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1. BEERFZEREB D

Technical University of Munich (7echnische Universtit Miinchen) has established in 1868. Its
reputation as a foremost academic institution with 6 Nobel prizes and many other prestigious
awards, making it repeatedly the number one German university in various rankings, including the
most recent ones. Our university covers a large spectrum of fundamental and applied research with
studies ranging from engineering, natural sciences, including life and medical sciences, to
economics. Today TUM comprises 13 faculties with more than 25,000 students (about 20 percent of
whom come from abroad), 460 professors, and roughly 6,500 academic and non-academic staff.
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The institute that I have dispatched is Institute for Human-Machine Communication
(Lehrstuhl fiir Mensch-Maschine-Kommunikation) which is established within the department
electrical engineering and information technology (EE&IE). The institute focuses on novel
techniques for an intuitive and natural interaction of humans with all types of computers and
computer-controlled systems and machines. Their main competencies and research interests covers
pattern recognition, signal processing, statistical classifiers and acoustics. The acoustic group of the
institute is headed by by Professor Hugo Fastl as known as the one of the leading person on the
psycho-acoustics in the world represented.

2. WMHENE LR

WA, BREBEBEHEEV)RNA 7Y v FHEBHEHEV)Z EO X B E S 20E IS & L
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BTOEFICHR L, NRAKBEHEBEL D OHITHE EVIREEE TS, 2Dk
%, "Quiet Vehicle (Ff7aH) ” R EEWINDE T EDHL, Z LT, §HIPTH SDK
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W E LT, fEROH L FRREDE ZHiH T 2L EOFAHIKE TR S NTWE, 20
Bahix, EREHOHYEEL S T2012F K TOREBRIRHIEPIHIEI NS 2 L, 20K
SNIIEFICHERTH 5, B, EEEETSS TR IN TV 04 P74 Vi, B
%@%iuFm%%@<&a%ﬁﬁ%k?%$ﬁ#ﬁLﬂmmﬁiﬁT%%’%T%%ﬁ%
@k%é%ti&w&EJkﬁénfm%ﬁ,’ EOIHEEEE N CHM 2R 5720
0% BERTH DD, §L<u%ﬁﬁ«@wﬂ#awﬁﬁfﬁéwﬂ_omf,%%
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Figure 1 — Assumed relative position of a pedestrian and the vehicle providing warning sound.
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Figure. 2 — Medians and interquartile ranges of the adequate levels (open markers) and the lowest levels
(filled markers). The horizontal dashed line indicates the environmental noise level (LAeq) for each
background condition.
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Electric and hybrid electric vehicles (EV/HEV) have the advantages of being more
environmentally friendly and quieter than internal combustion engine vehicles. However, reduced
noise can also lead to potentially dangerous situations for pedestrians when an oncoming vehicle is
inaudible in a given background noise. Installation of warning sounds which are radiated by the
vehicle to alert pedestrians is being considered in various countries. Since this is a global topic, it is
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Figure 3 — Experimental set-up

of vital interest whether there exist cross-cultural differences.

Four environmental background sounds were recorded: a two-lane busy street in down
town, a two-lane road in a residential area, six-lane heavy traffic and a narrow road in a shopping
area. The recordings were performed binaurally using a head and torso simulator (HATS) located on
the sidewalk. Three potential warning sounds were used in this study: a car horn (sampled from a
commercial CD), the sound of an idling gasoline engine (recorded at a distance of 2m to the
vehicle), and bursts of band filtered white noise. These sounds were played back over a loudspeaker
in an anechoic room and re-recorded binaurally via the HATS to simulate a position 2m diagonally
behind the subject (Figure 1). The experiments were performed in a darkened sound-proof booth.
The signals were presented dichotically over Sennheiser HD-650 headphones. The input voltage to
the headphones was measured, so that, knowing the headphone sensitivity, the playback level could
be calibrated (Figure 4).

Subjects could adjust the level of the warning sounds using a slider visible on a computer
screen. In one part of the experiments, subjects were asked to adjust the level of the warning sounds
so that they are clearly audible and can be reliably detected in the background noise. In the second
part the goal was to adjust the level so that the warning sounds are just audible. The order of these
tasks was switched for each new subject. All stimulus combinations were presented once in pseudo-
random order. All subjects took part in a second trial some weeks later to check for intra-individual
differences. Eleven male and four female German subjects aged 26 to 49 (mean 31.3) participated
in the experiments. All reported normal hearing.

Figure 2 shows the inter-individual medians and interquartile ranges of the adjusted levels
for all stimulus combinations. White symbols indicate warning signals which were adjusted to be
clearly audible, black symbols show warning signals which were just audible. Additionally, the
RMS levels of the background sounds are marked by horizontal lines. As expected, the adjusted
levels of the warning signals depend strongly on the level of the background sounds. Differences
between adjusted levels for each background sound correspond to the respective differences
between the environmental sound levels. It can also be seen that the type of warning sound plays an
important role. In each case, a car horn needed more level to be (clearly) audible than the other
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sounds, while band limited noise was detectable more easily. The levels of clearly audible warning
signals are about 15 to 20dB higher than their respective audibility thresholds. Inter-individual
interquartile ranges can reach almost 10dB. This rather large variability is likely caused by the
strong level fluctuations of the environmental background sounds (e.g. varying amount of cars
passing by on the road). These fluctuations are probably also the reason for large intra-individual
differences between the two trials (Fig. 3). Subjects frequently adjusted the same sound in the
second trial to a level 10dB or more different from the first trial.

The results shown in Figure 2 indicate a strong influence of the type of warning sound as
well as the background sound on the necessary level of the potential warning signal. A sound with
an adequate level which is clearly audible in one environment (e.g. car horn in a shopping area),
may be at the detectability threshold in another background (e.g. car horn in heavy traffic).
Regarding guidelines for sound levels of warning signals radiated by vehicles, it can be seen that
recommending one fixed level could be problematic. For example, the Japanese guideline
recommends a value of 55dB (reference of Japanese guideline [3]). Such a sound might be adequate
in one particular environment, but might become inaudible and therefore ineffective in the presence
of higher background levels. An adaptive strategy to adjust the radiated level to the current
background sound might provide a more effective solution.

3. SHOEY L &M
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