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Summary. The basic task to be performed by the instrurpanel installed in the vehicle cockpit

is the visualization of technical condition for thasic systems included in the vehicle equipment
and the displaying of travel parameters. Actuatly tockpits are equipped with many warning
lamps and needle indicators informing the driveitha vehicle condition. The concept of elec-
tronic instrument panels displaying the readingstlmn screen has been presented in the paper
using the example of the instrument panel installeBESO POLONEZ motor cars. The operation
of the instrument panel of the motor car was siteglan LabVIEW environment.
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INTRODUCTION

The use of instrument panel of the motor carsssrisal for an increased feeling of
safety. Any subjective decisions regarding furthetions performed during travel are
made by the driver on the basis of objective regalwbtained from the installed indica-
tors and individual warning lamps. The more dag& raceived by the driver, the more
complete is his knowledge of the vehicle conditibhe time of receipt of the informa-
tion on vehicle condition by the driver is also on@ant. Considering these assumptions
from technical point of view, high reliability, Idglity of displayed information and the
certainty that such information will be receivedthg driver are the basic requirements
to be met by the instrument panel.

In case of contemporary control of cockpits insilin motor cars, the role of me-
chanical components and of condition indicatorsvipled with the bulbs is essential.
The instrument panels provided with electronic igp (particularly mileage indicators,
speed indicators, car clocks) are used more fratyuend use of the electronic displays
with the verbal messages presenting the travehpaters is less frequent. The next fea-
ture of the conventional vehicle instrument parisl$ack of connection between the
individual electric systems enabling data transiors$o the cockpit and lack of auto-
matic checking of technical condition for individumdicators and warning lamps.
While a damage of speed indicator may be suspéctease of its serious defect on the
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basis of watching the actual situation on the rdtadould be impossible in case of burnt
bulb in the warning lamp. An impossibility to adaphe appearance of the instrument
panel to individual needs of the user is the neature which is not essential in respect
of technical considerations but important in respé@esthetics.

In order to achieve the features of the above-pteseconventional instrument
panels, the concept will be presented for an iattegr instrument panel design with the
vehicle condition data and travel parameters ofvidtdcle displayed on the screen. Any
information and signals received by conventionaligators and warning lamps were
collected by means of data acquisition device. @pplication created in LabVIEW
programming environment was used for the interpitetaof information received from
individual circuits and systems of the vehicle.

The purpose of LabVIEW programming environment pied by NATIONAL
INSTRUMENTS is to prepare the software for measursystems to be used for the
measurements in real and virtual circuits. LabVIEW/ironment is a complex program
enabling the designing and modelling of simple i as well as monitoring of com-
plex manufacturing processes by means of grappicairamming languages. The de-
signing and building of virtual devices used in qguter aided measuring systems is also
possible in LabVIEW environment. Thanks to spee@lipment (e.g. data acquisition
device), the construction of the instrument paeeguired for testing of the real system
under test is also possible.

An unquestionable advantage of correctly prepareddisplayed on the screen ap-
plication (not only in LabVIEW environment) congish limited possibility of unknown
actions of the user in case of erroneous readingsiformation received from the
screen. In the example presented in the preseet pagdividual analogue indicators and
warning lamps were eliminated and their burninglamage is impossible. Any failure
in the measuring system can be detected easilpusecthe information obtained from
all signals and readings is contained in the sigrmadsmitted from the data acquisition
device to control unit and from the computer tosheeen.

The possibility to adapt the cockpit appearancéhorequirements of the user is
another advantage of the solution in comparisom widnventional instrument panels.
Any modifications of needles colour, backgroundnaficators and position changes are
much easier and direct adaptation of the cockgitapnce to the taste of the user actu-
ally driving the vehicle is also possible.

The aim of executed researches was to create ale@mprtual instrument ena-
bling the signal detection, analysis of obtainefdrimation and displaying of results as
well as simulating the operation of a real instratnpanel. The next stage of the re-
searches consisted in the comparison of resultsrdat from an analysis of the received
information on the vehicle condition data and tigparameters of the vehicle which are
presented in both the measuring systems (i.e eimetdl and virtual one).

CONVENTIONAL INSTRUMENT PANEL

The cockpit installed in FSO POLONEZ motor car witle functions to be simu-
lated by means of the application created in LatWIBnd displayed on the computer
screen, is used as the conventional instrumentl p@ihe appearance of the cockpit was
illustrated in Fig. 1.
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Fig. 1. FSO POLONEZ - Instrument panel

The following needle indicators are incorporatedhie instrument panel: speed in-
dicator, engine speed indicator, fuel gauge, adspure indicator, coolant temperature
indicator, mileage indicators i.e. total mileagdigator and periodical mileage indicator,
binary indicators (warning lamps): for braking &t choke control lamp, rear fog
lights, rear window glass heating, charge indicatearning turn signal indicator, head-
lights, side lights, dipped headlights. The warrigbts for fuel reserve, oil pressure and
clock are additionally provided in the instrumeanpl.

The instrument panel is a part of the laboratosy $¢and built as the master thesis
[Wacik 2005] and installed as the equipment of Mator — Vehicle Diagnostics Labo-
ratory in the Computer and Electric Engineering &émpent in the Technical University
of Lublin. The layout of the laboratory test stamds used to check the functions of the
application created in LabVIEW environment and datian of the operation of the
instrument panel made by the manufacturer wagridted in Fig. 2.

Fig. 2. The laboratory test stand
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VIRTUAL INSTRUMENT PANEL

The model of virtual instrument panel performindj faihctions and tasks of the
original instrument panel installed in FSO POLONE®tor cars was created on the
basis of environment LabVIEW (program LabVIEW 7[Nat. Instr. 1998, 2003, Ta-
czata 2005]. According to design inputs, the puepofthe developed virtual instrument
is to enable the cooperation with the real labayatest stand provided with the cockpit
of FSO POLONEZ motor car made by the manufactunérta enable the simulation of
processes occurring in course of travel and tolalystheir representation on the instru-
ment panel. Using the design inputs assumed écttbated application, it was possible
to check the convergence of the results obtainem fthe real instrument panel with
those obtained from the virtual instrument panedwiver the part encompassing the
simulation of real processes occurring in cours&afel will enable the use of the cre-
ated virtual instrument in didactical process a#l & in course of further development
of the project in order to add the new function$.U$B-6008 data acquisition device
manufactured by NATIONAL INSTRUMENTS was used irder to record real diag-
nostic signals originating from the instrument gdanstalled in the laboratory test stand.
The data acquisition device is provided with 8 Eranalogue inputs or with 4 differen-
tial programmable analogue inputs, 2 analogue asitfpd 12 programmable digital 1/O
systems. The information received from the input®wtputs control signals is sent to
the control unit (PC) by means of USB line. Thenaigtransmitted between the data
acquisition device and PC conforms with full-spe¢8B standard [Nat. Instr]. The
layout of NI USB-6008 data acquisition device withsstrated in Fig. 3 and the block
diagram of a test stand was illustrated in Fig. 4.

WNATIONAL 3
) INSTRUMENTS 2

NI USB-6008
8 Inputs, 12-bit, 10kS/s Multifunction 0
3 8

Fig. 3. NI USB-6008 data acquisition device
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Fig. 4. The block diagram of the test stand
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The front panel incorporated in the created virinatrument panel was illustrated
in Fig. 5. In order to make the presentation of ittduded drawing more legible, the
colour concept of the virtual cockpit was not agéapto the real cockpit. Also the needle
clock incorporated in the real cockpit was replalbgdhe digital clock with date display.
Two fields with the warning lamps and pushbuttoresenprovided in the lower part in
order to enable the simulation of diagnostic signal
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Fig. 5. The front panel included in virtual instrent panel created in LabVIEW program

The block diagram of the created virtual instrumeamel analogical to the instru-
ment panel installed in FSO POLONEZ motor cars iastrated in Fig. 6. In order to
improve the circuit diagram transparency, sometoklements were combined into a
form of subprograms containing a part of input otpoit elements, configuration of the
data acquisition device ports and performing theveecsions required to adapt the input
signal parameters to the ranges of indicators aahing lamps. The individual subpro-
grams used in the main simulation program are charized by precisely specified
functions enabling quick connection between indiaildelements without any necessity
to analyse their inner block diagrams.

The virtual instrument enabling the vehicle speeadsurement and determining the
(total and periodical) distance travelled by théigk on the basis of instantaneous val-
ues of vehicle speed, belongs to the most impostalnprograms constituting the part of
main program.

After completion of continuous signal quantizatiortime and amplitude domain in
order to convert it into discrete form, the follmgi equation enabling the calculation of
vehicle travel was obtained:

S=3V AL, (1)

where:
V, — speed assumed as average speed in a given pétiog;

At —time interval (the value assumed in the projewb@nts At =100ms).
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Fig. 6. The window of block diagram for virtual tnement panel

The window of block diagram for virtual instrumgrdnel ensuring the display for
the vehicle speed on the indicator and the (tatdl @eriodical) distance travelled by the

vehicle was illustrated in Fig. 7.
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Fig. 7. The window of block diagram for virtual tnsment — speed indicator
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Owing to the mechanical system for the measureiimstantaneous value of ve-
hicle speed provided in the real system (installedc<SO POLONEZ motor car), the
mechanical value (speed indicator cable speedjdbd converted into electrical value.
Therefore DC rate generator was used as the speelthge converter.

COMPARISON OF REAL AND VIRTUAL INSTRUMENT PANELS
FOR FSO POLONEZ MOTOR CAR

The detecting part of laboratory testing stand wssd in order to compare the
functioning of the real and virtual instrument plané\ part of laboratory testing stand
incorporates the real measuring systems in foriseators being used in course of FSO
POLONEZ vehicle diagnosis (temperature sensor,spressensor, position sensor). In
order to enable function test for individual wamitights, the properly configured
switches were used.

In course of comparison of warning lights functimgin the real system with corre-
sponding LED indicators incorporated in the virtpahel, it was observed that the lamps
went on and off in both the panels simultaneouBhe unquestionable advantage of the
virtual instrument panel consists in the fact tthat burning of any virtual warning lamp
is physically impossible. If the bulb is burnt inetreal instrument panel, any reliable
information on the condition of the circuit is udable for the user. In case of the vir-
tual instrument panels, it is possible to inforra tiriver of the failure of any system by
means of text or voice announcement.

In course of comparison of the functioning of bdte types of panels, in case of
analogue signal analysis (operation of indicatord elocks), false instruments readings
were observed in both the cases in case of voltagations in the system. However, in
case of the virtual instrument panel, it is possitd reduce the influence of voltage
changes on the instrument readings by the voltaggsarement in the system and proper
configuration of the systems using additional coticemn module. Additionally, such
correction process is possible at program levekats of any additional investments in
form of auxiliary equipment.

The virtual instrument panel gives the possibitdyadapt the appearance of the in-
strument panel in individual manner owing to potisipof modification of the layout
and configuration of the elements incorporatechi front panel window. It is possible
to hide and to record certain events which maydedul, for instance when determining
the reasons of accidents.

The unquestionable disadvantage of the virtuatumnsént panel is the necessity to
invest significant funds to purchase the screencamdrol unit being the essential com-
ponents enabling the application of such solution.

CONCLUSIONS

The following conclusions can be drawn from thecexed functionality analyses
for both the types of instrument panels incorpatate the control panel of FSO
POLONEZ motor car:

Currently used analogue or electronic systems easuscessfully replaced by the
virtual instrument panels.
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Functionality of the virtual systems is higher tHfanctionality of the conventional
systems.

Virtual instrument panels systems are charactertpedhigher reliability (lack of
single systems).

Virtual instrument panels enable improved procegsihthe signals received from
individual control systems and sensors and in aquesece higher precision of readings.

Virtual instrument panels enable an implementatibnew functions and, in conse-
qguence, higher versatility of their use. An apgima of the virtual instrument panel is
directly associated with rather high costs of hamdwand software installation to be
incurred by the user.

REFERENCES

National Instruments 1998: LabVIEWTM — User Manual.

National Instruments 2003: LabVIEWTM 7 — Expres®iJglanual.

National Instruments: USB-6008/6009 — User Guide.

Ttaczata W. 2005: LabVIEWTM - zintegrowadmdowisko programowe, cz. Il. PrzedlElek-
trotechniczny 2, 15-20.

Tlaczata W. 2002Srodowiska LabVIEWTM w eksperymencie wspomaganym gaterowo.
WNT, Warszawa.

Wocik A. 2005: Stanowisko dydaktyczne do badaniarafury kontrolno-pomiarowej. Praca
dyplomowa, Politechnika Lubelska.



