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Acoustic (or sonic) weapons are under research and development 
in a few countries and have been the subject of interest and much 
speculation for several decades.1 Such devices have repeatedly 
captured the interest of the press, most recently when it was 
reported in 2016 that several staff members at the American em-
bassy in Cuba were allegedly ‘subjected to an “acoustic attack” 
using sonic devices’ that caused serious health problems.2 Neurol-
ogists and engineers have challenged this claim.3

Acoustic weapons aim to use the propagation of sound – a variation 
in pressure that travels through a fluid medium (such as air) to affect 
a target. Most of the acoustic weapons that have been speculated 
upon are based on either ultrasound (above 20 kilohertz, kHz), 
low frequencies (below 100 hertz, Hz) or infrasound (below 20 Hz) 
deployed at high levels.4  The human range of hearing is commonly 
given as between 20 Hz and 20 kHz. In reality, the upper hear-
ing-threshold frequency decreases significantly with age, whereas 
sounds with lower frequencies can be heard and otherwise perceived 
if the level is high enough.5 

Although a few acoustic devices exist today that could be used as 
weapons, and sound is implicated in the use of force in the military 
and law enforcement domains in various ways, the potential for wea-
ponization of acoustic devices has likely been overstated.6 Recent 
scientific analyses have debunked myths and disproven earlier claims 
about the effects of acoustic devices on humans and have drawn 
attention to the practical limitations of such technologies.7

Nevertheless, consideration of acoustic weapons brings to the fore 
a number of issues that deserve attention from the perspective of 
multilateral weapons control, including within the framework of the 
Convention on Certain Conventional Weapons (CCW):

x Often branded as ‘non-lethal’ or ‘less lethal’,8  acoustic devices 
are open to the same questions and criticisms levelled against 
other technologies given that label (including that they may 
undermine boundaries distinguishing acceptable modalities of 
force in war-fighting and in law enforcement, and that their use 
in conjunction with kinetic weapons actually increases the risk of 
death).

x Acoustic weapons raise questions of delineation between devices 
specifically designed to harm through acoustic phenomena 
like sound or vibration (acoustic weapons properly speaking), 
other weapons with harmful acoustic effects (such as explosive 
weapons) and the use of organized sound (music) or unorganized 
sound (noise) by militaries and police, including to torture or ter-
rorize. Such delineation in turn has consequences for national and 
international control and raises further questions about the role of 
international regulation.

x Consideration of acoustic weapons raises the question of our 
orientation towards technologies that target the human senses 
(‘sensory violence’). Parallels that could be drawn from the prohi-
bition on blinding laser weapons (formalized in CCW Protocol IV) 
and the opprobrium attached to blinding as a method of warfare 
deserve further exploration in light of the evolving understanding 
of deafness and blindness from a health perspective.

x Consideration should be given to the ethical, health, legal and 
environmental concerns about the acceptability and desirability of 
acoustic violence – sound as a technique of authority and control9 

– especially in frequencies beyond the human audible range,10 
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Acoustic hailing devices (AHD) or ‘sound cannons’

AHD operate in the audible range and issue high-energy acoustic 
beams to communicate with, warn and potentially disorient or disable 
a person. A number of states have developed and are using such 
systems,20 in both military and law enforcement settings, primarily in 
connection with crowd and border control. Such devices can report-
edly produce ‘harmful, pain-inducing tones’ over some distance,21 
and can damage the human ear and even cause permanent hearing 
loss over short distances.

The best-known of these devices is the Long Range Acoustic Device 
(LRAD). It resembles a flat loudspeaker that uses many piezoelec-
tric transducers, set in a staggered arrangement.22 The LRAD was 
developed as a military tool to enforce exclusion zones around naval 
vessels following an attack on the navy warship USS Cole in Yemen in 
2000. It has subsequently been used by the US navy to protect ship-
ping lanes around the Iraqi port of Basra and nearby oil terminals.23 
It has also reportedly been used for ‘hailing and warning’ by cruise 
and transport liners to deter pirates,24 been deployed by police forces 
in several countries25 and is being attached to drones.26

The LRAD has relatively high directivity (with a beam opening angle 
of 5–15 degrees) and transmits mainly high frequencies (above 1 
kHz). The LRAD 1000 projects voice messages to a range above 500 
m, and warning tones to above 1000 m.27 Various, scaled-down and 
scaled-up versions are available.28

There are also reports that similar devices, termed ‘sonic blasters’, 
have been used to produce a series of high-intensity blasts (high 
levels of sound pressure and volume) to affect a target rather than 
to communicate. Among the most reported examples are Israel’s 
sonic pulser, ‘The Scream’,29  and its ‘Thunder Generator’, originally 
developed as ‘an environmentally friendly soil-disinfection machine’ 
to scare away birds from crops, and later used for riot control.30

Flash-bang devices

Flash-bang devices (or ‘noise flash diversionary devices’) contain 
mixtures of fast-burning propellants and pyrotechnics to produce a 
loud ‘bang’ and a bright flash of light. They often take the form of 
grenades (‘stun grenades’, ‘flash-bang grenades’, ‘sound bombs’) 
that are deployed by hand or from shotgun cartridges.31

Flash-bang grenades are in widespread use by military and law en-
forcement actors and are designed to temporarily blind, disorient and 
cause dizziness. As the casing is not intended to produce fragmenta-
tion during detonation, such flash-bang devices are typically labelled 
‘non-lethal’. There are, however, several known cases of serious injury 
and death resulting from their use.32

A US performance characterization study of selected flash-bang 
devices noted that one of the concerns associated with their use ‘is 
the high level of sound generated by them, with respect to hearing 
impairment or damage’.33 All of the devices tested in the study ex-
ceeded the US Department of Defense’s 140 decibel (dB) threshold 
requirement for use of hearing protection. According to one source, 
the ‘threshold noise’ of a flash-bang device ‘can reach 180 dB in 

and the expansion of weaponized sound into civilian spheres. As 
with directed energy weapons, some acoustic weapons may raise 
questions about systems where the source of harm is not identifi-
able or comprehensible to those experiencing it. 

x Given the well-documented health impacts of weapon noise 
on humans, consideration of acoustic devices also raises the 
question of whether political measures should be taken at the 
international level to better protect both civilians and soldiers from 
weapons that cause noise-induced hearing loss.

x Finally, there is concern that a lack of reliable, scientifically sound 
and peer-reviewed data on the specifications and effects of acous-
tic devices11 has in the past driven research and development 
(including animal testing) into acoustic weapons in expectation 
of unrealistic potential. This has contributed to speculations and 
public anxiety about acoustic, especially infrasound, weapons.

Current state of play

The fascination that acoustic weapons prompt among certain 
militaries, police forces, journalists, scientists and publics has to be 
understood against the backdrop of a complex and long-standing 
relationship between sound, war and violence.12 What accounts of 
such diverse phenomena as the Nazi-German ‘Windkanone’, Soviet 
‘psychocorrection methods’, the US ‘Urban Funk Campaign’, the Brit-
ish ‘Curdler’ and the use of sound to torture,13  harass, intimidate or 
terrorize14 have in common is a long-standing belief (justified or not) 
in the destructive power of sound and vibration. This belief and the 
search for bloodless, so-called ‘non-lethal’ technologies of violence, 
which intensified from the early 1990s, have driven some states, 
mainly the US, to push research and development into acoustic 
weapons, especially in the infra- and ultrasonic frequency ranges.

Decades of research and development and considerable hype not-
withstanding, the potential for weaponization of acoustic devices has 
likely been overstated.15 Inherent difficulties in projecting sound en-
ergy to tactical ranges, as well as limited human effects in practice,16 
have hampered the attempts of states and scientists to produce an 
acoustic-based weapon that can be fully operationalized. Low fre-
quency and infrasound can travel over considerably larger distances 
than higher-frequency sound and are hardly attenuated through 
dissipation.17 However, at low frequency, sound cannot be projected 
in a directed beam; at higher frequency, it can. But if high-frequency 
sound waves are to have an impact on humans, the sound pressure 
would need to reach such a level that the sound waves become de-
formed.18 In order to produce such effects, the sound source with its 
auxiliary equipment would be of a weight and dimension that could 
not easily be carried by a single person, limiting practical military and 
law enforcement applications.19

Certain types of acoustic devices currently reported to be in use by 
law enforcement or military actors have drawn particular attention – 
and criticism – and raise questions that are of interest from the per-
spective of multilateral weapons control more broadly. These include 
acoustic hailing devices, flash-bang devices, and high-frequency 
devices, all briefly described below.
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is not only a humanitarian concern, but it also challenges democratic 
control over the use of force and enables misconceptions and specu-
lations to endure about the effects of acoustic devices, justifying the 
allocation of funds for further research and development, with poten-
tially negative consequences for international and human security.

Governance and regulation

‘Acoustic weapons’ or ‘acoustic devices’ are not authoritatively 
defined or regulated in international law, nor are they the subject 
of dedicated multilateral policy discussions.46 The potential to use 
acoustic devices to communicate or warn, as well as to compel, 
intimidate or injure, for domestic law enforcement and military 
purposes (as well as by private citizens), has sparked debate in legal 
quarters about how such devices, in particular the LRAD, should be 
properly categorized. Some argue that they are hailing devices that 
should neither be subject to national weapons reviews, including 
those warranted by Article 36 of 1977 Additional Protocol I,47 nor to 
export controls applicable to weapons.48 Others have taken the op-
posite view.49 A NATO study, for instance, describes ‘acoustic devices’ 
as ‘[w]eapons utilizing acoustic energy to induce human effects 
through the sense of hearing or through the direct impact of pressure 
waves on other parts of the human body’.50

 
The question of categorization aside, a number of existing regulatory 
frameworks constrain the use of sound in connection with the use 
of force, notably international humanitarian law (IHL) and interna-
tional human rights law (IHRL), as well as national health and safety 
standards. In relation to the conduct of hostilities, the question is 
often asked whether the use of acoustic devices would comply with 
the IHL prohibition on the use of weapons and methods of warfare of 
a nature to cause superfluous injury or unnecessary suffering.51 The 
US, for example, has determined that the LRAD does not violate that 
legal threshold, ‘because the discomfort is well short of permanent 
damage to the ear’.52 An earlier preliminary assessment by the US 
Navy had concluded that even ‘aural systems that could cause per-
manent hearing loss’ would not be illegal.53 At the international level, 
the debate is complicated by divergent interpretations of the rule on 
superfluous injury and continued disagreement about the (il-)legality 
of blinding (and thus, by analogy, deafening) as a method of warfare.

In this connection, it is sometimes proposed that a prohibition on 
acoustic weapons could be derived, by analogy, from the prohibition 
on blinding laser weapons,54 another ‘non-lethal’ technology that 
targets the human senses. This argument has been rejected on 
the grounds that ‘the eye provides 90% of sensory input, the ear 
accordingly provides much less. Moreover, permanent hearing loss is 
not necessarily complete loss and prolonged hearing loss means that 
such loss is only temporary’.55 Such a statement betrays a common 
bias that ranks vision over other senses (ocularcentrism)56 and fails 
to take account of evolving understandings of deafness (and blind-
ness) from medical and public health perspectives. It also speaks to 
a lack of in-depth and critical consideration of sound and the ‘acous-
tic authority’ of the state (the ‘politics of frequency and amplitude’)57 
in contemporary legal thought.58

Legal commentators have further pointed to the great potential for 
indiscriminate effects from the use of acoustic devices, which may 
violate the IHL rule on distinction and the prohibition of indiscrimi-
nate attacks.59 Testing has shown that the LRAD, for example, does 

closed spaces, where the effects of the acoustic signature can be 
compounded’.34 This is comparable to the peak levels of heavy artil-
lery (measured at the shooter’s position close to the gun).35

High-frequency devices

The particularity of high-frequency devices is that they emit a sound 
at a frequency on the border of being ultrasonic, which is intended to 
be heard only by younger people, whose ears tend to be more sensi-
tive to sound at high frequency compared to most older people.

The best-known model is the ‘Mosquito Teenager Deterrent/Anti-Loi-
tering Device’. This was initially developed to disperse vermin and 
is now primarily marketed to private persons and businesses ‘for 
dispersing groups of misbehaving teenagers’.36 According to the man-
ufacturer, the Mosquito MK4 can be set to emit a sound at 17 kHz 
that only people under 25 can hear or at 8 kHz, audible to people of 
any age, with four volume/distance settings and a maximum volume 
of 103 dB.37 

Adverse effects and risks

Acoustic devices can produce a range of harmful effects, most 
notably temporary and permanent hearing loss, as well as pain, dis-
orientation, sensations of discomfort and nausea.38 Importantly, the 
physiological and psychological effects of sound on humans depend 
not only on frequency, but also on sound pressure levels, duration 
and number of exposures and recovery time between exposures.39 
And, effects vary significantly from one individual to another.

At 120 dB, where discomfort typically begins, there is a high risk of 
hearing loss even for short and few exposures. Lasting damage to the 
ear can occur at levels below the threshold for ear pain, which sets 
in at between 135 and 162 dB depending on frequency.40 At extreme 
levels, physical damage to organs of the ear can occur even with 
short exposure.41 At about 160 dB, sound in the audio region causes 
eardrum rupture. Infrasound at high levels can produce aural pain 
and damage, a sensation of pressure in the middle ear and annoy-
ance, but it does not have the profound effects often associated with 
it.42 Ultrasound at extreme levels (close to 160 dB) was reported to 
produce a slight heating effect that could be felt on the skin.43

As with other technologies labelled ‘non-lethal’, the use of acoustic 
devices has attracted strong criticisms from humanitarian, health 
and human rights perspectives. In a war-fighting context, concern has 
been raised that when an acoustic device is ‘used in a pre-lethal way 
to incapacitate before killing’ it actually increases the ‘killing power 
of lethal force’ rather than reducing casualties.44 Critics also object 
to the extension of weaponized sound to (domestic) law enforcement 
and the associated blurring of the boundaries of acceptable ways of 
applying force. In a number of concrete situations, users were consid-
ered to have taken insufficient care to protect the lives and health of 
people within the range of acoustic devices, and to account for the 
specifics of a situation and individual differences in susceptibility to 
injury and trauma.45

More generally, critics complain of a lack of proper documentation 
regarding effects at various frequencies and levels in actual-use 
situations, as well as a lack of analyses by independent bodies. This 
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as well as a ban on particular types (such as certain mobile LRAD) 
and a requirement to document any use of a device automatically.77 
Taking a precautionary orientation, Amnesty International and Omega 
Research Foundation recommend that the use of acoustic devices 
in the alert function be suspended ‘until an independent body of 
medical, scientific, legal and other experts has subjected the effects 
and potential uses of the type of device in question to rigorous 
assessment and can then demonstrate a legitimate and safe use of 
the device for law enforcement subject to specific operational rules 
consistent with human rights standards.’78

Measures on acoustic weapons at the national and international 
levels can build on a rich literature on non-lethal weapons in the 
use of force, including detailed recommendations on selection, 
testing, deployment, operational procedures, training, monitoring 
and accountability, for multilateral controls as well as specific legal 
instruments.79

not only affect those targeted by the device but also bystanders in 
the directional periphery.60 Especially at longer ranges, questions 
arise regarding the controllability of the propagation of sound, as ‘the 
transmission direction will be deflected in case of strong winds’61 or 
reflected off surfaces in built-up environments.62

The ‘indiscriminateness’ of acoustic devices is also a major human 
rights concern. Pertinent international standards on the use of force 
in law enforcement operations require that ‘the development and 
deployment of non-lethal incapacitating weapons should be carefully 
evaluated in order to minimize the risk of endangering uninvolved 
persons, and the use of such weapons should be carefully con-
trolled.’63  In several cases, legal challenges have been brought over 
injuries caused by the use of flash-bang devices in law enforcement 
situations64 –  use that raises questions concerning the rights to life 
or health, and freedom of peaceful assembly and movement where 
the devices were used for crowd control.65

Moreover, acoustic devices that target the hearing of a group of peo-
ple on the basis of their age, as does the Mosquito, raise issues re-
garding the right to equality and non-discrimination and from a child 
rights perspective.66 The device has been declared illegal in some 
jurisdictions.67 Devices that are inaudible (to adults) also raise a rule 
of law concern as affected populations may face formidable challeng-
es in accessing an effective remedy.68 Finally, it bears restating that 
both IHL and IHRL prohibit the use of sound and acoustic devices to 
terrorize, torture or inflict inhuman or degrading treatment.69

In terms of governance and regulation, acoustic devices raise the 
question of what constitutes an acceptable health risk and what the 
standard of reference should be given their diverse applications in 
military, law enforcement and private settings. In the military, where 
noise exposure is a well-known problem, a number of impulse-noise 
exposure criteria have been developed.70 ‘Safe exposure’ to impulse 
noise is sometimes given as a peak level of 162 dB,71 but a 2003 
NATO research study was unable to propose a single measure or as-
sessment method to predict the auditory hazard for different impulse 
noises and blasts.72

In relation to continuous sound, the World Health Organization con-
siders that exposure levels above 85 dB in an occupational setting 
are ‘hazardous for workers’,73  and deems exposure to recreational 
sound in excess of 85 dB for eight hours or 100 dB for 15 minutes 
‘unsafe’.74 Although these standards aim to protect workers from 
damage over years of exposure, in a Canadian case implicating an 
LRAD, the judge considered that occupational health and safety legis-
lation served as a useful guide to determine restrictions on the use 
of LRAD to prevent unsafe exposure which would amount to human 
rights violations.75 In 2011, Canadian authorities defined minimum 
distances at various levels for ‘urban scenarios’, and recommended 
that the use of the alert function (i.e. use to emit a high-decibel, nar-
row-frequency sound wave rather than use as a powerful loudspeak-
er) ‘should be minimized’, that the devices ‘should not be operated 
continuously’ and that any use should be followed by an equivalent 
period of silence.76

In the same vein, Jürgen Altmann has proposed rules for safe 
operation to prevent injury. He suggests technical measures to limit 
the sound power of LRAD as a function of distance between the 
device and the exposed population, and to limit the duration of use, 
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