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Abstract: A variable rate fertilizer system was developed for control of fertilizer amount by optical sensor
measured NDVI of crop. The paper analyzes the input and output conditions of control system, and designed
hardware, algorithm and control of fertilizer, mainly software flow and a feedback control way. In the paper, the
variable-rate control system consisted of 6 optical sensors mounted on a boom in front of the tractor, interface
module, micro controller, speed sensor, rotation sensor, PWM valve, and hydraulic motor. This type of VRT
system does not use prescription maps, but relies on sensors to provide real-time crop detection information
which is used to dispense fertilizer amount for the crop need. According to the amount of fertilizer information,
fertilizer controller can automatically control flow amount by adjusting hydraulic valve based on working speed,
which changes the hydraulic motor rotation to achieve the variable work. Experiments of fertilizer by pre-setting
different dosage, the results shown that the errors of fertilizer amount are well in fact, and the errors are less than
5.17 %, and it shown CV is from 0.35 % to 2.67 %. The fertilizer response time of controller system is less than
0.875 s, it can meet the need of practical production. The system is well resolves to achieve variable rate
fertilizer based on optical sensor. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction

As the voice of sustainable development
of agricultural  production increasing, the
environment pollution caused by chemical fertilizers
be concerned, most developed countries have
established relevant laws to restrict the use
of chemical fertilizers. However, variable-rate
technology (VRT) used has become a common
practice implemented by precision agriculture (PA)
practitioners. VRT is accomplished by applying only
what is needed based on local soil conditions and
crop requirements compared to fertilizer inadequate
applications in traditional. In addition, reducing over
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and under-application of inputs will enhance
productivity, profitability, and environmental
concerns. However, the whole agricultural machinery
and the technological level lower than developed
countries today, in the study of variable rate
fertilization technology, mainly is the introduction
of foreign advanced technology and equipment
to carry out digestion and absorption and follow-up
studying.

Currently, VRT has replaced traditional
fertilization working in some developed countries
of precision agriculture, in the work of variable rate
fertilization, one is the variable rate fertilization work
based on the prescription map, and another is based
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on sensor for real-time control. Because our country
for variable fertilization technology research later, the
variable fertilization in domestic mainly variable rate
fertilization operation is based on prescription map
[1-4]. It is the mainly way by measuring the nutrient
information of soil in advance, then the fertilizer
prescription map is provided based on soil nutrient
information by fertilization decision analysis, and
variable fertilization machinery can obtain operation
geographic position coordinates by the GPS
navigation in the real-time, in under the control of the
control system, the system can guide fertilization
according to fertilizer prescription map. thus the
system can fertilization much in the soil nutrient
lower, soil nutrient higher place reduce fertilizer, so
as to achieve rational fertilization, improve chemical
fertilizer use efficiency. But the variable rate
fertilization way based on prescription map need to
advance to test the soil nutrient information in
laboratory, calculation, the process is relative trouble,
and the analysis time is long, the cost is high.

In recent years, with continually research to
variable rate fertilization technology, variable rate
fertilization technology based on the optical sensor
becoming popularity [5-13], the principle is based on
crop spectrum index and crop growth characteristics
take on a good correlation.

The nitrogen detection is mainly through
gathering vegetation index information of crop, then
calculate fertilization amount according to vegetation
index by optical sensor. Thus the system can rapid
measure crop nutrient information and can achieve
VRT based on the optical sensor. Currently, there are
some relevant measuring device prototype was
reported and application [14-18], but have not to
combine with fertilization mechanical, and lack of
further field experiments. Therefore, the development
of the variable rate fertilization system based on
optical sensor is important practical significance and
it is an important direction of VRT development. So
in the paper, a variable rate fertilizer system was
developed for controlling of fertilizer amount by
optical sensor measured NDVI of crop.

2. Framework of the System

The application system mainly includes four parts:

crop nutrition monitoring system based on optical
sensor, interface module, variable fertilization
controller and variable fertilizer applicator. Crop
nutrition monitoring system installed in front of the
tractor, for acquisition crop growth state and
nutritional status, the sensors were connected
to interface module, and the collection data
transmission to interface module. The interface
module has serial and power connections. The
interface module connected with variable fertilization
controller by serial. The variable fertilization
controller combined with fertilization model to make
the best use of fertilizers decision, this decision
information can transmit fertilization information to

variable applicator by the fertilization controller, the
fertilizer applicator control system through the
control hydraulic valve opening size which scatter the
needed fertilization in the surface of the soil.

Variable rate fertilization system is designed to
achieve demand of fertilization application.

The paper is based on a variable input signals to
output the electric signal to control hydraulic valve
opening size. A rotation sensor was used which fixed
with hydraulic motor rotation axis. The flow rate of
valve can be controlled by adjusting the opening
position of hydraulic valve. And the flow rate can be
controlled by changing hydraulic motor rotation
speed as feedback based tractor speed. The input
signals of controller include crop nutrient information
by optical sensor, per-axis fertilizer amount, fertilizer
applicator parameters and pre-set fertilizer amount;
the feedback of sensors; tractor speed; and
GPS / GIS / PC input signals, etc. Output signal is
mainly hydraulic valve opening size which used
to control flow rate, the pulse-width modulation
(PWM) used to control the hydraulic control valve
and the serial data which output to the LCD screen.
In addition, the controller has a serial data interface
to allow for the extended application (to connect
some testing equipment, such as bin level
sensor etc.).

The system structure shows in Fig. 1.
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Fig. 1. The system structure.

3. Design of Controller System
3.1. Hardware Design

The core control unit used to carry out the data
processing and exterior control which including serial
ports, AD. Considering the measurement system
upgrade, cost of general price, power consumption
and compact, the system chosen STMF103VC as the
whole  system processing core. The core
is Cortex™-M3 CPU used ARM 32-bit. It provides
low cost of the platform, reduced pin number and
reduced the system power consumption to achieve
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the needs of MCU. At the same time, the STM32
product embedded two 12 analog/digital converter
(ADC), each ADC share up to 16 external channels,
conversion rate can reach 1 us.

The system chosen A/D converter was MAX186
of the MAXIM company production. The chip
containing eight channel multipath switch, high
bandwidth tracking/retainer, 12 byte successive
approximation A/D converter, serial interface circuit,
etc., the resolution is 1mv, internal tracking and
tracing, 133 kHz sampling rate, 4.096 V internal
reference, SPI, QSPI, Micro wire, TMS320
compatible 4 wire serial interface. Software
configuration unipolar and bipolar input and 20 pin
SSOP package. It can well satisfy the system
requirements.

Due to the need for measuring different
reflectivity of the light intensity, so based on the
actual application, choose the silicon photocell
as photoelectric conversion element, because the cell
as a detector has some characters of a larger
photosensitive area, higher frequency response,
photocurrent with illumination linear change etc.
The chip designs with the silicon photocell and
operational amplifier two input connected with
polarity, two amplifier two input terminal of the input
impedance is silicon photoelectric load resistance,
can think of silicon cell is in short circuit working
condition, and can output to the ideal of the short
circuit current. This study in the comprehensive
consideration, choose high performance
2 CRI1227-01 silicon photocell as photoelectric
sensor, the photosensitive area is 10x10 mm?, and
it can meet the requirements of performance
indicators, the price cheaper. Silicon cell
transformation out of the current signal will current
signal amplification converted into a voltage signal
through the integrated operational amplifier.

3.2. The Algorithm of Fertilizer

Lukina developed nitrogen fertilizer optimization
algorithm (NFOA) based on NDVT in Oklahoma State
University [19], Johnson and Raun found exist ratio
relationship in the between conventional fertilization
under the conditions of production and yield
in conditions of adequate fertilization [20]-[22].
Lukina based on the original model has been adjusted
in 2003. The algorithm as follows:

1. The nitrogen requirement (Fertilizer Nitrogen
Requirement, FNR) formula:

FNR =239 0 = Yh | )

n

where 239 is the wheat nitrogen content, p

is the nitrogen utilization, YPy is the yield potential
of conventional fertilization conditions, YPx is the
yield potential in conditions of sufficiency
fertilization.

2. The potential yield under conventional
fertilization conditions:
YR) — 0'3596324A41NSEY , (2)

where INSEY is the yield estimation coefficients
of the season, which calculate by NDVI divided the
number of days:

NDVI
DAYS

INSEY = A3)

3. The potential output after topdressing nitrogen
fertilizer:

YPy =YF, X Rl » 4

where RInpvi is the vegetation reflectivity of near
infrared light.

But Oklahoma wheat is mostly growing in dry
land, in China the wheat field is irrigated land;
in particular the testing ground has sufficient water.
As a result, the paper chooses nitrogen use efficiency
is 0.4 by referring to expert advice on agronomy.
And the combination of the Raun model can further
increase the utilization rate of 15 % by comparing
to original model, so the paper nitrogen use
efficiency take 0.46.

And the potential yield (YPn) after applying
nitrogenous fertilizer is a variable parameter
in Lukina’s model. It is positive relationship with
NDVI value. If NDVI value small, then the calculated
results of YPy small, it will result to calculate the
final fertilization amount(R) is small, too. The view
from this algorithm formula of thought is based
on wheat growing in strength, strong growth place
more fertilizer, in bad growing place less fertilizer,
not consider consistency of yield, and it is easy
to cause excessive fertilization. In fact, we need more
fertilizer in the growing bad place, and less fertilizer
in the growing good place.

So the paper improved model can be expressed

as:
FNR =230 0 1h )

0.46
According to the test area production, the paper
chooses experience value based on advice

of agronomist, takes 6.75 t/hm? replaced with the
target yield (YPr), the YPy in model still use the
original formula.

The improved model can use more fertilizer
in poor growing field land, less or no fertilizer
in growing good place based on the test NDVI values.

3.3. Design of System Controller
of Fertilization

When does not consider other machinery, the
influence of the environment, fertilizer applicator
fertilization per hectare is
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_ nxgxN,x10000
vx L

0 (6)

where q is the fertilizer amount of fertilizer applicator
and g can measure by experiment, v
is speed of working, n is the rotation speed of
fertilizer applicator, L is the working breadth, N is the
quality of fertilizer applicator.

The tractor speed through the hall sensor for test,
and its principle is in the measured signal T time, the
speed sensor measured pulse counting, the working
speed can be obtained by follow formula

v=21R/TN,, 7

where R is the distance of measuring wheel axis
to the ground, m; N, is the number of magnet
in wheel.

When the PWM output signal pulse width
increases, PWM duty ratio ascend, distributing shaft
speed also will increase the test to distributing shaft
speed and PWM signal pulse width has good linear
relationship, determination coefficient of 0.988.
The relationship is

n=0.0858—4.742, (8)

where n is the speed of fertilizer axis, r/s; B is the
width signal pulse, %.

3.4. Software Design

The whole procedure of the process, the bottom
of the system initialization, allocation of each module
corresponding address space, the system output
control signal, so that the valve reset, and then
the controller in the timer interrupt program gathering
outside of the fracture in the interrupt signal,
through the acquisition signal phase coupling, the
valve opening adjustment, at the same time will
motor speed signal through the interrupt testing
return  controller, through  processing and
valve opening phase comparison, through the
deviation to adjust the balance of the valve, make the
fertilization stable.

In the whole control process, to crop growth
information, operation speed and motor speed
sampling, first through the light sensors to grow
crops for information collection, the signal
amplification transmitted to the control system, the
application for the calculation of the energy storage
register for call in a program, also set up a sensor
pulse signal from the external interrupt, here
is equivalent to the function of the counter, and as a
speed sensor information sampling time timing
interruption, in the timer interrupt program,
calculation work speed, stored in a register, and be
ready to call.

The system mainly software flow chart shown
in Fig. 2.
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Fig. 2. Software flow chart.

3.5. Fertilization Amount Feedback Control

The chip can calculate the output PWM duty
cycle according to the pre-set fertilizer amount after
collected the speed of tractor.

The feedback control is to regulate the PWM
signal duty cycle according the real revolution speed
of hydraulic motor by the microcontroller chip collect
the rotary encoder output signal which fixed on the
hydraulic motor. The new PWM signal controls the
oil flow of the hydraulic flow control valve to control
hydraulic motor which achieved to adjust the
hydraulic motor revolution speed. Software design
flow chart shows in Fig. 3.
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value

PWM+ A

Rotation speed value
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Fig. 3. Feedback control design.

4. System Test and Experiment

In order to test the actual performance, carry out
field trials and testing to the automatic controller
of variable rate fertilizer applicator. Before the
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experiment, fix the controller, hydraulic motors, Hall
switches and the other implementation units to these
positions and connect the oil hydraulic circuit to the
tractor. The DC power is controller, sensors and
hydraulic need provided by tractor battery and its
specifications is +12V/240 Ahr. Fertilizer uses the
better mobility of chemical fertilizers - urea in the
experiment. Check the corrects of the system, then
power up, after initialization, the operator through the
keyboard input the preset data, after controller
calculate these collected signals output PWM signals
to control the hydraulic motor, hydraulic motor
driven gears through chains to achieve the precise
variable rate fertilization. Table 1 showed the
measured results of different preset fertilizer amount.

Table 1. Different preset fertilizer amount experiment.

Pre-set Actual Relative
Number amount amounzt error cv

(kg/hm?) kg/hm (%) (%)
1 75 75.49 0.65 0.45
2 105 108.25 3.09 2.51
3 120 125.11 4.26 0.36
4 150 157.76 5.17 2.38
5 180 184.43 2.46 0.35
6 225 223.11 0.84 2.67
7 255 252.42 1.01 1.11
8 300 302.44 0.81 2.55
9 345 341.20 1.10 1.60
10 375 365.17 2.62 1.93

In the actual measurement, the maximum relative
error is 5.17 %, and it shows CV is from 0.35 %
to 2.67 %. So it can well meet the purpose of variable
rate fertilization and its standards.

In the other experiment, place three rows
of fertilizer boxes in the fields, distribute according
with the fertilizer hopper both sides and the middle,
29 boxes per row and interval 0.5 m, and the area
of each box is 0.35 x 0.25 = 0.0875 m?. The test has
changed the pre-fertilizer volume from 150 kg/hm?
to 375 kg/hm? under working speed at 2 m/s
and 2.5 m/s.

The system fertilizer response time ( ¢ ) is

0.5x2+0.25%x3
[ttt

2 0.875s, )

From Fig. 4 we can see that the response is the
rapid and timely in fertilization. The response time
of fertilizer volume changes is less than 0.875 s; this
time is less than the desired time of the controller
designed. The experiment has proved that fertilizer
controller can meet the requirements of field
fertilization.

450 -
400 -
330 4
300~
230 A
200 A
150 +
100 A
30 T T T T T 1

0 5 0 15 20 30

sample spot

fertilizaton amount /kg/hm?)

[
L

Fig. 4. Data distribution.

5. Conclusions

Aim at variable rate fertilizer based on optical
sensor, the paper analyzes the input and output
conditions of control system, designed a hardware
control system based on ARM chip, designed mainly
software flow and designed a feedback control way.
The system can automatically control flow amount by
adjusting hydraulic valve size, and can change
hydraulic motor rotation based on working speed
at the same time.

The system used the hydraulic motor as a drive
mechanism is more reasonable than motor, which can
overcome the small torque and start out-of-step
phenomenon. And wused control chip is faster,
reliability well, and has a good real-time online
display.

Carried out systematic laboratory testing, field
testing and analyses experimental results of errors.
Field experiment results show that fertilizer amount
in fact is well to target fertilization amount, the
maximum relative errors is 5.17 %, and it shown CV
is from 0.35 % to 2.67 %. Experimental indicated
that the variable rate fertilization control system
to control fertilization, which can achieve the aim
of saving fertilizer and reasonable fertilization.
The fertilizer response time of controller system
is less than 0.875 s.
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