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Simulation of alarge-scale linear moveirrigator using virtual
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Abstract: Spray irrigation is one of the effective techniques in saving water and increasing crop yield. Large-scale linear
move spray irrigation systems are widely used in China. However, the traditional go-stop-go driving method causes
difficulty in controlling the linear move irrigator. A new control method efficient in operation and the consumption of
water, electricity, and labor is needed. Because of the difficulty in real-life examination of the designed systems, virtual
reality technology was used to simulate the controlling and driving system in this study. Three-dimensional models of
the irrigation system components were built at proper sizes. The three-dimensional images of the farmland as well as the
mechanical models of the irrigation system were also built following the principles of ground vehicle dynamics.
Application programs were developed to simulate the control system and the driving system. Through simulation an

optimal control method was found, which was then used in the field test to control the large scale irrigator to move straight
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forward with an angle error of less than 0.06°.
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1 Introduction

Spray irrigation is widely used in China™® because
of its high efficiency in saving water and arable land due
to its channel-less design*®. Compared with other
spray irrigation equipment, a large scale irrigation
system has the advantages of high level of automation

and low consumption of power, water, and labor'®.
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A linear move irrigation system is composed of motors,
joists, towers, rear suspensions, driving parts and walking
components. It has high coverage rate, but has a complex
structure.  Thusit needs high precision synchronization of
the towers, which requires an electrical driving control
system to keep all the towers functioning synchronously in
ahorizonta line.

Studies on precision irrigation systems have been done
by different researchers”®.  They developed variable rate
center pivot irrigation control systems by Programmable
Logic Controller (PLC)™, or by addressable devices on a
bus system connected to solenoid valves'®.

Precision timer was used in another site-specific
irrigator to control the motors, which drove one tower to
go after another. Errors had been found in the resolver
angles and identified correction algorithms to get accurate
field positiond™”.  Although these errors are not a cause

of a concern to most irrigators, accurate pivot position is
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required for site-specific irrigation.
A low cost GPS receiver mounted near the end of
the pivot could provide a more accurate representation

of the pivot's position™*?.

A series of experimentation
was done on automatic variable control of large scale
linear irrigation systems by Zhang and partners®® in
2001 in China. They integrated GPS technology for
precision irrigation for linear move irrigator localization
and navigation.

Traditional test methods to develop a synchronous
control system are not only time-consuming, but also
result in a waste of water, energy and cost. Based on
virtua reality technology, the virtual experiment can
analyze the process, performance, controlling effect of
the linear move irrigation without any field test. As
virtual experiments are done on a computer, the
repetitions of running, detecting, and perfecting are all
performed in a virtual environment, which shortens the
experiment cycles and reduces water and the human
resource cost!™*®.  However, few studies have been

conducted on the application of virtua redity to large-

scale linear move irrigation system. The objectives of
this study were: 1) to build three- dimensional models of
the irrigation system components according to their actual
sizes, and three-dimensional images of farmland as well as
mechanical models of the irrigation system following the
principles of ground vehicle dynamics; 2) to simulate the
control system and driving system according to real-time
conditions;, and 3) to conduct field tests based on the
simulation results.

2 Methodology

2.1 Building 3D modds

The linear move irrigator was disassembled and each
part was measured. According to the measurements, 3D
models of each part were built with the software of
Pro/ENGINEER (2001, Parametric
Corporation, USA). Then the models were saved as .obj
files. The .obj files were imported to Multigen Creator
(MultiGen-Paradigm, USA) and
assembled into a whole machine with connecting joists
(Figure 1).

Technology

the models were

Figurel 3-D models of alinear moveirrigator

2.2 Driving of 3D models

The large scale irrigator in the study was composed
of six joists, each of which was sustained by eight
towers. Every tower was driven by a variant frequency
motor through gear change mechanism fixed on it. A
linear displacement sensor was located at every
connection of two sections to detect the angle between
them (Figure 1).
2.2.1 Forceanalysis of theirrigator tower

The linear move irrigation system consisted of
towers, joists, sprinklers, cantilevers, motors, a driving
system and a navigation system. Each joist was used

to fix two towers. A number of cantilevers with low
pressure sprinklers were fixed to ajoint. Every two joists
were connected by a flexible joint. A motor operated by
the controlling system was placed on each tower to keep
all towers move ahead in synchronization.

Since the speed of the linear move irrigator was as low
as 0.03 to 0.035 m/s, it is assumed that the towers would
not be transmogrified, and wheels would not be off the
ground.

2.2.2 Programming of collaborative simulation

As the force, speed, position, and gesture of the

irrigator

are dl parameters in a three-dimensiona



40 March, 2010 Int JAgric & Biol Eng

Open Access at http://www.ijabe.org

Vol. 3No.1

coordinate system, those parameters should be
expressed as vectors.  When calculating the pitch, yaw,
and roll angles and positions in virtual scene, API
function of Vega™ must be used. There are four kinds
of coordinates in Vega: absolute coordinates, observer
coordinates, rule object coordinates, and user-defined
coordinates. The position should be calculated in an
absolute coordinate system, the gesture in rule object
coordinates and absolute coordinates, while forces in a
rule object coordinate system.  Then coordinate
transformation is necessary.

The gesture of the 3D model is usually described
with Euler angle(X, Y, Z,0,y,¢) , where 0, v and ¢
is, respectively, pitch, yaw, and roll angle that the model
revolves around X, y and z axis. As the gimbals lock
character of Euler function, when the revolving angle is
near 90°, the infinite number will occur in the

commutation matrix, which will terminate the
simulation.

Poisson kinematics function can avoid the
singularity of Euler function, but as the simulation stays,
orthogonal error will accumulate. To avoid the
deficiency mentioned above, quaternion was used to
Assuming that the vector

v=(X, Yy, 2) in the 3D space correlates to quaternion

transform coordinates.

V=0+xi+yj+zk, L being a circumrotate axis across the
origin, and its orientation vector is n=(ny, n,, ng), then
the circumvolve transformation around L for 8 angle can
be expressed by a quaternion as.

R:cosg+singn D
2 2

The quaternion that V rotates @ around L is:
V, =RVR* 2
If L does not pass the origin and P is a point on L,
we can get the transform formula through coordinate

shift as:

V,=R(V-P)R*'+P 3)
The software system described in this study operates
in the Windows XP operation system and Visua C++
6.0 programming environment (Microsoft, USA).
Besides, the API of Multigen Vega (MultiGen-Paradigm,
USA) was aso used to write programs together with
C++ language to simulate the large scale linear move

irrigation system incorporated between machines and the
electrical  controlling system. The program were
embedded with the three-dimensional models of the
irrigation system and virtual field scenes created with
Multigen Creator (3.0, MultiGen-Paradigm, USA)
software.

Console application cannot meet the requirements of
the virtual reality simulation and the API of Windows is
perplexing and inefficient. Thus an effective and simple
method was used to program, that is, to LynX of Vegaand
MFC configurations to build the program.

A single document interface was built and codes were
written to load the .fit file of the 3D models. The
function runVega() of myMFCVegaView was used to
check whether the ADF file has the necessary Vega class.
To control the movement, we used the input Devices class
of Vega and user-defined movement model, with
CALLBACK function and vgMotRegister() to realize the
model. The
vgMotionCallbackStruct was used as a parameter to

control of the structure
transmit the motion model. Then message responding
function OnKeyDown and OnKeyUp was used to receive

key-press messages.
3 Simulation and field test

3.1 Callaborative simulation of machine and motors

Each motor's output power was changed by the
computer keyboard, the forces of each tower were
calculated according to the terrain condition and the
corresponding motor driving force, and each tower's
acceleration and speed were calculated™®.  The speed
of each tower and the angles between every two
conterminous joists were detected and the errors between
detected and given speeds were calculated. The errors
were fed back to the controlling motor™®. The output
power of each motor was changed to keep the angles
between every two conterminous joists small enough. A
data flow of the virtual ssmulation is shown in Figure 2.

As shown in Figure 2, the program is initiated with
initial positions to each tower of the irrigation system.
All motors fixed on each tower were started according to
terrain characters, forces between other joists, weight of
towers and joists, and different resistances. The positions
and gestures of every tower were calculated and the scenes
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Figure2 Dataflow of virtual smulation

The angles between every two connected joists were
detected and kept small enough so that all joists moved
forward in a horizontal line by changing the motors

firmness, moisture, and the glutinosity of the field, the
formation of resistance isvery complicated. Therefore, at
different positions, random vaues were dgiven as
resistance.

When experimenting in virtual scenes, the eight motors
started with the same frequency of 7.5 Hz and drove the
wheels through derailleurs as the towers fixed on tow
wheels moved ahead. However, because of the difference
in resistance, the speed of each tower were different, which
caused the distortion of the whole irrigation system. To
correct the distortion, linear displacement sensors were
used to measure the distance and angle sensors were used
to detect the angles between every two connected joists.
To keep al the towers in a line, the motor frequency was
increased for the towers fallen behind the others, and was
decreased for those in front. Simulation showed that
when adjusting the angles from the middle to two
directions, as being shown in figure 3, when adjusting
angle all and angle a21, followed by angles al2 and a22,
and then al3 and a23, best results were achieved.

|ang|e a11| ‘ang\e 312|
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Figure3 Angles and motors serial numbers of linear move irrigator
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3.2 Field test

The field test of a linear move irrigator driving
system was conducted a the CAAMS
experiment station in October 2008.

control

After the initialization of the system, angle sensors
and freguency conversion motors were started at the
same time. While the six joists moved forward
together, all angle sensors detected the angles, and the
frequency of every motor was adjusted to keep the
whole system to operate in synchronization (Figure 4).

Ideal results were obtained as the control method
concluded from the simulation was applied in the field

test. Table 1 shows the angles, motor frequencies and

positions of the linear move irrigation system examined in
thefield test.

Figure 4

Synchronized control system of alinear move irrigator
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Tablel Dataof anirrigator systeminthefield test
sample Angle of the sensors/(°) Frequency of motors/Hz Di 5[:;0; fg;gm
number 1 a2 a3 @3 a2 @l mil ml2 mi3 mi4 m24 m23 m2 m2l /m
1 0 0 -0.02 0 0 -0.02 899 829 773 763 712 735 713 729 632
2 -0.02 0 -0.04 0 0.02 0 78 790 748 701 731 757 651 581 638
3 004 -002 -002 002 0 0.04 841 805 699 620 68 736 58 509 645
4 002 -002 -0.02 0 -0.04 -0.04 655 701 731 666 918 850 960 1190 650
5 0 0 0 0.06 0 -0.02 722 764 720 523 1159 695 659 671 657
6 0 0.02 0 004 -0.02 0 814 821 729 736 68 752 740 724 661
7 002 -002 -002 004 002 0 846 742 752 739 676 760 612 528 667
8 002 002 -002 002 0 0 716 726 758 743 708 742 678 604 673
9 0.02 0 002 004 0 -0.02 656 744 744 731 670 756 750 766 682
10 0 0 002 004 002 0 787 78 739 725 687 761 631 593 686
n 0 002 -004 002 002 0 731 697 759 720 702 741 643 621 691
12 002 -002 -002 002 0 -0.02 726 748 752 734 68 748 714 716 692
13 0 0 0 0.04 0 -0.02 779 769 745 750 668 755 699  7.17 694
14 0 -0.02 0 002 002 0 749 689 747 739 682 753 643 619 699
15 0 0 -0.02 0 0 0 767 751 749 734 725 751 673 665 704
The frequencies of each motor changed according to 2006BAD11A01) of China

the corresponding angle, to increase or decrease the
speed in order to keep dl joists and towers in a
Data in Table 1 show that the linear
move irrigator moved from the position of 632 metersto

horizontal line.

704 meters, and during the whole 72-m process, the
largest angle error was 0.06°.

4 Conclusions

To improve the traditional irrigation experiment
method, a large-scale linear move irrigation virtual
simulation system was developed. Through experiments
and analysis the following conclusions were obtained: (1)
Virtual models can simulate actual experiments
expediently on computer; (2) simulation results show
that when the angles are adjusted from the middle to
both sides, the best synchronization results can be
obtained; and (3) When the control method derived from
the virtual simulation was implemented into the field
test, the large-scale irrigation system could move almost
in a straight line with an angle error of lessthan 0.06°.
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