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Abgtract: There are several types of position sensors, wtachbe used for distance measurement. There ischfae
more accurate distance sensor. Ultrasonic sensareay popular mainly in robotics application asigation sensor for
contactless sensing of obstacles for navigatiopgee. Ultrasonic distance sensor uses often tirflgka principle for

measurement. Some of them also uses Doppler Hifeadistance measurement. The aim is to obtain rtgiogy

measurement for measurement chain with ultrasastartte sensor. Uncertainty of measurement quesitifow it is
possible to believe to measurement results.

1 Introduction

These sensors are independent on material type andUltrasonic sensors can be made in two arrangensent a
surface colour and also independent on opticalitiond System with ultrasonic transmitter and receiver atub
Ultrasonic distance sensor uses often time to tfighhere are group of ultrasonic sensors with only one
principle for measurement (Figure 1). Some of theso ultrason_lc tran_sducer, which is u.sed as transmatidralso
uses Doppler Effect for distance measurement. &ditiie @S receiver (Figure 2). Ultrasonic sensor can leel atso
sensor are very popu|ar main|y in robotics apphmaas for CheCklng quuallty prOdUCtS., discontinuitiagmaterial
navigation sensor for contactless sensing of olestfor and also as sensor for detection of technologygsses
navigation purpose. This sensor can have probleth wi(material and tools position), material thicknessrosion
distance Sensing in case of Object made from vdirat and defects) etc. Ultrasonic is also usable forewkvel

absorbent material. detection.
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Microcontroller Ultrasonic sensor are able to measure distan@niger
o Transmitted wave from 30 mm up to 10 m depending on sensor producer.
th*%{ﬁ)w_,__}h}_% Sensors are available as switching output typenalogue
SR output type.
—— e Detectsd Ultrasonic wave sound uses frequency in range #0m
el object  kHz up to 50 MHz depending on application. After
| applying of voltage pulse on ultrasonic transmittiér
Tim eito fly generates sound wave which pass through the mediom
measurement |« Measured distance _| metal, water etc.). If any object occurs, then sowave
Figure 1 Ultrasonic distance sensor principles echo reflects back to receiver. Half of measurete tof
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received echo represent the object distance. Tibeityeof Transformation characteristic (Figure 5) has been
sound in air is approximately 340m/s, but it degeod measured for both material. There is only smafedénce
many factors as medium density, temperature, hiynidibetween them, because of the non-planar surface of
and ambient pressure [1-3]. obstacle material. As it is shown on Figure 5,eligia dead
zone up to 120 mm distance from obstacle. Aftengkaf
2 Testing of the ultrasonic distance sensor axis, it is possible to obtain the calibration elweristic
Tested sensor has analogue output and uses the so@fd after approximation of experimental data, trethm
with frequency 300 kHz. Measurement range intetval model is obtained on Figure 6. Math model can leel fisr
from 100 to 1000 mm. Measurement has been readisedobtaining of the measured length. _
temperature 20°C and relative humidity 65%. Theiaito Every measurement result has to be noted with
obtain uncertainty measurement for measuremenn chancertainty of measurement. Uncertainty of measantm
with ultrasonic distance sensor for solid and sbfitacle quantifies how it is possible to believe to measieet

material (Figure 3). Gauge length blocks have hesed results. In accordance with rules for identificatiof
for testing of the sensor (Figure 4). uncertainty, there is a possibility to obtain stand

uncertainty of measurement obtained by the methaddA
method B. Method A means that standard uncertaiaty
be quantifies as standard deviation, but it is iptess$o do

it only in case when there is a set of minimum 6f 1
measurement obtained at the same conditions. M&hod
means that standard uncertainty can be obtained fro
datasheet from sensor manufacturer. In this cae tis
only data which not fulfil condition for reportingf
standard uncertainty obtained by the method A.
Consequently, in next steps only standard unceytain
the method B will be reported.
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Figure 3 Testing of the ultrasonic distance sengithh gauge
length blocks
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3 Uncertainty of measurement Maximum uncertainty is 0.91 mm. This uncertainty

Next uncertainty is reported for overall measuremesiepends on many factors as environmental conditiuh
chain, which consist of digital multimeter and gaugalso on other parts of measurement chain. One kpessi

length. Obtained experimental data have been fitiga ~Way is to determine influence of all significanttiars and
linear model of measurement: determine math model of sensor.

0,95

y=ho +hb X (1)

S
©

Where x is voltage output from ultrasonic sensatyan
is measured distance. Coefficiefsandb; is shown on
figure 6 from linear approximation of measured datam
practical viewpoint the measured quantities haven ow
uncertainty of measurement and also coefficibpedb,
is will have own uncertainty defined with next etjoas:
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i=1 i=1 Figure 7 Standard uncertainty for distance measungd
n ultrasonic sensor
2% .
Wio) = = 2 2 4  Conclusion
(®0) Ultrasonic sensors are very popular sensors in

2

n n
an‘Z_[zxij automotive industry and also in robotic application

oy oy Backup parking sensors mounted in almost everyaoar
also ultrasonic sensors. There is only problemt ifsi
raining or snowing. Ultrasonic sensor are frequended
in robotic application as collision detection sensod
mapping sensor for navigation of mobile robot ikmnmwn
N environment. These application do not need theiggec
_in measurement. Ultrasonic measurements have a problem

= w? (3) with many factors as temperature, humidity, ambient
2 pressure etc. [4-31].
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There is a possibility that between coefficientsiny
functional relation. Covariance between coefficsenill
express it:

Uborr =cov(pO,bl) =

Wheres can be expressed with variance:

oy :izn:[wl = (b +b0)] (4) 006STU-4/2018 financed by the Slovak Ministry of
n-24% Education.
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