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In recent years, there has been an increasing interest in the use of acoustic sensors for monitor-
ing urban noise. The most common concerns are the exposure of civilians to high sound levels
and the localization of the main noise sources. Pressure-based solutions have been proven
useful for observing noise at specific locations, but they have limited capabilities addressing
source localization in broad areas, especially transient noises. In contrast, the combination of
pressure and particle velocity transducers, the use of vector sensor such as the Acoustic-Multi-
Mission Sensor (AMMS), allows for the determination of the sound direction of arrival at one
specific location. Consequently, a set of AMMS distributed across an area of interest enable
the location of noise sources by using triangulation upon the acquired data. A monitoring
system based on AMMS has been successfully tested for the detection of illegal fireworks in
the city of Leiden (the Netherlands). Five sensors have been placed on the roofs of several
buildings around the city acquiring data for 17 days. The novel hardware system, calibration
procedure and measurement results are presented in this paper.

1. Introduction

The location of illegal fireworks has raised many concerns in recent years. The high risk of
this activity along with the hazard and annoyance that it causes have triggered the development of
novel sound source localisation solutions. Conventional acoustic systems for urban noise monitoring
employ a set of microphones distributed across a large area to measure the sound pressure level
at specific locations. However, pressure-based approaches are unable to give sufficient information
about the true origin of the noise. In contrast, systems based on “acoustic vector sensors” [1] integrate
a sound pressure microphone with orthogonally placed particle velocity transducers to provide the
sound direction of arrival (DOA) [2, 3]. The recent integration of an acoustic vector sensor with a
hardware module that records and processes all the information has lead to create the Acoustic-Multi-
Mission Sensor(AMMS), an independent unit which operates remotely and provides the DOA at its
location, ideal for sound monitoring purposes.

The AMMS system was initially designed to locate missiles, artillery and mortars [4]. It was
developed by Microflown-AVISA in collaboration with the Dutch Ministry of Defense. The system
is currently used to track ballistic explosions in military shooting ranges. AMMS have also been
integrated in ground vehicles and helicopters to localise hostile fire [5]. AMMS can be adapted to a
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great variety of applications due to their flexibility and robustness.
This paper is focused on a practical implementation based on the use of AMMS units to provide

real-time localization of illegal fireworks across a large urban area. The results obtained were used to
generate an alert and communicate the coordinates of the acoustic event to the nearest police office,
allowing them to take immediate action and stop the illegal activities.

2. System Description

A AMMS system has two main components: one or more AMMS units and a Main Station
Command Post (MSCP). Each AMMS comprises a sound pressure microphone and two particle ve-
locity transducers, i.e. an Acoustic Vector Sensor (AVS). The transducers are connected to an em-
bedded hardware module that processes the acquired signals. The device is 0.3 m in diameter and
weighs approximately 2 kg. The electronics are contained in a stainless steel compartment which is
surrounded by a windscreen that reduces noise induced by wind as well as protects the sensor against
rain and dust. Every AMMS includes a battery and an antenna to communicate with the Main Sta-
tion Command Post (MSCP). The MSCP is composed by a rugged laptop with Sensor Management
System software, an antenna, a battery and a communication module. Pictures of an AMMS and a
MSCP are shown in Figure 1.

Figure 1: Acoustic Multi-Mission Sensor (left) and Main Station Command Post (right) .

The acoustic vector sensor (AVS) integrated in each AMMS enables a broadband assessment
of the entire audible range, providing a quantitative estimation of the loudness and information of
the acoustic direction of arrival. A single AMMS can offer a minimum of 1.5◦ of detection accuracy.
Previous test have shown that a gunshot can be detected up to 500 m with a precision of approximately
1◦, and a 5% error estimating shooting distance [5].

The data processor module built in the AMMS is able to record and analyse the AVS audio
signals. Every time an event is detected, the system sends time-stamp, detection, direction, distance
and classification information to the MSCP. The software of the MSCP processes and merges all
AMMS data producing a real-time source localisation map of the assessed area. The MSCP can fully
manage every AMMS unit remotely, thus controlling the performance and settings of every sensor
from the main station.

3. Measurement campaign

An AMMS system was tested in Leiden (the Netherlands) between the 16th of December 2013
and the 2nd of January 2014. The high amount of fireworks incidents occurring during the winter
holidays raised the interest of the selected time period. A total of 5 AMMS units were used for the
measurement campaign studied in this paper. A MSCP was positioned in a waterproof enclosure on
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a building roof in order to ensure good communications with all the sensors. Internet access was
provided using a wireless mobile network dongle. The system was configured to send an email to the
local police describing the timing and location of each detected event.

3.1 Sensor positioning

The installation process of each AMMS unit requires two fundamental steps: recording the GPS
location of the sensor and orientating the device towards a landmark. A very accurate estimation of
each unit location can be obtained by means of a differential GPS. The alignment towards a landmark
of known coordinates is adjusted using a D-GPS and a orientation tool, shown on the right hand side
of Figure 2.

AMMS units were placed on high buildings to ensure a good reception of the acoustic events
as well as to minimize reflections from neighbouring structures, environmental noise produced in
the surroundings, and, at the same time, facilitate the communications with the MSCP. A satellite
image of the area is shown on the left hand side of Figure 2 highlighting with green circles the sensor
locations.

Figure 2: Location of the AMMS system across Leiden (left) and AMMS alignment tool (right).

The total area covered by the AMMS systems was approximately of 1300 by 1900 m. Detec-
tions did not necessarily have to be within this zone, however, the localisation accuracy increases
when this is the case. Limiting the coverage area could help to prevent localisation outliers.
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3.2 Calibration procedure

The sound localisation algorithms of each AMMS unit were adjusted to detect several kinds
of illegal fireworks as well as small home made explosives. Special attention was paid to the most
popular illegal firework in that area of the Netherlands, namely the “Cobra 6” bomb. A picture of
several tested fireworks is shown in Figure 3 along with some loudness results.

80 90 100 110 120 130 140

Cobra 1

Cobra 6

Cobra 6 SP

Fenix FP3

Diesischlag

Wrecking Bomb

Cipolla

dB

Figure 3: Conventional illegal fireworks (left) and relative loudness test (right).

A calibration process was undertaken before beginning the measurement campaign. A “bird
scare cannon”, shown in Figure 4, was used to create controlled explosions on the roof of a building
of known coordinates. This device produces a strong impulsive noise that is very similar to the loud
bang of illegal fireworks. Placing the sound source at an elevated position reduced the influence of
reflections.

Figure 4: Bird scare cannon used in the calibration process of the system.

Out of 10 fired shots, 7 resulted on successful detections. Further investigation should be per-
formed to improve the positive detection ratio of the system in an urban environment. The difference
between the estimated and true positions was fairly consistent, with an average deviation of 5 me-
tres. Given the measurement uncertainty of GPS and the distances between AMMS units, it can be
concluded that the calibration procedure showed remarkably good results.
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3.3 Results

The AMMS system was activated on the 16th of December, continuously recording and report-
ing detections until the 2nd of January. Figure 5 illustrates several maps of the area at different time
periods, representing detected events with red square markers.

(a) 16th of December – 25th December (b) 20:25 – 20:45 h, 28th of December

(c) 16th of December – 30th of December (d) 16th of December – 2nd of January

Figure 5: Sound localisation maps during the testing period.

A high number of detections were recorded during the first 10 days of the measurement cam-
paign. Assessing the timing of the events, it was found that most of the incidents took place during
the evening, between 19:00 and 21:00 h. The concentration was especially high in the central area
covered by the AMMS system. There were also several detections in areas significantly far from the
system location, which were initially considered as outliers. Such detections could be excluded in
future trials by defining a maximum coverage range, i.e. a region of interest were events should be
reported.

On December 28th, at about 20:30 h, the local police received many calls reporting loud firework
noise. As can be seen in Figure 5 (B), the AMMS system was detecting several incidents at a fixed
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location, which was automatically informed to the police via email. A blue line of 1230 m has been
added to this plot as a visual reference. It was found that the noise was created by a local shop that
performed a firework show. The AMMS system registered 23 detections very close to each other, in
a radius of 4.5 metres, and less than 10 metres away from the real position of the event. This example
demonstrated the successful performance of the AMMS system in a real incident.

A vast amount of activity was registered in the last days of the measurement campaign. Most
of the events added from Figure 5 (C) to Figure 5 (D) were mainly caused by the celebrations of
New Year’s Eve. The last map is also useful to understand the active area covered with the 5 AMMS
units. Many events were detected in the city centre but also at the south-west, in places that were
significantly far away from the sensor locations. In contrast, very few detections were recorded at the
north-east of the city, outside the active area of coverage. This phenomena could be caused by the
configuration and sound localisation techniques used. The implemented detection algorithm requires
information from several AMMS units in order to classify an event as an true detection, so the sensor
proximity may be one of the main reason why the south of the city has a better coverage than the
north. Further research should be performed to gain a better understanding upon this matter.

Time between an event detection and police reaction was considerably short, in the order of
minutes, but insufficient to incriminate people in the surrounding area of a detection. However, if the
acoustic localisation system were coupled with the local cameras distributed across the city, then it
would be possible to obtain an image of the event at the time of the detection. Future research will be
undertaken towards a combined audio-video urban monitoring system.

4. Conclusions

The first extensive test of an AMMS system in an urban environment was successfully per-
formed. The initial calibration showed very promising results, achieving a localisation error smaller
than 5 metres. Automatic email notifications to the local authorities with information about the events
detected were proven to be useful and directly related to reported incidents. The overall source lo-
calisation maps showed multiple events consistently spread across the monitored zone. Notably, the
active localisation area was bigger than expected. This could be defined beforehand to reduce the
number of false detections. It can be concluded that it is possible to use an AMMS system for detect-
ing illegal and dangerous fireworks within an urban environment. In addition, further research should
investigate the integration of the current system with a video surveillance network in order to improve
the reaction time of the local police as well as to have solid prove of the incident responsible.
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