat harvest work was done using the prototype yield monitoring combine
harvester. Mass maps, moisture maps, and yield per-10a maps, were thereby made easily.

3. Verification of Performance of Developed System

In order to verify the performance of the prototype yield monitoring combine harvester,
the measurement accuracy of the mass measurement device and moisture measurement
device were tested. Particular attention was paid to the mass measurement device. The
test was conducted over the harvest of whole paddy fields, the harvest of small block
mesh areas, and harvesting at various grain flow rates. Furthermore, a full set of harvest
operations was conducted and the maps produced by the mapping system were considered.
The characteristics and technical development issues for the yield monitoring combine
harvester were then reviewed based on the verification test results of each system.

1) The mass measurement device for wheat and paddy rice harvesting recorded a
measurement error of 5% and under for 90% of the test blocks (maximum 8% and
under) and achieved its targeted level of measurement accuracy. Measurement accuracy
was high regardless of the operating speed. Furthermore, regardless of harvesting
method, the measurement accuracy for each field was high. Small block mesh
measurements for wheat and paddy rice were both within about 3 kg and showed high
accuracy. '
2) The moisture measurement device for paddy rice had a coefficient of correlation
r=0.99 and a standard error of prediction SEP=0.98. For wheat, r= 0.98 and SEP=1.28
were achieved without any influence by operating speed or variety.

3) For harvesting operations with headland turning in the field, maps were easily
created. Furthermore, simultaneous analysis of three map types, namely, harvest mass
maps, moisture maps and moisture 15% conversion yield per-10a maps, was made
possible to allow appropriate assessment of cultivated fields.

Tech. Rep., Inst. of Agric. Mach. No. 37 : 1-59 (2009)
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