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Abstract

As traffic noise has become a major source of noise in
urban public spaces, key traffic factors such as vehicle
speed and honking patterns have been shown to have
a significant impact on people’s perception of their
environment; consequently, more refined measurement
and research methods are required to support rel-
evant traffic management. This paper proposes a
method for measuring the perception of traffic noise
using Action Units (AUs) based on facial expression
recognition (FER), and conducts perception experi-
ments to investigate the effects of vehicle speed and
honking patterns. The results show that medium- to
high-speed traffic noise significantly reduces valence
(by 0.04-0.10), whilst low-speed traffic noise has no
significant effect; when foreground horn sounds were
introduced, the initial decrease in valence was similar
across conditions, whilst the subsequent recovery fol-
lowing the cessation of the horn varied between 0.06
and 0.14 across different patterns. This methodology
and its findings help to elucidate the non-verbal emo-
tional responses triggered by traffic noise and provide
a basis for refined traffic management measures, such
as speed control and horn usage regulation.

Keywords: urban soundscape, traffic noise, facial expres-
ston recognition

1. Introduction

Traffic noise has now become the primary source of
noise in urban public spaces[1], and affects people’s
physical and mental health as well as their productiv-
ity[2], [3]. With the ever-increasing number of vehicles
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on the roads in urban open spaces, addressing traffic
noise has become an effective measure for improving
the acoustic environment of urban public spaces. Ve-
hicle speed on the road is one of the key factors; as
traffic speeds decrease, the level of disturbance caused
by traffic noise to pedestrians also decreases. When
the speed limit is reduced to 30 km/h, noise levels
(Leq) can be reduced by approximately 1 dB(A) to
4.5 dB(A)[4]. Furthermore, the combined effect of
vehicle speed and traffic volume further shapes pedes-
trians’ perception of their environment; high-speed,
high-traffic scenarios often result in greater stress and
reduced comfort[5].

At the same time, sudden foreground sounds such
as car horns, due to their high sound pressure levels
and strong modulating components, are more likely to
elicit negative reactions such as annoyance and startle;
existing research has also indicated that foreground
events are one of the most critical factors influencing
the evaluation of soundscapes|6], [7].

In current research on traffic noise, the collection of hu-
man perceptions relies primarily on questionnaires and
semantic scales; however, subjective measurements
have limitations such as the need for large sample
sizes, a strong experimenter effect, and an inability
to reflect temporal dynamics. Although physiological
indicators (such as EDA, HR and EEG) are objective,
they do not readily allow for the direct analysis of
subtle changes in emotional experience[8]. Recent re-
search has therefore begun to explore measurement
methods that are more emotionally sensitive and ca-
pable of revealing temporal trends.

Facial expression recognition (FER) offers a more
promising approach in this regard. Psychological re-
search indicates that facial expressions account for
more than half of non-verbal communication[9]. Micro-
expressions last for only a fraction of a second and
are difficult for participants to control, whereas al-
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gorithms are often more consistent and reliable than
humans when it comes to recognition[10]. Compared
with traditional classification methods based on ‘basic
emotions’, this paper employs a fine-grained facial ex-
pression coding system based on Action Units (AUs).
Not only can AUs distinguish subtle differences in the
same emotion across varying intensities, but combina-
tions of AUs can also describe complex experiences
that are difficult to categorise under the six basic emo-
tions; their value has already been validated in the
detection of psychological states such as stress and
discomfort[11].

Against this backdrop, this paper aims to address the
gap in the application of FER within the field of traffic
noise research, focusing on: (1) how different vehicle
speeds drive the response patterns of AUs; and (2) the
differing effects of foreground noise and background
noise.

2. Methodology

This study was conducted in Shenyang, Liaoning
Province, China, with data collected from four dif-
ferent categories of urban roads in the city centre,
including urban expressways, main urban roads, sec-
ondary urban roads and urban side streets, see Fig. 1.
All vehicles recorded during the study were light ve-
hicles[12]. The microphone is positioned between 1.5
metres above the road surface[13]. Recorded traffic
noise, including engine noise, tyre friction and vehi-
cle honkings, provides an accurate reflection of the
environment in the traffic area. Measurements were
primarily taken at times when traffic or pedestrian
flow was heavy on roads surrounding urban squares,
mainly between 1.00 pm and 3.00 pm, with sound
sources recorded in one-hour intervals. The speed
limits are 60-80 km/h on urban expressways, 40-80
km/h on urban arterial roads, 40-60 km/h on urban
collector roads, and 30 km/h on urban local roads.
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Figure 1: Recording collection locations

The recording utilised a HEAD multi-channel acoustic
data acquisition front-end to capture binaural audio,
whilst a zoomable handheld gimbal was used to cap-
ture corresponding video footage of the scene. To
ensure the authenticity and validity of the data, the
experimental procedure adhered to consistent con-
ditions, including uniform timing of image capture,

selection of sunny weather, and the use of a wide-angle
lens with a roughly consistent viewing height.

For traffic noise at different speeds, audio recordings
were selected from urban expressways, main urban
roads and secondary urban roads. For traffic noise
with different horn patterns, a 60 dB(A) traffic noise
source was used as the baseline. The 60 dB(A) source
was played for 10 seconds; once the subjects had
adapted, a 60 dB(A) honking sound source was added.
The honking sounds lasted for 10 seconds and included
long-duration honking sounds (5 seconds or more),
medium-duration honking sounds and short, abrupt
honking sounds. The spectrogram of the honking
sounds is shown in Fig. 2.
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Figure 2: Spectrum plot of vehicle speed and honking
patterns

The FaceReader software used in this study, devel-
oped by Noldus[14], is a programme designed for facial
analysis. It can output 20 data sets per second, detect
changes in 20 facial action units, and establish a more
accurate facial model based on facial features specific
to East Asians. The study involved a total of 33 par-
ticipants, comprising 17 men and 16 women, with a
mean age of 23.6 years and a standard deviation of
1.325. The layout of the screens and equipment in the
laboratory is shown in Fig. 3. The experiment was
conducted in the listening room, participants seated
in a fixed position in front of a television screen. The
experimenter gave them the instruction to watch the
clip without moving their heads vigorously during
the experiment because their facial expressions would
be recorded. A video recording device is positioned
above the television, capable of clearly capturing the
subject’s facial expressions. The experimenter, situ-
ated in the control room at the rear, manages the
playback of the experimental video and guides the
subject through the experiment. The recorded images
are transmitted in real time to the FaceReader 9.0
software, which calculates facial expression data for
each frame. Participants first view the visual environ-
ment of the scene on a computer screen, accompanied
by background sound. After the background sound
has played for 60 seconds, the main audio track begins
following a 2-second transition; the audio lasts for 90
seconds.
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Figure 3: Laboratory layout

3. Results

3.1. Weighted Valence

According to previous research[15], the primary active
units in a traffic noise environment are AU01, AUO05,
AU12, AU15, AU17 and AU25. The weights for each
active unit were calculated, yielding the weighted
summation (valence formula) as, as in Eq. (1).

n
Vo= w;- AUZ™ (1)

3.2. Traffic Speed

The valence of each second was averaged in this in-
vestigation. Determine the shift from the baseline at
the present moment using the average valence when
the background sound is playing as the baseline. The
variation in value between traffic noise recordings at
different speeds is illustrated using a violin plot, as
shown in Fig. 4. A one-way analysis of variance was
employed to test the significance of traffic speed on
valence, with 7% used as a measure of effect size.

The trends in changes in the valence of the partici-
pants’ facial expressions under the influence of traffic
noise at different speeds with a linear or quadratic re-
gressions are shown in Fig. 5. The impact of low-speed
traffic noise on the subjects was minimal, with facial
expressions showing only slight negative changes that
gradually stabilised over time. In contrast, medium-
speed traffic noise induced a more pronounced negative
trend in facial expressions during the first half-minute,
followed by a gradual recovery, with the initial nega-
tive impact largely disappearing after a short period.
High-speed traffic noise also caused an early nega-
tive reaction, but the recovery was slower and the
negative effect persisted longer than under medium-
speed conditions. These results indicate that both the
magnitude and duration of facial expression responses
increase with traffic speed, with medium-speed noise
eliciting transient but recoverable negative reactions,
while high-speed noise produces stronger and more
sustained effects.
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Figure 4: Violin plot: the difference effect on facial va-
lence between traffic noise recordings of different speed
after 20s(a), 40s(b) and 80s(c) of recording. 7 is the indi-
cator of effect size in one-way ANOVA, where *** means
large effect, > > 0.14 , ** means medium effect,n® > 0.06
, * means small effect, n? > 0.01
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Figure 5: The trend of facial valance in 80s when listening
to traffic noise recordings of different speed

3.3. Honking Pattern
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Figure 6: Violin plot: the difference effect on facial
valance between traffic noise recordings of different honking
patterns after 20s(a), 40s(b) and 80s(c) of recording. n?
is the indicator of effect size in one-way ANOVA, where
*k% means large effect, n° > 0.14 , ** means medium
effect,n® > 0.06 , * means small effect, % > 0.01

Three types of horn sounds—a short honk, a medium-
length honk and a long honk—were introduced 10
seconds after the onset of traffic noise at 60 dB(A).
Independent-samples t-tests were conducted to exam-
ine changes in facial expression valence before and after
the whistling started and ended. The results, as shown
in Table 1, indicate that the onset of whistling led to
a significant decrease in valence across all whistling
modes, with the largest negative change observed for
short whistling, followed by long and medium modes.
After the whistling ended, valence scores generally
rebounded, with short and medium whistling showing
significant recovery, while long whistling showed a
minimal and non-significant increase. Overall, these
findings suggest that short and medium whistling
have more pronounced and recoverable effects on emo-
tional responses, whereas long whistling elicits weaker
changes.

The variation in value between traffic noise recordings
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Table 1: Difference in facial expression valence between
traffic sound before and after the whistling starts, and
between traffic sound before and after the whistling ends
(independent samples T-test, reporting the level of Cohen’s
effect size d).

Before and after the whistling starts | Before and after the whistling ends

Honking Pattern Mean Difference T value Mean Difference T value
Short -0.051 -4.71FF 0.037 3.259%%
Medium -0.021 -2.01% 0.031 2.450%
Long -0.023 -2.87* 0.007 1.065

Note: ** means medium effect, d > 0.4; * means small effect,
d>0.2

at different honking patterns is illustrated using a
violin plot, as shown in Fig. 6. A one-way analysis
of variance was employed to test the significance of
honking patterns on valence, with n? used as a mea-
sure of effect size. Linear regressions were performed
before the introduction of the horn sounds, during
their introduction, and after they ceased; the results
are shown in Fig. 7. The regression results show that
prior to the horn, facial expressions were gradually
declining, consistent with early trends in other experi-
mental groups. The introduction of the horn caused
an immediate drop in valence across all groups, with
short and medium horns inducing stronger negative re-
sponses than the long horn. After the horn ceased, all
groups exhibited a gradual recovery, though the long
horn group recovered more slowly. Overall, these re-
sults suggest that shorter and medium-duration horns
produce more pronounced but recoverable negative
effects, whereas prolonged horns have a milder imme-
diate impact but lead to slower recovery.
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Figure 7: The trend of facial valance in 80s when listening
to traffic noise recordings of different honking patterns

4. Discussion

By incorporating facial expression recognition tech-
nology into research on the perception of traffic noise,
this study provides an objective, dynamic and quan-
tifiable monitoring method for assessing the acoustic
environment of urban public spaces. However, the
current study has several limitations: firstly, as the
facial expression analysis system used in this study
can only process clear, front-facing facial images, the
research was confined to a laboratory setting to exam-
ine changes in participants’ perceptions under audi-
tory stimuli, thereby introducing potential interference
from the laboratory environment; Secondly, this study
only considered the influence of the auditory environ-
ment, whereas in real-world settings, multiple sensory

factors such as visual and olfactory cues also interact
to shape an individual’s perception of traffic noise;
finally, in the investigation of foreground noise, only
the single noise event of vehicle honking was exam-
ined, whilst other noise events—such as the passage
of heavy vehicles[16]—also significantly affect human
environmental perception.

Future research could further incorporate multisen-
sory stimuli, real-world testing, and a wider range of
noise events to enhance the external validity of facial
expression analysis in complex acoustic environments.
Concurrently, by integrating mobile imaging with mul-
timodal models, the scope of FER applications could
be expanded to achieve dynamic soundscape assess-
ments with higher ecological validity.

5. Conclusion

This study explored the feasibility of facial expres-
sion analysis technology in assessing the perception
of traffic noise in public spaces, and revealed the pat-
terns by which urban traffic noise affects pedestri-
ans’ perceived quality of life. Through controlled
experiments, the study systematically analysed the
effects of different vehicle speeds and horn-honking
patterns on pedestrians’ facial expressions. The re-
sults indicate that traffic noise at moderate speeds
causes noticeable negative changes in participants’ fa-
cial expressions within a short period; however, as the
stimulus persists, the negative impact gradually dimin-
ishes and stabilises. As a typical form of foreground
noise, horn-blowing events instantly exacerbate nega-
tive emotional responses, with short, medium-intensity
horn blasts having a more pronounced effect on facial
expressions; following the cessation of the horn, the
subjects’ expressions showed a gradual recovery trend,
indicating a certain capacity to recover from sudden
acoustic events.

From the perspective of traffic management, this
study suggests that unnecessary honking in pub-
lic spaces—particularly brief honks—should be min-
imised, and that measures such as speed limits and
traffic diversion should be implemented to reduce the
frequency of sudden noise incidents. Furthermore, in-
corporating facial expression analysis into the acoustic
environment assessment system is expected to provide
a more responsive and people-centred monitoring tool
for traffic noise management, whilst offering guidance
for the formulation of more refined acoustic environ-
ment management strategies.
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