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ABSTRACT

The main objective of the study was to determireattual precision of the AutoTrac
Guidance System according to different correctignas proposed in Belgium by John
Deere: StarFire 1 (SF1), StarFire 2 (SF2) and RIH€ second objective was to
observe the evolution of this precision in functadrthe return time between two passes
in the field. Finally, the study aimed at fixingethmits of use of each correction signal.
A theoretical case (specific tool especially desdyfor the trials) and a practical case
(precision seeder for sugar beet) were studiedtaactor John Deere 6830 fully
equipped. The observed precision of the corredignals was equal or better than the
one announced by the manufacturer.
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1. INTRODUCTION

The use of guidance systems by satellites knowsaeasing demand from farmers.
Automated steering also interests more and monedia because it largely facilitates
control on field and improves comfort of the operats well as the precision of work.
Principal works for which automated steering isstyly required are the sowing and
the plantation of traditional cultures like cerealgrn, beets and potatoes (Freycon,
1996). The precision sought for this work variesrirl to 10 centimeters pass to pass
according to the culture but also according towbeking width of the tool. The
possibility of increasing the daily working peribgl carrying out work in night
condition plays a considerable part in the choidhig system (Dana, 2000).

The Research Unit Agricultural Machines and Faesiunderwent a study in
collaboration with the Belgian importer of John Be€ofabel on the Guidance System
AutoTrac

The main objective of the study was to determiresatttual precision of the Guidance
System AutoTrac in function of the different cotien signals proposed in Belgium by
John Deere: StarFire 1 (SF1), StarFire 2 (SF2)Rand. By actual precision of the
Guidance System, we understand, the working prectisi the machine measured
directly in the field. Therefore the actual prearscan be considered as the global
driving precision of the combination tractor-madahthat the user could obtain
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(Huyghebaert et al, 2007). The second objectivetoadserve the evolution of this
precision in function of the return time betweerm asses in the field. The return time
was the necessary time to go from one point inregb#o the edge of the field and
come back. This time was a function of the fielogin and could influence the driving
precision of the guidance system (Adamchuk angQfl8; Beguyot et al, 2004).
Finally, the study aimed at fixing the limits ofeusf each correction signal with the
AutoTrac.

2. MATERIAL AND METHOD

2.1 Vehicleand Correction Systems

During the trials, one tractor John Deere 6830 gurd with an integrated Guidance
System AutoTrac, the new receptor STARFIRE 3000thednterface GREENSTAR
2630. AutoTrac is a system of power-assisted stgaflowing the operators to release
the wheel while the machine (tractor, motorizedieleh..) follows the virtual guidance
line. The new receiver STARFIRE 3000 is able tdemlthe signals from GPS and
GLONASS constellations of satellites. The receaaepts all the correction signals
proposed by John Deere: SF1, SF2 and RTK. Theotrecmounted with “650/65” and
“540/65” tires.

The 3 correction signals StarFire 1 (SF1), Stae Bi(SF2) and RTK, proposed by John
Deere in Belgium, have been used and tested dthentgials:
e Star Fire 1 (SF1) is a dGPS correction signal whigé an announced precision
of £ 30 cm pass to pass for 95% of the working time
e Star Fire (SF2) is also a dGPS correction signdl am announced precision of
+ 10 cm for 95% of the working time. This signabisbjected to a paying
subscription.
« RTK correction signal has an announced precisiah2tm. This system
requires to invest in base station positioned tteafield (< to 10 km).

2.2 Protocol and Method of M easur ement

All the trials have been realized in the field oiwal conditions. However, they can be
divided in two parts: the “theoretical part” re@dzwithout machine and the “practical
part” realized with a precision seeder for sugatbe

For the “theoretical part”, a specific tool espégidesigned for the trials (Huyghebaert
et al, 2008) has been mounted on the three-paoikddie of the tractor (Figure 1). This
tool consists into a mono-disc of great diameteintaaed in contact with soil by
means of a spring system. The work of the discrfmastabilization effect as the

working depth was not greater than 5cm. The sidewagyvement of the three point
hitch was locked using the provided John Deerelslothe distance between two small
furrows of adjacent passes reflected the actuaigiomn of the Guidance System (Figure
1). The main parameters studied during the thesaigbart of the trials were: the tractor
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- speed (6 km/h), the working width (3 m), the coti@tsignals (StarFire 1 and 2), the
return time between two passes of the tractor (§ & min and 20 min), and the
driving mode (straight or curved line) (HuyghebaeiDubois, 2009). For each
combination of the parameters, 4 return passes lbee operated and 18
measurements of the actual distance between tvaepasive been realized through 3
repetitions. Finally 864 measurements were cawigdor the various test
configurations.

e
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Figure 1. View of the mono-disc and the furr0W$he fleld

The « practical part » of the study, has beenzedlwith a farmer for the sugar beet
seeding (working width of 2.70 m). The tested pastars were the guiding mode
(straight line), the tractor speed (6 km/h) anddberection signals (StarFire 1, StarFire
2 and RTK). Time between two passes was functidhefength of the field and can
vary from 5 to 16 minutes. The parameters werernasserous because the farmer rules
and constraints have to be followed. Finally it yeassible to produce 180
measurements for the SF1, 296 measurements f@RR@and 99 measurements for the
RTK correction signal. Spacing measurements wémntaetween the first sowing line
and the last sowing line of the previous pass (Hebaert et al, 2008) (Figure 2).

Figure 2. Vie of the back side of th tractor wihle seed drill and the spacing
measurement
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The farmer used a combination of machines: onrtivé &ide of the tractor a roller tiller
and a light cultivator, on the back side of thetog, a rotary tiller followed by the
mechanical seed drill. To avoid an unspecified gfithe back machines, the arms of
the lifting device were blocked.

3. RESULTSAND DISCUSSION

The overall precision of a Guidance System dependseveral factors as the precision
of the signal, the configuration of the vehicle d@nel machines, the field and ground
conditions. During the trials, these factors hagerbtaken into consideration and
optimized where possible.

3.1 Theoretical Trialswith the mono-disc

The distance between each pass has been measdreohapared to the theoretical
width (3 m). The distribution of the distance betwdwo passes permitted to
characterize the precision of the AutoTrac systesdun different ways.

The Table 1 gives the characteristics of the dg\precision of the AutoTrack guidance
system used in straight line mode of functioningcltresult corresponds to 72
observations.

Table 1. Characteristics of the straight line dviyprecision of the AutoTrack used with
the correction signal SF1 and SF2, in functionhefteturn time.

Return time (min) 5 12 20
Correction signal SF1 SF2 SF1 SFpP SF1 SF2

Average distance between two passes
(m)

Mean of the absolute deviations from
the theoretical distance (m)

3.00 3.02 3.01 3.01 3.01 3.00
0.04 0.04 0.06 0.04 0.09 0.03

Maximum observed deviation (m) 0.18 0.14 0.22 0.100.33 0.12

Maximum deviation for 95 % of the

) 0.13 0.11 0.13 0.09 0.24 0.07
time (m)

The global precision of the guidance system watebet in accordance with the
precision announced by the manufacturer. The maximioserved deviation for 95 %
of the working time was lower than 30 cm for thereotion signal SF1 and was around
10 cm for the SF2.

On average the results don’t show a significarfedéhce between the two signals of
correction (SF1 and SF2). The average distancedestiwo passes is practically the
same for both signals whatever are the return times
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“However the mean of the absolute deviations, thrdrmanm observed deviation and the
maximum deviation for 95% of the working time inase with the return time for the
correction signal SF1 and remain constant for SF2.

The results obtained in curved line mode of fumétig underwent the same analysis
and shows the same trends. However, the mean abdwute deviations increases
more in function of the return time for the cunige mode than the straight line mode

(Figure 3).
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Figure 3. Evolution of the average deviation of ghgoTrack guidance system used
with the correction signal SF1 and SF2, in funcebthe mode of functioning and the
return time.

3.2 Practical Trialsduring Sugar Beet Sowing

The working width of the drill seeder was 2.70 rheThree correction signals (SF1,
SF2 and RTK) have been tested. As the trials haee bealized in practical conditions,
the return times differ from one correction sigtaanother.

As the precision of the SF1 correction signal veagelr, the farmer used the tracers of
the seeder to visualize when the AutoTrack guidayséem left the right trajectory.
When the tractor deviated more than 10 cm frontitite trajectory, the farmer took
back manually the control, replaced the tractdharight track and recalibrated the
guidance system. Two parcels of different leng0(&8nd 600 m) have been sowed
using SF1 as correction signal. It allowed genegatin average two different return
times (10 and 16 min). The results of the precigimen by the guidance system using
SF1 correction signal during sugar beet sowinggaren in the table 2.
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" Table 2. Guidance precision of the AutoTrack usét the correction signal SF1, in
function of the return time (practical trials — andpeet sowing).

Average return time (min) 10 16

Mean of the absolute deviations from the theorktisdance (m)  0.05 0.08

Maximum observed deviation (m) 0.15 0.20
Maximum deviation for 95 % of the time (m) 0.12 ®.1

As observed during the “theoretical trials”, thevidéions tend to increase with the
return time. The maximum observed deviation andribgimum deviation for 95 % of
the time seem to be lower, but these results anecomparable to SF1 results of the
“Theorical trials”, due to the regular recalibratithat the farmer had to proceed during
this work. These interventions are supposed toymea too optimistic pass to pass
accuracy for SF1.

The trials realized with the correction signal k@'t ask to recalibrate the system.
Also two parcels of different length have been stbywermitting to generate on average
two different return times (12 and 16 min). Theutessof the precision given by the
guidance system using SF2 correction signal dwugar beet sowing are given in the
Table 3.

Table 3. Guidance precision of the AutoTrack uséd the correction signal SF2, in
function of the return time (practical trials — andpeet sowing).

Average return time (min) 12 16

Mean of the absolute deviations from the theorktisdance (m) 0.04 0.04
Maximum observed deviation (m) 0.15 0.16
Maximum deviation for 95 % of the time (m) 0.08 D.1

Ninety percent of the observed deviations are withe range of + 5 cm whatever the
time between two passes is. Considering 95 % dfithe the maximum observed
deviations reach = 8 cm and £ 11 cm following tetim time. For the rest of the time
(5%), the observed deviations never exceed + 9rant&2 cm respectively for a return
time of 12 and 16 minutes.

The RTK correction signal allows to centimetric a@xcy. Before the trials (24 hours),
the RTK base station has been located at the ddbe 6eld so as to reach a high
precision. The field was shorter and allows gemagatinly a return time of 5 minutes.
The results of the precision given by the guidaystem using RTK correction signal
during sugar beet sowing are given in the table 4.
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Table 4. Guidance precision of the AutoTrack usét the correction signal RTK for a
return time of 5 minutes (practical trials — sulgaet sowing).

Average return time (min) 5

Mean of the absolute deviations from the theorktictance (m) 0.02
Maximum observed deviation (m) 0.07

Maximum deviation for 95 % of the time (m) 0.05

The average observed deviation reach 2 cm. Somgtineeobserved deviation
reaching 7 cm but that concerns in fact only very measurements.

Thanks to the high precision of the RTK correctsignal, we carried out a skip pass,
which means that we skipped voluntarily passesdierato improve the half-turns at the
end of line. This practice kept the same levelretision as in normal work.

3.3 Discussion

The “theoretical trials” with the mono-disc showtbdt the Guidance System AutoTrac
generates on average the same driving precisiotewrathe dGPS correction signal is
(SF1 or SF2). However the variability of the obseldeviations is much more
restricted when the Guidance System is adjustdu tivé correction signal SF2. That
reflects the stability of this signal. This obseéiwa is confirmed by the independency of
the correction done by the SF2 regarding the rdiore.

The importance of the return time on the drivinggsion has been highlighted during
the practical trials (sugar beet sowing). Whengigie SF1 correction signal the farmer
had to recalibrate regularly the system to keepcaeptable driving precision. In the
parcel of 600 m length (average return time of 1Butes), the user needed to
recalibrated so many times that he decided tolak& manually the control of the
tractor. For the parcel of 350 m length (averagarnetime of 10 minutes), the user
proceeded differently. He recalibrated the systetheaend of the line during the half-
turn. In this way, the Guidance System kept thesmadequately.

The use of SF2 as correction signal did not recuinerecalibration during all the
sowing day even with a period of time between tasses of more than 20 min.

4. CONCLUSIONS

The automatic steering of the tractor is more andenused by farmers. It gives a great
comfort to the operator, it is easy to use andfitda numerous agricultural works
(ploughing, sowing, planting, spraying...). Its lisitdf use are strongly linked the
requested precision by these applications. Thendyiprecision of a Guidance System
is a function of its different components: the ection signal, the tractor configuration,
the soil and field conditions, etc.
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The study aimed at determining the actual precisidhe Guidance System AutoTrac
in function of the different correction signals posed in Belgium by John Deere:
StarFire 1 (SF1), StarFire 2 (SF2) and RTK.

The observed precision of the free correction di§kd. is better than the one
announced by the manufacturer. Following the olagems made in practical
conditions, the maximum deviation is around 15 cithh & return time of 12 minutes.
This correction signal could be advised for workgrmeat width requesting a lower
precision than the seeding.

The correction signal SF2 fits totally to the psé@n announced by the manufacturer.
The maximum observed deviation is lower than 11 The great advantage of this
correction signal is that it didn’t ask a re-adinent during the day which is time
consuming. The level of precision given by thisreotion signal allows the realization
of the most of the works, from the seeding to thevésting.

The RTK was the signal which gave the best pregiaitd regularity. The maximum
observed deviation was lower than 5 cm. This ctioesignal needs nevertheless the
use of a base station.

5. REFERENCES

Adamchuk, V.I1., T.S. Stombaugh, and R.R. Price 2@NSS-based auto-guidance in
agriculture Site-Specific Management Guidelir@SMG-46. Norcross, Georgia: IPNI

Beguyot, Ph., B. Chevalier and H. Rothova, 2Q@IGPS en agriculture. Principes,
applications et essais comparat{itse GPS in agriculture. Principles, applicatians
trials). Dijon, France: Educagri Editions.

Dana, P-H. 2000. Global positioning system overvieirhe Geographer's Craft
Project Department of Geography, The University of Cattr at Boulder, USDA.

Freycon, V. 1996Les GPS : Principes de fonctionnement et consgitgisation (the
GPS : Operating principles and advice for use). fdelfier, France: CIRAD.

Huyghebaert, B., G. Dubois and P. Bienfait. 200dm@arative Study of the Precision
of six GPS Guiding Systems in Agriculture.liiernational Scientific Symposium on
Farm Machinery and process management in sustagnadpticulture Lublin, Poland,
25 — 26 October.

Huyghebaert, B., G. Dubois, O. Mostade and O. Miser 2008. The Precision of six
GPS guiding systems in AgriculturE0th International Congress on Mechanization
and Energy in AgricultureAntalya, Turkey, 14-17 October.

Huyghebaert, B. and G. Dubois. 2009. GPS in dedhamschaft (GPS in agriculture).
In Grunlandtagefutterqualitat von A bis Zpp 68-71. Kyllburgweiler-Steinborn,
Germany, 13 — 14 June.

Huyghebaert, B., O. Noirhomme, G. Dubois and O.gwjse. 2008. Technico-
economical study of GPS guiding systems in aguecalin 3rd International Scientific
Symposium on farm machinery and process managemsustainable agriculture
Gembloux, Belgium, 12 — 13 November.

C0236

B. Huyghebaert, G. Dubois, G. DefaysActual and global precision of the Guidance $yst
AutoTrac from John DeereEFITA-WCCA-CIGR Conference “Sustainable Agricuiu
through ICT Innovation”, Turin, Italy, 24-27 Jun@13.



