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AN ON-BOARD FIELD AREA METER FOR
AGRICULTURAL MACHINERY

Yuan-Yong Hsu*, Kuo-Ching Chiou*, Cheng-Ta Chung*, and Tsung-Hua Hsu**
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ABSTRACT

In this work, an on-board field area meter with simple
structure and low cost is developed on agricultural machinery
in order to measure the cultivated area. It consists of a simple
compass for position measurement and a proximity switch for
distance measurement. Furthermore, an 8051 series micro-
processor is employed to perform the calculations required
for calibration and contour integral. The device is designed to
be operated in either manual or automatic mode. Field tests
carried out on a peanut gathering machine and a corn harvester
show that the errors of the measured area in both operation
modes are less than 2.5%. Hence, it is highly expected that
this device can offer great contribution to agricultural auto-
mation.

I.INTRODUCTION

Agricultural machinery requires position data for applica-
tion as precision farming [1] and a network service [5]. In
addition, farming workers, who operate agricultural machin-
ery such as corn harvesters and peanut gathering machinery,
etc., usually need to measure the field area they have culti-
vated in order to calculate the corresponding pay. However,
there always exists dispute on the amount of payment between
workers and employers due to the lack of accurate cultivated
area. Therefore, it is essential for the farming business to
develop a simple device which can be used to measure the
cultivated field area in a very accurate and efficient manner.

A common method to calculate the area of an irregular
closed contour is to allocate several points on this contour
using an absolute or relative coordinate. Then, a vector method
is used to calculate the areas of the polygons generated by
these points. Finally, an approximate value of area for the
contour is obtained by summing up these areas. Generally, the
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more points on the contour are selected, the higher accuracy of
the calculation can be attained. The common shapes of fields
are rectangle or polygon. Therefore, a sufficiently accurate
result can be gained by only choosing the points of turn. An
absolute position for a selected point can be got by directly
receiving the signal emitted by global positioning system
(GPS). However, its position error is beyond 3 m. The error
of calculated area may be higher than 50% for fields with area
less than one hectare. If differential global positioning system
(DGPS) using signal stations on the ground for calibration is
applied instead [3], the errors can be significantly reduced to
about 1 m. Unfortunately, these stations are usually located in
urban area and too far away from fields in a countryside to be
utilized for DGPS. Therefore, a more economic and feasible
way is to obtain their positions based on a relative coordinate
system using an azimuth sensor and a distance sensor. For this
purpose, a novel on-board field area meter (OBFAM) with an
azimuth sensor and a distance sensor is proposed to provide
measured area data for agricultural machinery.

II.SYSTEM STRUCTURE

To fulfill the basic requirements of easy installation, low
manufacturing cost, high reliability, high accuracy, and satis-
factory performance on a tough environment etc., a fluxgate
magnetic compass [2, 4] available on the market is adopted as
the position sensor. In addition, a distance sensor mounted on
a wheel shaft is designed by ourselves. A single-chip W78E516
microprocessor is utilized to perform position calibration and
integral calculation required for estimating distance as well as
area. The schematic layout of OBFAM is illustrated in Fig. 1.
In the following section, the major components of OBFAM
will be briefly discussed.

1. Azimuth Sensor

An azimuth sensor as shown in Fig. 2, which is a commer-
cial product of Topteam Technology CO., LTD. and costs only
$15, is employed to measure the azimuth angle by detecting
the magnet of the earth.

The basic structure diagram of the azimuth sensor is shown
Fig. 3. An exciting coil is wound around a circular strong-
magnetic Fe-Ni core. Coil X is wound across the outer sur-
faces of the upper and lower rim of the core and is connected
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Fig. 1. Schematic layout of OBFAM.
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Fig. 2. Illustration of the azimuth sensor.

to a potential meter for detecting the voltage induced by a
horizontal magnetic field passing through the loop of Coil X;
similarly, Coil Y is wound across the outer surface of the right
and left rim of the core and is connected to a potential meter
for detecting the voltage induced by a vertical magnetic field
passing through the loop of Coil Y. Supplied power from
an alternating voltage source, the exciting coil creates an al-
ternating magnetic field within the circular core, e.g. the
magnetic fluxes ¢, and ¢, for positions S, and S, in Fig. 3,
respectively. It is required that the magnetic field should not
be saturated. When there is no external magnetic field, the
intensities of the magnetic fluxes ¢; and ¢, at positions S; and
S are equal and their directions are opposite. Thus, the net
magnetic fluxes through Coil X and Coil Y are both zero and
the induced voltages Vi and Vy are also zero (V=-N - dg/dt, N:
turn number of coil).

When the magnetic field of the earth is present, it will

515

Magnetic field of the earth
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Fig. 3. Basic structure of the azimuth sensor.

change the net magnetic fluxes of Coil X and Coil Y as well as
the induced voltages V, and V, respectively indicated as

V, = KB cosé 1)
V, = KBsiné 2

where K is the coherent coefficient of Coil X or Coil Y, B is the
horizontal component of the magnetic intensity of the earth,
and @is the azimuth angle of the magnetic field of the earth
relative to the azimuth sensor. When the sensor is placed in a
vehicle, the instantaneous azimuth angle of the moving vehi-
cle can be obtained by

6=tan'(V, /V,) (3)

which is derived from (1) and (2). In addition, by taking
square of (1) and (2) and summing them up, we get

V2 o+ Vy2 = (KB)® 4

that indicates a circular trajectory with radius of KB on the x-y
coordinate. This circle is called the azimuth principle circle.
As this type of sensors detects the magnetic field of the
earth for measuring the azimuth angle, an error will be gen-
erated when the sensors are subject to other external magnetic
fields. As shown in Fig. 4, when an external magnetic field
with a direction angle of & and magnitude G is present, the
voltage state will deviate from point A to point B. The re-
sulting error of the azimuth angle ¢ can be represented as

1 Vy-KG sin

_ -1Vy
p=tan” —~-tan” ———
V. V,-KG coso

X

®)

Generally, there are two types of external magnetic fields
that will cause an error in the application of agricultural ma-
chinery. One is the residual magnetic field in the vehicle body.
Its intensity is normally much smaller than that of the mag-
netic field of the earth. This type of error can be corrected
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Fig. 4. Azimuth principlecircle.

Fig. 5. Principle of the automatic calibration method.

using a so-called automatic-calibration method. The other is
the magnetic field originated from some electrical power
sources such as a transmission line. Its intensity is usually
several times stronger than that of the magnetic field of the
earth. This type of error requires a so-called cyclic calibration
method. These two methods are described as follow.

1) Automatic Calibration Method

In the case of a tested vehicle with a residual magnetic field,
it is rotated by 360°. In this case, the center of the resulting
azimuth principle circle will shift away from origin O along
the direction of the residual magnetic field to the point O', as
indicated in Fig. 5. Then, the voltage offsets respect to V, and
V, from O to O' are

V, +V, V,, +V,
ST Ay, = ©)

where Vy,, Vi, Vi1 and Vy, are the intercepts of the azimuth
principle circle on X axis and Y axis. The required calcula-
tions to obtain AV, and AV, are carried out by the microproc-
essor.

.V

) /_\‘ S |
Va Vi V:

AV, / o' >
///_ —\\\ E 7 V,r,
// \\ Va /l , Ve
/ ) Vo

\ 9] ] AV, V,

\ / ' "
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Fig. 6. Principle of the cyclic calibration method.

2) Cyclic Calibration Method

As the vehicle moves below a transmission line, the sensor
will be subjected to a residual magnetic field several times
stronger than that of the earth. It is required to take several
sampling signals for some specific points and evaluate the vol-
tage offsets using a method called cyclic calibration method
which is described below.

As a vehicle body is subject to a strong residual magnetic
field, we first acquire a set of output signal data by rotating for
360° and obtain an azimuth principle circle centered at point
O' indicated in Fig. 6. With the aid of a built-in calibration

’ ” ’
circuit, we locate four new coordinate axes V, ,V, ,V, and

”

V, that are parallel to x-axis or y-axis. Then, we rotate the

4 ”

vehicle and generate eight output signals V,, , V,, ,V, , V,, ,

\ V,, and V,, onthecircle are the intercepts of the

azimuth principle circle on the four axes. Accordingly, the
deviation between the circle at center O' and that at center O
under a strong residual magnetic field can be calculate as
follow:

4 ’

\Y/

y2!

V, 4V, v, +V,,

g xi 2 = yl y2 (7)

2 2

In practice, correcting the measured output signal by the

deviation values AV, and AV, shown in (7), we can then obtain
an accurate value of azimuth angle.

2. Distance Sensor

The distance sensor is mounted on the wheel shaft of the
vehicle as shown in Fig. 7. As the wheel shaft is rotating, a
square-wave signal is generated through proximity switch and
related electronic circuit. By using the counter embedded in
the microprocessor, the distance that the vehicle has under-
gone can then be calculated.

3. Area Calculator
To calculate the cultivated area, an area calculator is de-
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Fig. 7. View of the distance sensor.

veloped on a W78E516 microprocessor of 8051 series with
on-chip 64 k EEPROM. The developed calculator can process
the signal data of azimuth and distance in a real-time mode.
As the vehicle moves from a starting point along the contour
of the field to be measured, the calculator calculates the posi-
tions of several selected points relative to the starting point.
The selected point i is represented by a two-dimensional

vector P (x,y) as shown bellow:

n V
x=Y|-R-cos(tan™ ) (8)
i=1 VXl
. : -1 Vyl
y=Y |-Rsin(tan* %) 9)
i=1 Vxl

where | is the traveling distance of the vehicle per impulse, P,
is the number of impulses counted as the vehicle travels from
point Pi. to point P;, V, is induced voltage on x-axis direc-
tion for point Pi, and V,; is induced voltage on y-axis direc-

tion for point P;. Therefore, the total area can be obtained by
summing up the area of the triangle formed by the selected
points, that is,

n-2 . .
Area=% D |Pi xPis (10)
i=1

Where n is the number of the selected points and P; is the
two-dimensional position vector (x;, y;) representing the se-
lected point i.

[11. DESIGNING AN INTEGRATED
PROTOTYPE

A commercial software called PROTEL 98 is utilized to

Fig. 8. View of the OBFAM prototype.

design the integrated layout of electronic circuit of the
OBFAM. A desirable feature of this software is that the major
procedures for designing an electronic circuit including layout
drawing, circuit board design, and circuit performance simu-
lation are integrated so that it is a powerful tool for circuit
design and analysis.

The developed prototype of the OBFAM is shown in Fig. 8.
It consists of four operating modes set by the four push buttons
SW1, SW2, SW3, and SW4 as shown in Fig. 9. Generally, a
calibration procedure should be carried out before all meas-
urements are conducted in order to eliminate the electromag-
netic interference by the magnetic fields from the machinery
itself and from external sources. In the beginning of calibra-
tion procedure, the calibration button SW4 is pressed. Then,
the OBFAM is rotated for two complete circles. Finally, the
button SW4 is pressed again to finish the calibration proce-
dure.

After calibration, the measuring procedure can be started.
There are two measuring modes: normal mode with button
SW1 and continuous mode with button SW2. The measured
data can be shown on an LCD display board. The normal
mode is suitable for measuring a field with a regular shape
such as rectangles or polygons. Its procedure is to press
button SW1 at every point of turn when the OBFAM goes
along the boundary of the test area and returns to the origin.
The continuous mode is specially designed for irregular
shapes. Its operation is simply to press button SW2 at the
starting point and when the OBFAM returns to the origin
respectively. Furthermore, the function of button SW3 is to
display the instantaneous azimuth angle during measuring.

This prototype utilizes W78E516B-40 microprocessor
made by Winbond CO., LTD for calculation. As the pins from
P14 to P17 receive signals from the four push buttons SW1,
SW2, SW3, and SW4 which specify the desired mode, a
proximity switch mounted on the wheel shaft of the vehicle
sends a square-wave signal to the microprocessor serving as
an interrupt vector INTO. The number of ON/OFF cycles for
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Fig. 10. Photograph showing testing of the OBFAM prototype.

AT

the square-wave signal is counted by the microprocessor to get
the number of rotations for the wheel shaft as well as the cor-
responding moving distance of the vehicle. Meanwhile, the
microprocessor pin P20 sends a signal to pin 3 (RTS) of the
digital compass for requesting required data. The digital com-
pass will then send back three byte data Status, Guss and & sg
from pin 5 (TX) of the digital compass to pin 10 (RXD) of the
microprocessor. The program embedded in the microproces-
sor reads these data to calculate the azimuth angle 6, 8= (Guss
x 256 + @G sg)/2 and the related area based on (8)-(10). The
calculated value of area can be displayed on the LCD via

Table 1. Test resultsof the OBFAM prototype.

NO a corn harvester a peanut gathering machine
Area Error Area Error
Mode m?) %) Mode (m?) %)

1 | Manual 379 1.07 Manual 893 0.78
2 | Manual 371 0.80 Manual 888 1.33
3 | Manual 379 1.07 Manual 905 0.56
4 | Manual 379 1.07 Manual 912 1.33
5 | Manual 375 0 Manual 897 0.33
6 Auto 380 1.33 Auto 919 211
7 Auto 383 2.13 Auto 890 1.11
8 Auto 377 0.53 Auto 920 2.22
9 Auto 377 0.53 Auto 904 0.44
10 Auto 379 1.07 Auto 885 1.66
The accurate area to be The accurate area to be

measured = 375 m? measured = 900 m?

output ports PO0~P07 of the microprocessor.

IV. TEST RESULTSO

F THE SYSTEM

The prototype of the OBFAM shown in Fig. 8 was installed
in a vehicle for agricultural application and was tested on a
selected field as shown in Fig. 10. The test results for manual
mode and auto mode in Table 1 reveal that the errors of the
measured values are sufficiently small. The feasibility of the
developed OBFAM prototype is thus confirmed.
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V. DISCUSSION AND CONCLUSION

A prototype for an on-board field area meter (OBFAM)
with an azimuth sensor and a distance sensor has been de-
signed to provide measured area data for agricultural ma-
chinery such that the disagreement about the exact cultivated
area can be resolved. It utilizes a simple compass for meas-
uring azimuth angle and a proximity switch for measuring
distance. Furthermore, It consists of a W78E516 microproc-
essor of 8051 series chip to perform the calculation required
for calibration and contour integral. Real time values of
azimuth angle and area can be obtained by the proposed
OBFAM.

Tests carried out by installing the prototype on a peanut
gathering machine and a corn harvester show that the errors
of the measured data with these two modes are all less than
2.5%. Furthermore, the total cost for the required components
are less than 100 US dollars. Hence, due to its structural sim-
plicity, easy installation, low manufacturing cost, high reli-
ability, high accuracy, and excellent feasibility, the OBFAM
is expected to offer great contribution to agricultural auto-
mation.
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