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USING OF SOUND VISUALISATION TECHNIQUES FOR IDENTIFICATION
AND ANALYSIS OF VEHICLE NOISE SOURCES

Urgency of the research. The use of continuous measurement on the roads and highways with noise visualization tech-
niques can in the future lead to increasing road safety. Central computer system could for example, evaluate the information
continuously and the feedback would have warned drivers, through their mobile phones or GPS, to replace tires in the near-
est dealer or car service. Vehicles fault diagnosis is currently carried out by different devices in car services. In terms of
increasing the efficiency, diagnostic methods can be extended for noise visualization techniques.

Target setting. Using of measuring devices (for noise visualization) in car services for faster detection of faults and dam-
aged parts as well as based on the measured values of noise pressure level, could be evaluated, if the tires are still safe or not.

Actual scientific researches and issues analysis. Acoustic cameras and various noise visualization techniques are im-
plemented to manufacturing process of passenger car manufacturers. Their use is for detecting errors and for reduction of
engine noise and its parts as well as car interior.

Uninvestigated parts of general matters defining. This article provides only partial research and conclusions. Philoso-
Pphy, to use this noise visualization technique in many cases is different.

The research objective. The aim of this study was to demonstrate the differences in sound levels between two vehicles
Skoda Octavia at different speeds at the same road. Partial output is a frequency analysis and identification of dominant
sound sources in the engine space of VW Golf 1.4 vehicle.

The statement of basic materials. The methods of dynamic visualization of noise are used all around the world. In our case, we
used the acoustic camera to visualize and identify the sound sources of moving vehicle as well sources of noise in the engine space.

Conclusions. It has been found that vibration from the engine are transmit by chassis to the interior of vehicle and
cause uncomfortable noise. In the future, we expect the use of such measuring devices in car services for faster detection of
faults and damaged parts. When passing vehicles and higher speeds, the biggest noise, the pressure wave in the contact tire-
road is causing. Differences in noise pressure levels are mainly due to weight, quality of tires, aerodynamics and the shape
and size of the tread.
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Introduction. The main task of the sound engineering is optimal adaptation of vehicle noise
on subjective needs of its users. Although most vehicle transmission noises relate to internal parts
and cannot be seen, their behavior and sound frequency always deal with a moving part according
to engine rpm or pressure. Other worn vehicle parts can mimic the noise or feel of faulty
transmission parts, so it becomes important how to identify noises specific to certain problems [1].
Vibration is the variation or displacement of a body with respect to specific reference position
with time when displacement is alternatively greater or smaller than reference. Harshness is
defined as vibration perceived actually and audibly produced by interaction of the tyre with road
irregularities and vibrations of the structure and components [2]. Vibrations in engine are
generated due to the reciprocating mechanism used for converting the energy into rotary motion.
The engine vibrations produce combustion and reciprocating and rotational forces. Noise and
vibration in driveline are a consequence power transmission from engine to wheels. The various
sources are transmission gear noise, drive and propeller shaft, axle noise, tyre noise, acrodynamic
noise, wind noise and interior noise. Tyre noise is due to tribology between tyre and road. Tire is
excited by several means, which include non-uniform wear, radial or lateral run-out, road
roughness, road surface irregularities, road surface discontinuities that induces impacts, bumps
etc, which contribute to noise and vibration of automobiles [3].

1. Experimental part

To measure and visualize vehicle noise, we used acoustic camera. Used acoustic camera is
based on beamforming method and conventional delay-and-sum beamforming in the time
domain (see Fig. 1). Time domain delay-and-sum is done by separately delaying each
microphone signal, making them align before summation and normalization. Acoustic camera
currently uses the time domain delay-and-sum mainly because of the faster processing speed
and new signal processing algorithms [4; 5].
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Fig. 1. Delay-sum beamforming method of the acoustic camera [4;5]

Measurement of passing vehicles

Measurement was realized for two passenger vehicles, directly Skoda Octavia 1.4 (Fig. 2)
and Skoda Octavia 1.6i (Fig. 3). Speed of the vehicle in the measurement position was 30, 40
and 50 km/h. Passing vehicles was measured in the perpendicular to the microphone array.
Measurement was carried out under relatively favourable conditions, air temperature 11°C,
sunny, no wind. We used ring antenna, which consists of 48 microphones and one web
camera. Distance of measured object and the antenna was 10 m. Measurement time record
was set at 8 seconds. Noiselmage program is designed for process and analysis of measured
data. In this program can be calculate outputs as time sound record (Fig. 4), frequency
spectrum, spectrogram (Fig. 5) and sound images and movies.

Fig. 2. Noise emissions of Skoda Octavia 1.4 Fig. 3. Noise emissions of Skoda Octavia 1.6i
(gear engaged 4, speed 50 km/h) (gear engaged 4, speed 50 km/h)
Fig. 4. Time sound record of passing vehicle Fig. 5. Spectrogram of passing vehicle
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Measurement in the engine space

Measurement was realized on passenger
vehicle Volkswagen Golf 1390 cm’, 55 kW.
Location of ring antenna was 1 m from the
engine, see Fig. 6. Measuring time was set to
8 seconds. The measurements were performed in
three variations, specifically:

— at engine idling speed,

— at 2000 rpm of idling speed,

— at variables rpm of idling speed (from Fig. 6. Location of ring antenna from
idling speed to 2000 rpm idling speed). the engine space

2. Results and discussion

When moving the vehicles it is evident from Fig. 2 and Fig.3 that the greatest noise of
passing car is emitted on contact of the tire with the road. This is caused by the pressure wave
which is generated by the contact of the road and the tires. Similarly results describes also by
the authors v [6]. Acting forces on the road when passing a vehicle are vertical, horizontal and
dynamic. The results and the comparison of sound pressure levels of passing vehicles Skoda
Octavia 1.4 (Auto 1) and Skoda Octavia 1.6i (Auto 2) are stated in the Table and Fig. 7.

Table
Sound pressure levels of the comparison vehicles
Sound pressure level [dB]
Gear selected Speed of passing vehicles [km/h] Auto 1 Auto 2
2 30 67.6 66.6
3 40 75.0 69.8
4 50 75.7 70.3

Fig. 7. Sound pressure levels depending on the speed of passing vehicles

The quality of the road had the same properties and the differences in sound pressure
levels are associated primarily with the quality of the tires, different composition and age.

The results of measurements in the engine space is primarily for identify of dominant
frequency bands and frequencies. With analyzing the frequency spectrum (Fig. 8) were
selected the most dominant frequency bands for identifying of problematic noise sources.
Acoustic images were processed for frequency bands from 195 Hz to 207 Hz, see Fig. 9, from
718 Hz to 746 Hz, see Fig. 10, from 990 Hz to 1000 Hz, see Fig. 11 and from 2900 Hz to
3100 Hz, see Fig. 12. The resulting acoustic images were processed only for variant at 2000
rpm of idling speed.
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Fig. 8. Frequency spectrum of the variant - 2000 rpm of idling speed

Fig. 9. Acoustic image from 195 to 207 Hz Fig. 10. Acoustic image from 718 to 746 Hz

Fig. 11. Acoustic image from 989 to 1000 Hz Fig. 12. Acoustic image from 2900 to 3100 Hz

From the presented acoustic images can be visually identified the noise sources, such as
vibration of the engine block, aerodynamic noise of the air intake, belt drive system which are
not in one plane, pulleys are strongly stretched, alternatively various resonance effects.

The noise pressure level at 2000 rpm idling speed amounted to 71.2 dB compared to
48.5 dB at idling speed. These calculated values are valid for the frequency range 0-24 kHz.
All noise pressure levels are presented as unweighted, ie without weighting filter A.

The results of measurements at variables rpm, showed the occurrence of tonal component
in the vicinity of 120 Hz frequency (see Fig. 13).
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Fig. 13. Spectrogram with selected tonal frequency

Conclusion. It is possible used of visualisation techniques to localize a sound source of
engine parts. Then can determine the sources of defects and take measures to eliminate them.
It has been found that vibration from the engine are transmit by chassis to the interior of
vehicle and cause uncomfortable noise. Currently, acoustic cameras and various noise
visualization techniques are implemented to manufacturing process of passenger car
manufacturers. Their use is for detecting errors and for reduction of engine noise and its parts
as well as car interior. In the future, we expect the use of such measuring devices in car
services for faster detection of faults and damaged parts.

When passing vehicles and higher speeds, the biggest noise, the pressure wave in the
contact tire-road is causing. Differences in noise pressure levels are mainly due to weight,
quality of tires, aerodynamics and the shape and size of the tread. The use of continuous
measurement on the roads and highways with noise visualization techniques can in the future
lead to increasing road safety. Based on the measured values of noise pressure level, could be
evaluated, if the tires are still safe or not. Central computer system could for example,
evaluate the information continuously and the feedback would have warned drivers, through
their mobile phones or GPS, to replace tires in the nearest dealer or car service.
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Ilason Jlinmaii, Mapex Mopaseyws, 1 3601ti06cvbKui

BUKOPUCTAHHS TEXHIKH BI3YAJII3AIIIL 3BYKY JIJISI BUSIBJIEHHS
TA AHAJII3Y JUKEPEJI TYMY TPAHCHHOPTHOI'O 3ACOBY

Y yit cmammi posenanymo memoo ounamiunoi gizyanizayii wiymy, 6UKOpUCmosyiouu aKycmuuny Kamepy. Bukopucman-
Hsl AKYCMUYHOT Kamepu 0ae MOJCIugicmy 6izyanizyeamu i i0enmuixyeamu 0djcepend 38yKy pyxomoi mexuixu, a max camo
ooicepena wymy 6 MOMOPHOMY 6IOCIKY. /st mo2o wob kpawe diacnocmysamu 0egekmu, MONCHA OAHT BUMIPIOBAHHS NOEOH)-
eamu 3 umipamu gibpayivinux cencopis. Pezynomam docniodcenns nokasas pizHuylo y pieHi 36yKie Midc 080MA MAUUHAMU
Skoda Octavia na miii camiti doposi npu piznux weuokocmsax. 4acmkosuil 6UCHOB0K — ye ananiz yacmomu ma ioenmuixa-
yist Oominyrouux odxcepen 38yKy 8 momopnomy 6iocixy VW Golf 3 06’emom osueyna 1,4 n.

Knrouogi cnosa: asmomobiny, ioenmuixayis, yacmoma, UMIPIOBAHHS, ULYM.

Ilason Jlunmau, Mapex Mopasey, An 360ti06ckuii

HUCITOJIb30BAHUE TEXHUKHU BU3YAJIU3ALINU 3BYKA JJId ONPEAEJEHUSA
N AHAJIM3A UCTOYHUKOB HIYMA TPAHCIIOPTHOI'O CPEJACTBA

B dannoii cmamve paccmampueaemcs Memoo OUHAMUYECKOU GU3YANU3AYUY WYMA, UCNONb3YS AKYCIUYECKYIO KAMepY.
Hcnonvzoganue akycmuyeckoil Kamepvl 0aen 803MON{CHOCHb GU3VATU3UPOSAMb U UOEHMUDUYUPOSANTb UCMOYHUKU 368YKd
08UIICYWJelicsl MEXHUKY, A MAK Jice UCMOYHUKU WYMA 8 MOMOPHOM omceKe. [l moeo 4mobbl Jyyuie OuacHOCmuposams
Oeghexmbl, MOJICHO OaHHbIe UBMEPEHUs COBMEWanmb C USMEPEHUAMU GUOPAYUOHHBIX ceHCcopos. Pezynomam uccredosanus
NOKA3a paznuyy 8 yposHe 38yKo medicoy 08yms mawunamu Skoda Octavia na 00noll u moii Jce 00poce npu pasHuix CKOpo-
cmsax. Yacmuumwlil 661600 — MO AHATU3 HACTOMbL U UOSHMUDUKAYUS OOMUHUPYIOUUX UCOYHUKOS 38VKA 8 MOMOPHOM
omcexe VW Golf ¢ obvemom osucamens 1,4 x.

Kniouegwie cnosa: agmomobuns; udenmuguxayus; vacmoma, usmepeHue, uiym.
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