KarolinaTRZYNIEC

Uniwersytet Rolniczy w Krakowie, Instytut Eksplogjfiavlaszyn, Ergonomii i Proceséw Produkcyjnych

ul. Balicka 116B; 30-149 Krakdéw, Poland
e-mail: k.trzyniec@ur.krakow.pl
Adam KOWALEWSKI

Akademia Gorniczo-Hutnicza w Krakowie, Katedra Amttyki i Inzynierii Biomedycznej

Al. Mickiewicza 30; 30-059 Krakéw, Poland

ASSESSMENT OF THE DEGREE OF TRAINING THE OPERATOR OF A MODERN
SIGNALING AND CONTROL DEVICES

Summary

The article presents the problem of assessmeteodi¢gree of operator training for modern paraliieiving system, used
in a precision agriculture. The training was contkdt for ten potential operators and their skillsrevgated subjectively
after determined number of experimental runs. Datataining information about individual journeys neecollected dur-

ing the training. Then theajectory errors based on charts illustrating theburse were assessed. In conclusion the bene-

fits resulting from analysis were formulated aslwslthe concept of further research.
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OCENA STOPNIA WYSZKOLENIA OPERATORA NOWOCZESNYCH URZADZEN
SYGNALIZACYJINO-STEROWNICZYCH

Streszczenie

Artykut prezentuje problem oceny stopnia wyszkaleperatora nowoczesnej hawigacji na pasach rovgtglh, stosowa-
nej w rolnictwie precyzyjnym. Przeprowadzono szkelelziesiciu potencjalnych operatoréw oceniaj subiektywnie ich
umiegtnasci, po wykonaniu okegdonej liczby przejazdéw eksperymentalnych. Podszslé zebrano dane zawierge
informacje o poszczegélnych przejazdach. dase dokonano oceny odchyled trajektorii na podstawie wykreséw ilu-
strujgcych przebieg bHoéw. W podsumowaniu sformutowano kéckyptyngce z przeprowadzonej analizy oraz koncepcj

dalszych bada

Stowa kluczoweurzgdzenia sygnalizacyjno-sterownicze, nawigacja naphsownolegtych, ergonomia

1. Introduction

The practical difficulty faced by tractor operaaoop-
erating with navigation systems on parallel stripsthe

Precision engineering relies on two fundamenta- sy problem with maintaining strain line of driving Wwiut de-
tems: GPS (Global Positioning System) and GIS (Geoviations greater than 20-30cm, particularly wheinidg on

graphic Information System). The earlier, GPS, sy/stem
based on satellite navigation, and serves for peegefini-
tion of location of items on Earth [1, 2, 3]. Onktloe pos-
sible applications of GPS in precision agricultimeolves
monitoring of machinery operation using approprisig-
naling and control devices cooperating with suctchma
ery. Such area of agricultural activities includespong
others, driving tractors on parallel strips.

Systems that allow positioning the tractor or grical-
tural machine on the field to support the operatarork by
exact leading the tractor on the path, as well wisnaatic
drive without the operator’s participation, includet just the
aforementioned GPS, but also LPS (Local Positior8gg-
tem). This is a system that can also be used tegplavhere
the satellite signal does not reach for variousara [4].
Most devices supporting tractor operation in tleddfiare the
integrated navigations on parallel strips. Thegvalfor many
advanced driving schemes. They have in-built ressiof
GPS or LPS signals, and allow to read-out such aafzosi-
tion, driving direction, or the area where the paure takes
place. The views of current positions can be prteseas 2D
or 3D graphics. In the vast majority of such desjdbe sys-
tem can be extended by control assistant modullesvéato
achieve a greater precision), or automatic pilatctor driv-
ing without the operator’s participation).
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a field with uneven borders or located on a hill.

2. Purpose and scope of works

In order to check the level of difficulty in opéimn of
signaling and control devices with the LPS systeaining
was held for ten potential operators of a vehicleperating
with navigation on parallel strips by Trimble (mbda-X
750). The training for potential operators of thactmne
was performed by an actual trainer who observedebelts
during several dozen test drives (the number ofgmsvas
arbitrary, according to the subjective assessmettieosu-
pervisor, namely the trainer).

On the basis of such observation, the trainer ntade
decision on stopping the training where the adhagéctory
was maximally approximate to the assigned one.

The objective of the study was to gather datatitating
operator’'s progress in driving the vehicle accagdio the
navigation, and the analysis of trajectory errdcuated on
the basis of the gathered data. Appropriate seleaf the
trajectory error representation method and theyaislof
such error have allowed to assess the degree ohtope
training.

The scope of studies included:

Training for ten potential operators of a vehiotoper-
ating with the navigation on parallel strips, arathgring
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data about each pass of particular operators. Duggh
costs of fuel and depreciation of an agriculturattor, ex-
perimental studies involved a regular car.

A specially developed application served to tramsf
pixels (forming the routes: red and blue) of thdlexbed
images into numerical form. The obtained numbepsere

» The subjective assessment of the supervisor (decisi sent position of vectorsx Vi, X, Y., where:

about sufficient training of the operator) issuedtle basis
of observation of the operator’s work.

» Transformation of the form of data gathered (phates
to numerical data).

» Presentation of the trajectory error in a diagram.

3. Methodology

The data about particular passes have been gdthgre
collecting navigation print screens with overlagphoutes:
assigned one (marked in red) and actual route I{ie)b
(Fig. 1 and 2).

Source: own work Zrodto: opracowanie wiasne

Fig. 1. Navigation print screen
Rys. 1. Zrzut ekranu nawigacji

1% pass 18 pass 44 pass

Source: own work Zrodto: opracowanie wiasne

Fig. 2. Phases of training of an exemplary oper@&sults
from 1%, 16" and 44" pass)

Rys. 2. Etapy szkolenia przyktadowego operatoranifivy
z przejazdu 1., 16. 1 44.)

The training involved the number of passes indiddty
the trainer. It was stopped where the operatortrainer’s
request, performed 5 correct passes. The pass eeased
incorrect where the navigation signaled too largeiation
of the route with red control diodes.
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Xz — vector x of actual route,
Yi.— vector y of actual route,
X,— vector x of assigned route,
y.- vector y of assigned route.

Because vectors x are the same, and the actuahsand
signed routes differ exclusively with the positiohvector
y, such vectors were set together, and absolutee vahs
calculated from the difference between vector yaciual
and assigned routes.

Table 1 presents an example of a fragment of aicu
tions of the trajectory error for any pass of aeragor.

Table 1. Trajectory error calculation
Tab. 1. Obliczenie bilu trajektorii

Operator No. 9, passNo. 1
assigned trajectory actual trajectory trajectory
(red ling) (blueline) error
wektor wektor wektor wektor (Y~Yr2)
Xz Yz Xrz Yiz
246 432 246 399 33
247 432 247 399 33
248 431 248 399 32
249 431 249 399 32
250 431 250 399 32
251 431 251 399 32
252 431 252 399 32
253 431 253 399 32
254 431 254 399 32
255 431 255 399 32
256 431 256 399 32
257 431 257 399 32
258 431 258 399 32
259 431 259 399 32
260 431 260 399 32
479 414 479 383 31

121

Source: own work Zrodio: opracowanie wiasne

In order to present the volume and course of thied-
tory error, the diagram presents the interdeperaldre
tween vector x and absolute value of the differdretsveen
vectors y and Y,.

The exemplary diagrams of trajectory errors in cel
passes of an operator are presented below (Fiy. 3-7
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Source: own work Zrodio: opracowanie wiasne

Fig. 3. The course of trajectory error in tHiephss
Rys. 3. Przebieg &dlu trajektorii w 1. przejézie
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Source: own work Zrodlo: opracowanie wiasne

Fig. 4. The course of trajectory error in tHepass
Rys. 4. Przebieg gdlu trajektorii w 7. przejédzie

=]

——course of trajectory error

mooo W
&

trajectoryerror
5

—_—

] 100 200 300 400 500 600
position of vector x

Source: own work Zrodto: opracowanie wiasne

Fig. 6. The course of trajectory error in thd" Iss
Rys. 6. Przebieg &dlu trajektorii w 19. przepizie

4. Results of the analysis

The position of vectors x and y was defined bypbsi-
tion of single points forming the red and blue $n& can
be thus assumed that the unit defining the trajgetoor in
the photograph should be points. The criteria aztbity
the trainer supervising actual progress of the atpes al-
lowed him to stop the training when the operatoover
along the route correctly three times. This me&as ¢ach
pass should be signaled by navigation with greedes.

In diagram analysis this means that the trajeceorgr
should not exceed three points.

The analysis involved diagrams of trajectory efaorall
passes of each of the ten operators. The anafysigb errors
pointed out that most operators mastered driviograing to
navigation already after 20-25 passes. In threescte train-
ing should be stopped after about 15-17 passet whone
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Fig. 5. The course of trajectory error in thd"Iss
Rys. 5. Przebieg gdlu trajektorii w 13. przeplzie
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Fig. 7. The course of trajectory error in thd"2fss
Rys. 7. Przebieg gdlu trajektorii w 25. przepizie

The analysis of single diagrams brought good tesul
but this is a method requiring too much time anfibref
Therefore, appropriate IT tools should be seletdeghable
obtaining a clear objective decision about the éegof
operator's training.

The calculated trajectory errors transformed wbly-
nomial with a predefined degree could serve astidate
for the neuron network taught on the basis of th&a dath-
ered during the observation of the training prodasslv-
ing actual operators while using (as a templatdénlearn-
ing process) the grades awarded by the trainingrsigor.

The research problem presented in the summarltshal
followed in further studies by the authors.
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