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Previous projects in acoustic ecology include educational initiatives, urban planning, noise 

regulation, and acoustic design. For example, an acoustic ecologist may work to assist landscape 
architects and other urban designers to consider the sonic environment when designing urban 
environments. I will add to this research by investigating where infrasonic (sound frequencies below 
20Hz) and ultrasonic (sound frequencies above 20kHz) environmental pollution currently exists, and in 
relation to what types of human activity. I am particularly interested in how these sources of sonic 
pollution may have an effect on human health and wellbeing. Areas in proximity to aircraft, traffic, 
agricultural, wind turbine, and other industrial noise, have all previously been reported to produce 
infrasound. Humans can be exposed to ultrasound frequencies in a wide variety of public spaces, 
including railway stations, museums, libraries, schools and sports stadia.  

This project determined where anthropogenic sources of infrasonic and ultrasonic sounds were 
present in specific areas of Greater Victoria, BC, Canada, through data collection and analysis via field 
recordings over a 4 month period. Using the Earthworks M50 omnidirectional acoustic measurement 
device, which has an ultra wide frequency response of 3Hz to 50kHz - wide enough to capture 
frequencies in the infrasonic and ultrasonic spectrums, I analyzed locations in Victoria that have 
previously been reported to contain these frequencies, such as near highways, aircrafts, industrial 
activity, and anti-loitering devices. The results from this project were disseminated in a creative work 
that was designed using Max/MSP/Jitter and Open GL, with the intent of communicating in a 
meaningful way the significance of these frequencies in our everyday lives, by allowing people to 
experience and hear the kind of inaudible noise that is created from human sources all around them. 
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Section 1: Background 

 As a novice embarking into the field of acoustic ecology, I aimed to study, document, and 

design sonic spaces with the goal of harmonizing the relationship between humans and their acoustic 

environment. In this case, the acoustic environment that I focused on was that which is inaudible to 

humans, but still of relevance nonetheless. I was first introduced to the field of acoustic ecology by my 

graduate advisor during the first semester of my graduate studies at the University of Victoria. I 

described to him how I was fascinated by how sound affected humans and animals, and about how 

sound is perceived by creatures of all walks of life, and he gave it a name for me: acoustic ecology. 

From that point onwards, I began researching about all things acoustic ecology, sound studies, 

bioacoustics, or sound ecology, which lead me down a path to discover the works of R. Murray Schafer, 

Barry Truax, Almo Farina, and many others.  

 Of all the researchers I came across, Bernie Krause, an American musician and acoustic 

ecologist, inspired me the most. Bernie looks at soundscapes to measure the health of habitats around 

the world. His work highlights how human noise, global warming, habitat destruction, and resource 

extraction have altered habitats so radically that they can no longer be heard in their original form. 

Bernie shifts our perspective from one that is visual to one that is aural. As someone who shares the 

same priorities, Bernie’s life story and passion for the natural world excited me. I also held a similarity 

with him in my own life of holding a career as a musician. Bernie started out as a recording engineer 

and producer, performed as a musician with The Weavers, and eventually moved to the San Francisco 

Bay Area to study electronic music. I too identify as a musician and producer and moved to California 

to study music, spending much of my time in the Bay Area as well. I could see parallels in my life with 
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the life of Bernie, and thus felt a connection to his story and work. Finally, Bernie’s work inspired me 

to want to better understand how human noise could be affecting the health of a habitat, specifically the 

habitat of humans. How does the noise that we as humans produce affect our own health and 

wellbeing? 

 Parallel to my growing interest in acoustic ecology, an interest in music cognition and 

perception began developing in an advanced audio recording class I attended. In this class, we spent 

time learning about different systems and formats of audio, and one of those formats was high 

resolution audio (beyond standard quality of 44.1 or 48kHz, 16 bit). Upon reading A Meta-Analysis of 

High-resolution Audio Perceptual Evaluation by Joshua D. Reiss, I became curious as to why there was 

a small but significant ability for subjects to discriminate between standard quality and high-resolution 

audio when listening. Specifically, when subjects were trained, their ability to discriminate increased 

(Reiss, 2016). In other words, people listening to high resolution audio often report it as sounding 

“softer, more reverberant," having a “better balance of instruments,” being “more comfortable to ears,” 

or having “richer nuances” (Oohashi, et al., 1991). How can high resolution audio sound better if the 

frequency components present in these formats are beyond our hearing range? Research into why this 

happens led me to a 2017 paper by Kuribayashi, Ryuma, and Hiroshi Nittono, which stated that high-

resolution audio has an affect on a listeners psychophysiological state without their conscious 

awareness. Further research led me to a phenomenon called the “Hypersonic Effect.” From here, I 

reviewed a number of different experiments that explored the hypersonic effect in more detail. These 

experiments revealed that high Alpha-band EEG frequency power (8-13Hz) was greater in participants 

for full-range audio excerpts, when compared to standard quality audio excerpts (Oohashi, et al., 1991, 

2000, 2006, 2014; and Kuribayashi, et al., 2014, 2017). The idea that the biological sensitivity of 
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humans may not be parallel with our “conscious” audibility of air vibrations became very fascinating to 

me, and I wondered how other inaudible sounds might affect our physiology unconsciously.  

 Through my exploration, I found that in 1985, Danielsson and Landström suggested that 

infrasonic exposure might have adverse effects on human health. In their study, they found that 

different frequencies and pressure levels of infrasound had an effect on human blood pressure and heart 

rate, and that there could be an increased prevalence of hypertension in people who live in areas 

chronically exposed to environmental infrasonic noise (i.e. traffic, industrial or aircraft noise). 

Additional studies (Smagowska, 2013), argued that ultrasonic noise may have a harmful effect on the 

auditory system, causing loss of hearing, and may have a negative impact on the ear vestibule, resulting 

in perturbation of balance and nausea.  Further studies by Bilski; Leighton; Nissenbaum, et al; 

Nowacki, et al; Salt, et al; and Timmerman, provide wide support for the assessment that infrasonic and 

ultrasonic frequencies can have unconscious affects on our physiology.  

 These studies contribute advanced neurological research that strongly reinforces the hypothesis 

that certain sound frequencies, specifically those in the infrasound and ultrasound ranges, can have 

significant effects on human health and wellbeing. Infrasound and ultrasound frequencies are of 

particular concern because these are beyond the human hearing range, which suggests there may be an 

assumption amongst the general public that they do not have an effect on us. However, recent 

developments in neuroscience indicate that stimuli can significantly affect the brain without a person’s 

awareness (Persinger, 2014).  

 Throughout my investigative work, a connection between acoustic ecology and human auditory 

perception emerged, as human generated infrasound and ultrasound crystallized as a means of bridging 

these two interests. Acoustic ecologists are concerned with humans and their audible acoustic 
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environments, and scientists are concerned with the affects of audible noise, but what lies beneath the 

surface - those inaudible sounds that are still just as pervasive - concerns both fields. These interests 

combined are what fuelled the formation of this project. 

 My project used methods and instrumentation to measure and assess human noise sources in 

public spaces, informed from my research in human auditory perception, specifically of noise hazards 

from infrasound and airborne ultrasound. The goal from this process was to then synthesize this 

experience into a tangible creative work that could communicate eloquently where infrasound and 

ultrasound are present in the environment. Although my project is preliminary, it lays the groundwork 

and poses the questions necessary to begin to establish and detect where these frequencies exist in our 

everyday lives, so that in future there is potential to improve urban planning and design, all with the 

goal of more easily avoiding potentially adverse health effects, or conversely, bolstering positive 

effects. Precedents for these connections and my research exist. The Ears II Project, being spearheaded 

by a number of scientists in the European Union, seeks to improve “our understanding of human 

response to infrasound and ultrasound, including novel assessment methods for potential health risks” 

through determining “experimentally the impact of infrasound and ultrasound on hearing, mental 

health, cognitive abilities and general wellbeing, and their contribution to annoyance and loudness, 

including the study of individuals with particular sensitivity to noise” (https://www.ears-project.eu/

ears2-project.html).  

Subsection 1.1: Infrasound 

Nowacki, et al.’s 2008 study defines infrasonic noise as those frequency components of 

infrasound (1 to 20 Hz), plus low audible noise components up to 50 Hz. The audibility of infrasound 

depends on its acoustic pressure level. Thus, exposure to infrasound of a level below 120 dB does not 
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cause unpleasant sensations and is harmless, whereas exposure to infrasound at 120 to 140 dB can 

cause slight disruptions of physiological functions and feelings of excessive tiredness. However, 

infrasound of 140 to 160 dB for a short, two-minute exposure can cause unpleasant physiological 

sensations such as balance disruptions or vomiting. Hearing protection, such as ear muffs or ear plugs, 

offers little safety against infrasound, as infrasound waves act on the entire human organism, and not 

just the ears. A number of adverse health effects aside from just the hypertension mentioned earlier can 

result from exposure to infrasound. Indeed, infrasound has a special capacity to affect human health 

because of the fact that its frequencies and amplitudes converge with those of the human body 

(Persinger, 2014).  

The human body’s intrinsic vibrations and sound emissions fall between 10 to 30 Hz, and 

muscle sounds and whole-body vibrations fall within 5 to 40 Hz, both of which are in the infrasonic 

spectrum (Persinger, 2014 and Stephens, 1969). Therefore, infrasound can induce resonance vibrations 

of the chest, abdominal cavities/membranes, digestive organs, and the whole body, which can result in 

respiratory problems, digestive system disorders, or even serious and sometimes permanent damage 

from prolonged exposure (Persinger, 2014 and Nowacki, et al., 2008). Research conducted on animals 

has established that exposure to infrasound above 170 dB can be lethal, usually through blood-shot 

lungs (Nowacki, et al., 2008). Furthermore, symptoms of nausea, malaise, fatigue, aversion to the area, 

non-specific pain, and sleep disturbances are often reported in the presence of infrasound, with or 

without the subjects conscious awareness (Persinger, 2014). 

However, low frequencies below 40Hz can still have an effect on our ears, by causing balance 

disruptions through our semicircular canals and otolith systems, which are primarily associated with 

balance (Persinger, 2014; and Evans, Margaret J., and W. Tempest, 1972). Located in our ears, the 
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otolith system and our three pairs of semicircular canals are most sensitive at 7 Hz, and our hair cells of 

the vestibular organ are sensitive to frequencies below 30 Hz. A perception of infrasound in these areas 

may not be identified as “sound” but rather as “pressure,” vestibular effects, “oddness,” swaying, or 

general discomfort (Persinger, 2014). At 10 Hz, the sound pressure level required to evoke responses in 

the inner hair cells of the human ear to experience “sound” is 100dB, whereas the outer hair cells would 

be able to respond at 60 dB (about the level of a conversation) but it would be perceived as 

“unconscious” (Persinger, 2014; Salt, et al., 2010). 

According to the 2008 study by Nowacki, et al., infrasound can contribute to feelings of 

tiredness, discomfort and drowsiness, and can decrease psychomotoric perception and eye sight clarity 

as well. This means that infrasound can restrict our field of vision, just like after excessive alcohol 

consumption. Indeed, this study states that scientists have established that infrasound can be effective in 

disorganizing and lowering the speed of nervous activities, similarly to the effects of alcohol. The 

typical symptoms that result from this “alcohol” effect include feelings of fear, anxiety, headaches, 

nausea (such as sea sickness), eye ball bounces with blurred vision, balance disruptions, tiredness and a 

lowered state of alertness and reaction time. 

 Infrasound waves can also affect bioelectrical signals, which are measured using an 

electroencephalogram. Specific areas of the human brain, such as the contralateral temporal cortices, 

which include the primary and interpretational (secondary) regions, can be affected by infrasound 

(Persinger, 2014; Dommes, et al., 2009). Thus, depending on the frequency range, infrasound can 

contribute to a range of feelings including depression, wonder, or even fury, and has thus been 

classified as a “background stressor,” which can be defined as a persistent event that may become a 

routine element in a person’s life (Nowacki, et al., 2008). In this way, according to Nowacki, et al. in 
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2008, chronic psychophysiological damage may result from long-term exposure to infrasound noise. 

For example, Persinger’s 2014 study stated that frequencies between 1 to 4 Hz are known as delta brain 

waves and are associated with slow wave sleep (deep sleep). Disruptions to this sleep especially during 

approximately the first five hours of our sleep cycle can affect the synchronized release of hormones 

and proteins that facilitate tissue repair and normal homeostasis.  

Infrasound can propagate for millions of metres and can come from natural, artificial, and even 

unknown sources (Persinger, 2014). Natural sources of infrasound include volcanoes, thunder, strong 

winds, earthquakes (seismic waves) or microseisms, big waterfalls, microbaroms, and geomagnetic 

activity (Persinger, 2014 & Nowacki, et al., 2008). In this project, I am primarily concerned with 

artificial sources of infrasound. Artificial sources can come from cars, buses, tramways, locomotives, 

helicopters and other large man-made objects such as ships, road machines (road rollers), compressors, 

blowers, and ventilators (Nowacki, et al., 2008). According to Nowacki, et al., 40 to 60% of people 

employed in transportation are exposed to infrasound noise and high infrasound levels, particularly 

those working in busses. Indeed, it has been reported from drivers exposed to simulated industrial 

infrasound of 5 and 10 Hz, and levels of 100 and 135 dB for 15 minutes, that they felt fatigued, 

apathetic, depressed, pressure in their ears, loss of concentration, drowsy, and a vibration of their 

internal organs. It has been stated in both Persinger’s 2014 and Stephen’s 1969 studies that high 

intensity infrasound can be produced by diesel engines or conventionally designed heating and 

ventilating systems in modern buildings. These studies also suggested that after retrofit or renovations 

projects, many rooms inside buildings can produce infrasound pressure variations that exceeded 90 dB 

during whole-building bulk air flow. Aircraft engines are also a powerful source of artificial infrasound 

and low-frequency noise that exceeds 120 dB across a wide spectrum (Persinger, 2014).  
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Modern wind turbines also have the capacity to generate significant intensities of infrasound 

with complex waveforms and harmonics (Persinger, 2014). There have been a number of recent studies 

highlighting the ill effects from infrasound produced by wind turbines (Persinger, 2014; Timmerman, 

2013; Nissenbaum, et al., 2012; Salt, et al., 2011). The noise from wind turbines has been described as 

impulsive in nature and reportedly has a 'swooshing' or ‘thumping’ sound (Nissenbaum, et al., 2012). It 

has been suggested that noise from industrial wind turbines can be more annoying than road, rail, and 

aircraft noise at the same sound pressure level because of its impulsive character (Nissenbaum, et al., 

2012). A range of adverse health effects including vertigo, nausea, disequilibrium, anxiety, and panic 

attacks have been reported by individuals living near wind turbine facilities. These findings have 

suggested that our vestibular system, which helps with the control of balance and eye movements, may 

be stimulated by the pressure pulsations from wind turbines, rather than by motion, especially at low 

ambient sound levels. The vestibular organ functions to register and respond to sounds that we do not 

consciously hear, but feel. In other words, what you cannot hear could still have potentially adverse (or 

beneficial) health effects.  

In Timmerman’s 2013 study, interviews were conducted with First Nations residents near 

industrial areas to determine their complaints lodged of a loss of well-being and other hardships. Some 

suggest that the fundamental wind turbine tone in this study – 22.9 Hz – lies in the brains “high beta” 

wave range, which is associated with an alert state, anxiety, and a fight-or-flight response. This beta 

range could be involved in maintaining an alert state during sleeping hours, preventing a person from 

getting proper sleep. Accordingly, sleep was disturbed during this study since subjects lived in close 

proximity to the wind turbine operation. As is widely known, sleep disruption can adversely affect 

mood, cognitive functioning, and an overall sense of health and wellbeing. Timmerman states: 
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“The study emphasizes the need for epidemiological and laboratory research conducted by 

medical health professionals and acousticians working together who are concerned with public 

health and well-being.” - Timmerman, 2013 

This statement highlights the need for the important work that acoustic ecologists do in helping 

to develop a deep engagement with sound’s complex narratives, so that the subject of sound might sit 

more squarely on the agendas of urbanists and other landscape designers (Maria Patsarika, et al, 2017). 

In addition, it exemplifies the need for a connection between the two disciplines of acoustic ecology 

and human auditory perception that my project seeks to illuminate, so that these two fields may work in 

synergy to advance human health through our relations to the acoustic environment. In Timmerman’s 

study, the researchers themselves experienced the adverse health effects from the wind turbines. 

However, Timmerman states that currently there is insufficient evidence that noise from wind turbines 

is directly causing health problems, and the claims that infrasound from wind turbines affects the 

vestibular system have not been demonstrated scientifically. This fact further demonstrates the need for 

a combined effort between and across professions. T.G. Leighton, Professor of Ultrasonics and 

Underwater Acoustics at the University of Southampton, stated in his 2016 article entitled, “Are Some 

People Suffering as a Result of Increasing Mass Exposure of the Public to Ultrasound in Air?”:  

“Lack of evidence and reliable physical measurements is not currently a stimulus for evidence 

gathering, but rather is providing a situation of uncertainty and confusion that enables 

manufacturers and those responsible for public places to deploy devices that insonify the 

public. The current lack of evidence makes it unlikely that clinicians will consider VHF/US 
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exposure to be a possible cause when confronted with patients experiencing these symptoms.” - 

Leighton, 2016 

These anecdotes from the scientific literature provide indications and indeed motivations to me 

as to the need to somehow communicate the importance of our relationship to sound, especially 

unheard sound, to others in a substantial way. At the very least this effort should motivate people to 

take the current lack of evidence as a cue to acquire more evidence, instead of using it to justify 

continuous insonification. Taking surveys of the health conditions of people who live near areas where 

infrasound is present, as well as proper sound measurements, have been advised in the literature in 

order to reduce “the scepticism to reports of symptoms by the public […] supported by the scarcity of 

attempts to measure such fields, and [a] lack of a proposed mechanism by which such effects are 

produced” (Leighton, 2016). In addition, Timmerman advised that subjects’ blood pressure should be 

taken following a standardized protocol; as well as terrain data collected, specifically related to ground 

cover, topography or data related to indoor monitoring, such as building type, construction, and room 

size, etc. (Timmerman, 2013).  

 Timmerman 2013 study goes on to highlight that, “so far, most governments have been in denial 

mode about the adverse health effects of living too close to wind turbines. It is hoped that the data from 

the various studies will confirm the existence of a problem.” This points raises the topic of the political 

landscape surrounding the issues of wind turbine noise.  Renewable UK (2011), the website of the 

British Wind Energy Association, quotes a Dr. Leventhall as stating, “I can state quite categorically 

that there is no significant infrasound from current designs of wind turbines” (Salt, et al., 2011). Dr. 

Leventhall then went on to say that “if you cannot hear a sound you cannot perceive it in other ways 

and it does not affect you,” and that “infrasound from wind turbines is below the audible threshold and 
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of no consequence.” In their 2011 article titled, Infrasound From Wind Turbines Could Affect Humans, 

the authors, Salt, Alec N., and James A. Kaltenbach, felt that these comments by Dr. Leventhall could 

mislead the general public into an assumption that “what you can’t hear can’t affect you.” They went on 

to suggest that the problem with this idea is that just because our hearing is insensitive to infrasound, 

does not mean that the possibility of infrasound having any influence on our bodies is moot, and that 

the auditory cortex is not the only part of our bodies that can be affected by sound. As mentioned 

earlier, hearing protection offers little safety against infrasound, as infrasound waves act on the entire 

human organism, and not just the ears (Nowacki, et al., 2008). 

 Residents in Nissenbaum, et al’s 2012 study who lived near wind turbine projects were initially 

often excited by the prospect of financial gains earned from reduced electricity costs and / or increased 

tax revenues from living near wind turbines, and so tended to underestimate the health effects 

associated with them. Reduction of property value was also cited in this study as a reason for 

downplaying the adverse health effects from wind turbines. Therefore, many residents welcomed the 

installation of the turbines for the proposed financial benefits. It was not until the noise and health 

effects became apparent that the residents attitudes began to change. As a result, a great majority of 

those living within 1.4 km expressed their desire to move away shortly after the start of turbine 

operations. In this same study, participants either lived within 1400 metres or beyond 3300 metres of a 

wind turbine project. Participants in the nearer group reported being diagnosed with either depression 

or anxiety since the start of turbine operations, compared to none in the far group. Furthermore, nine 

out of the 38 participants in the near group reported that they had been prescribed new psychotropic 

medications since the start of turbine operations, compared with only three out of 41 in the far group. In 

conclusion of their study, Nissenbaum, et al., state: 
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“Our research suggests that adverse effects are observed at distances even beyond 1 km. 

Further research is needed to determine at what distances risks become negligible, as well as 

to better estimate the portion of the population suffering from adverse effects at a given 

distance.” - Nissenbaum, et al., 2012 

In Salt, et al’s 2011 study, wind turbine sounds measured in front of a home 750 metres away 

from the turbine revealed a sound spectrum dominated by frequencies below 10 Hz, with 90 dB SPL 

near 1 Hz. Their study highlights the need for updated guidelines for measuring the sound spectrum 

near wind turbine facilities, as few publications currently report on the full spectrum sound 

measurements of wind turbines. Salt, et al., emphasized that it is important to note that high infrasound 

components would not correspond with the high audible components that are normally recorded in 

homes within 1500 feet of a wind turbine. In other words, it would not be possible to judge infrasound 

components present if the recorded sound was based on the audible spectrum. Yet, this is the current 

way of measuring noise from wind turbines. This study highlights that measurements of sound levels 

generated by wind turbines are presented by the wind industry exclusively as A-weighted (express as 

dBA). When measured in this way, it appears that sound levels are within a range of 30 to 50 dBA, 

which is about the same level as a flowing water stream about 50 to 100 metres away, leaves rustling in 

a breeze, an unoccupied air conditioned office, or a typical living room with a gas fire place running. 

This may lead to a conclusion that wind turbines are actually quite quiet and unlikely to disturb anyone. 

But A-weighting the wind turbine sound measurements excludes the low-frequency components that 

could contribute to annoyance. A-weighting corrects sound measurements according to human hearing 

sensitivity (based on the 40 phon sensitivity curve), and has low-frequency sound components 

deemphasized based on the rationale that these components are beyond the human hearing range. As 
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such, the A-weighted spectrum cuts off all components below approximately 14 Hz, yet it has been 

shown that sound frequencies down to 3 or 4 Hz have been produced by wind turbines. Salt, et al., felt 

that A-weighted measurements were inappropriate for wind turbine sound measurements, thus giving a 

misleading representation of whether the sound affects the ear, or any other aspect of human 

physiology that might be unrelated to hearing. Thus, alternatives to A-weighting such as the use of the 

full-spectrum (unweighted), C-weighted, or G-weighted measurements may provide a more accurate 

representation. G-weighting was suggested in this study as a better alternative since it naturally 

deemphasizes the normal audible range of humans and is based on the human audibility curve below 20 

Hz, with a steep cutoff above 20 Hz. The C-weighted system also provides more representation of low-

frequency sound components. 

The use of an A-weighted system to measure wind turbine noise provides further motivation for 

my work in communicating the importance of infrasound and ultrasound on the human physiology, 

despite the fact that we cannot hear these frequencies. This response to assessing wind turbine noise re-

emphasizes our inclination to view the world through our narrow sensory lens, when in fact, there is 

bound to be more than “meets the eye.” This further justifies the need for an artistic work that allow us 

to question our own senses, what is real, and how we can stretch our own reality into a more holistic 

perspective in the same way that using other weighting systems would give us a more complete picture 

of sound.  

As mentioned previously, agricultural noise has been known to contain considerable infrasonic 

noise levels. Bilski’s 2013 study revealed that modern agricultural tractors emit infrasonic noise, and 

advised that all tractors should be tested for infrasonic noise levels in their designing stages. Older 

generation agricultural tractors used to significantly exceed the daily or weekly limits of noise 
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exposure, causing noise induced hearing loss. However, in modern agricultural tractors, the driver 

perceived audible noise has been significantly reduced due to advances in technology. But it is not the 

audible noise levels in these tractors that adversely affects the hearing organ in these cases. According 

to Bilski’s study, it is the non-auditory effects that are the only adverse symptoms remaining in these 

modern tractors, as it was indicated that G-weighted sound levels were significant in his measurements. 

The recommendations for infrasound measuring methods contain two international standards: ISO 7196 

and ISO 9612. Norm ISO 7196 determines frequency G-curve to measure infrasound, which is close to 

the infrasound hearing perception threshold (Nowacki, et al., 2008). Bilski’s study notes that exposure 

to infrasound over 90 dB-G can cause excessive fatigue or drowsiness, sluggishness, headaches, 

extension of reaction time, irritation, decrease of psychomotor efficiency, disrupted attention and 

perception, diminished sharpness and field of vision, the resonance of human organs, and noise-induced 

hearing loss. Therefore, it is important to consider the effects of infrasound in the testing of external 

vehicle noise in the development of the European Economic Commission Regulations. When this study 

took place in 2013, only audible vehicle noise was being tested in Europe.  

Despite the prevalence of suggested problems associated with infrasound and human health, 

there has also been an interest in employing whole-body vibration training in older people using 

infrasound to increase neuromuscular adaptation and bone mineral density (Persinger, 2014). 

Furthermore, Dr. Lee Bartel at the University of Toronto had developed a consumer vibroacoustic 

device that uses infrasonic sound at 40 Hz to stimulate cells in the body and brain in order to reduce the 

impact of Fibromyalgia pain, Alzheimer’s Disease, Parkinson’s Disease, depression, and even increase 

blood flow (Bartel, 2017). These are just a couple examples of how sound in the infrasonic range can 

be used to benefit our health and wellbeing. It is important to consider not only the adverse health 
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effects, but also the positive effects, so that certain sounds that are beneficial can also be fostered and 

used in different healing modalities in addition to mitigating those that are harmful. 

Study after study, we see the emphasis placed on audible sounds and a consistent neglecting of 

inaudible sounds. Furthermore, an email correspondence between myself and a ministry representative 

from the Environmental Management Branch of the BC Ministry of Transportation and Infrastructure 

has revealed that the noise monitoring equipment and procedures used by the province of BC in their 

highway noise mitigation efforts are also A-weighted. This means that external vehicle infrasonic noise, 

especially that of highway noise, is not considered in BC as well, and possibly Canada at large. It is 

clear from Bilski’s 2013 study on agricultural noise, and from the Ministry of Transportation and 

Infrastructure’s noise mitigation efforts, that advances in dampening audible noise have been occurring, 

and that an increased awareness of audible sound's affects on our health and wellbeing have helped this 

process. But it is even harder to create an awareness about something that you cannot perceive. It 

becomes ambiguous to make connections between subjective symptoms and something that is not 

really “there.” As my study makes clear, using other weighting systems would be a first step to help 

spread the knowledge that these frequencies are in fact of concern. 

The accounts by Dr. Leventhall, as well as other sources of denial that any sound source below 

or above our hearing range would not affect us are what motivated me to want to do this project. I 

wanted to create an artistic work, not unlike the designing of an acoustic space that an acoustic 

ecologist would create, that could demonstrate to people that these frequencies do exist and interact 

with us. These previous accounts propelled me into a desire to persuade other people to consider 

infrasound and ultrasound frequencies more seriously, and to have more of an open mind when 

considering them. Art gives a more intuitive way of looking at the world. A way that gets us out of our 
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conscious reliance on the external world for answers, and into a more unconscious, sensory experience. 

Indeed, infrasound and ultrasound are often perceived unconsciously, so there is consistency in 

expressing these phenomenon through artistic means. Art allows us to look inward to the feelings of our 

own bodies - are these symptoms of an unconscious sensitivity to something we cannot consciously 

perceive? Art allows us to become more aware of our own surroundings. Suddenly, the sensations and 

events that were once unexplainable can be reflected on more openly and in novel ways. Art allows us 

to question all of these things in unconventional ways. Finally, art can also serve as a way to give the 

general public better access to the take-aways from scientific literature, which may ultimately help 

them in making more informed decisions. For example, perhaps the residents in Nissenbaum, et al’s 

2012 study living near wind turbine projects would not have downplayed the health effects associated 

with wind turbines over their potential financial gains if this information had been conveyed to them in 

a more impactful way. 

 Is there a more vivid and tangible way to express the importance of infrasound from wind 

turbines and other human sources than collecting more scientific data? Is there a more elegant way to 

make this information attainable, and more impactful to communities of all walks of life? How do we 

disseminate this data to the general public once it’s acquired? I believe artistic means are an untapped 

resource for communicating the effects of sound in tangible, substantial ways. Audiovisual art has the 

ability to touch the senses in ways that directly correlate to the affects of infrasound. And since the goal 

of my project is to express unheard sounds - things that would be difficult to express in words, art can 

be useful in speaking to what words struggle to explain. Science attempts to give us a detailed 

specificity that’s almost impossible to put into words. But art can allow a more succinct expression and 

accurate articulation. It is useful to look at the arts as a form of science themselves, that may lead to 

unique perspectives on human perception that ultimately can assist the sciences in a similar quest for 
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knowledge and understanding. The ability for art to communicate on a deep level matters of importance 

is well known, and through my work I hope to harness this power of artistic expression to uncover 

some of the dynamic and emotional aspects of man’s relationship to sound.   

Subsection 1.2: Ultrasound 

 On the opposite end of the sound spectrum, ultrasound is widely used in various medical 

procedures, including the use of ultrasound by physical therapists to increase blood flow, which 

promotes healing of the soft tissues of the body, and through its use in diagnostic imaging techniques 

to source out disease or pathologies, or to provide information about the health of a developing fetus or 

embryo in the womb of a mother. Focused ultrasound can been used to successfully deliver a wide 

variety of pharmaceuticals to the brain by opening the blood-brain barrier (a border that separates 

circulating blood from the brain).  It has also been suggested in a study done by Ryuma 1

Kuribayashi and Hiroshi Nittono that high-resolution audio with inaudible high-frequency components 

(i.e. ultrasound) induces a relaxed attentional state without conscious awareness. Conversely, it has 

been argued by Smagowska in 2013 that ultrasonic noise may have a harmful effect on the auditory 

system, causing loss of hearing, and may have a negative impact on the ear vestibule, resulting in 

perturbation of balance and nausea. 

 The issue of ultrasonic noise exposure first became known in the 1940s when many began to 

believe that “ultrasonic sickness,” whose symptoms include earache, headache, irritability, immense 

fatigue, and feelings of fear, were being caused by the advent of jet engines (Leighton, 2016). By 

 Burgess, A., and Hynynen, K. “Microbubble-Assisted Ultrasound for Drug Delivery in the Brain and 1

Central Nervous System.” In Therapeutic Ultrasound, ed. by Jean-Michel Escoffre and Ayache 
Bouakaz (Switzerland: Springer International Publishing, 2016), 239.
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1948, the first legal case for injury by ultrasound was reported by the Ultrasonics Panel of the United 

States Aeronautical Board. However, it was concluded shortly thereafter that “ultrasonic sickness, as 

described around 1948–1952, appears to be largely of psychosomatic origin and engendered by the 

apprehension and/or fear growing out of speculative publicity about the effects of air-borne 

ultrasound” (Leighton, 2016).  So we can see that making the connection between subjective 

symptoms and the effects from ultrasound was also a stretch at that time.  

 Ultrasound in air became more widespread in the 1960’s and 70’s due to technological 

advances that allowed for the generation of transducers and amplifiers that could produce ultrasound 

for industrial purposes such as cleaning, welding or drilling (Leighton, 2018). By 1966, a review 

conducted by Gorskhkov, et al., claimed to witness the death of 28 out of 80 volunteers who had been 

exposed to an intense sustained jet noise, with the remainder being permanently incapacitated 

(Leighton, 2016). Today, ultrasound exposure has become problematic due to the number of devices 

that are increasing in development at a rate that outpaces the ultrasonic noise guidelines, and are now 

exposing members of the public that encompass all age groups (Leighton, 2018). Due to reduced costs, 

smaller size of amplifiers and transducers, the increased access to digital signal processing and mobile 

phone technology, and the ability for microphones and loudspeakers to now operate up to 22kHz 

(Leighton, 2018), technologies using ultrasonics are increasingly widely used. Examples of industrial 

equipment generating ultrasonic noise components include high speed planers, milling machines, 

grinders, circular saws, and some textile manufacturing machines (Smagowska, 2013).  

 According to Leighton’s 2018 study, the current guidelines for assessing ultrasonic exposures 

are largely based on adult males and are designed for the regulation of occupational exposures. As 

occupational exposures occur in the workplace, the subjects, their health histories, and exposure levels 
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can be more easily known and monitored than those of the general public, thus allowing for protective 

measures to be more easily implemented. But according to Leighton’s study, these occupational 

exposure guidelines are the same that are used for the public. However, because there is now mass 

public exposure to ultrasound in air, T.G. Leighton has strongly suggested that separate guidelines for 

both public and occupational exposures are required. We still know very little about human responses 

(both auditory and non-auditory) to ultrasound in air, and it has been suggested by Smagowska and 

Pawlaczyk-Łuszczyńska in their 2013 study that there has been inadequate research to test whether 

adverse effects reported by the public are caused by ultrasound or not. As of their 2013 study, the 

industry had been re-issuing older guidelines based on inadequate research and occupational 

exposures.  This issuing of new guidelines based on a review of the older ones, with perhaps only 

slight adaptations, establishes that the new guidelines will only be reinforcing the old, and vice versa. 

What is needed then, according to Smagowska and Pawlaczyk-Łuszczyńska, is a genuinely new set of 

guidelines that are based off of fundamental research that tests adequate amounts of subjects in 

representative cohorts, such as women and children, and exposure in residential and other public areas. 

With the knowledge that the younger population has a greater high frequency acuity, and that there is 

great variation between individuals in hearing perceptivity, a single cut-off frequency for all may also 

be insufficient for a new set of guidelines. 

New guidelines would also allow those who believe that they are suffering symptoms as a 

result of ultrasound exposure to have the true source of their symptoms identified, whether from 

ultrasound or otherwise. According to Smagowska and Pawlaczyk-Łuszczyńska’s 2013 study, because 

subjects cannot hear ultrasound, susceptible individuals may not even realize that their adverse effects 

are being caused by ultrasound, as opposed to some other source (i.e. “sick building syndrome”). This 

is exacerbated by the pervasive assumption that a subject must be able to hear the sound source if it is 
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to cause an adverse effect. According to Smagowska and Pawlaczyk-Łuszczyńska, this assumption has 

been used to justify focusing on the subharmonic levels only in the formation of the current United 

States Regulations for exposures above the 20kHz third-octave band. This could then cause parents, 

teachers, carers, spouses, and employers (among others) to consider the location where they work or 

live in to be benign, when in fact it could potentially be responsible for adverse effects experienced 

(Smagowska and Pawlaczyk-Łuszczyńska, 2013). But it is not just in the US that these misconceptions 

exist. Leighton believes that UK clinicians are also unlikely to consider ultrasound when diagnosing 

symptoms such as nausea, dizziness, migraine, fatigue, tinnitus and ‘pressure in the ears,’ partially 

because ultrasound is not listed in any of the relevant evidence based National Institute for Health and 

Care Excellence (NICE) publications (Leighton, 2016). So the need to increase awareness and 

attention towards ultrasonic sound is clearly necessary. The fact that the guidelines and regulations in 

the US and UK continue to neglect those frequencies which we cannot hear is reason for further 

research. 

There are three categories of ultrasound exposure as defined by T.G. Leighton: 

1. Ultrasonic noise exposure. Occurs when a device, such as a jet engine, generates ultrasound as a by-

product of its operation. These machines have also been described in Smagowska’s 2013 study as 

“non-technology” sources of ultrasound. 

2. Unintended ultrasonic exposure. Occurs when a process (i.e. an ultrasonic cleaning bath) requires 

the generation of an ultrasonic signal as a component to completing its task, and so unintentionally 

exposes a human or animal in this process. Smagowska’s 2013 study underlines how these 

technologies often have the word ultrasonic in their name, and are difficult to identify since the 

ultrasonic components are not audible and can only be detected through measurement. However it 

is suggested in this study that if audible squeaking, whistling or whooping sounds are present, such 
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as with compressors, valves or burners, this can be an indication that ultrasonic components may be 

present. 

3. Deliberate ultrasonic exposure. Occurs when a device (i.e. ultrasonic pest deterrent) is specifically 

designed to expose humans and/or animals to ultrasonic sound in order to elicit a subjective 

response, regardless of whether not the targeted subject is the intended species or demographic.  

 Most obviously, ultrasound may have an effect on our hearing. It has been suggested by 

Smagowska and Pawlaczyk-Łuszczyńska in 2013 that ultrasonic noise can cause noise-induced hearing 

loss, and hearing damage can occur at frequencies over 20 kHz at high sound pressure levels. But 

Smagowska and Pawlaczyk-Łuszczyńska then go on to suggest that ultrasound also effects non-hearing 

body parts through other effects, including thermal effects, subjective symptoms, and functional 

disorders. Thermal effects manifest when high intensity ultrasound (i.e. 159dB) is presented to the 

human body. As such, burns on the skin of the hand between the fingers has been observed from an 

accidental exposure to a 20kHz ultrasonic signal at 160dB, according to Smagowska and Pawlaczyk-

Łuszczyńska. Experiments with mice, guinea pigs and rabbits have revealed that ultrasound can cause 

overheating after a ten second exposure to a 20kHz signal at 160 dB. Fortunately, Smagowska and 

Pawlaczyk-Łuszczyńska’s study stated that the penetration of ultrasonic energy on the human body is 

considerably prevented due to a mismatch of acoustic impedance between our skin tissue and the air. 

Thus, moderate warming on the body may occur from ultrasound at levels of 159dB. Smagowska and 

Pawlaczyk-Łuszczyńska further state that lower frequency ultrasound can also form cavitation in 

liquids at a level of over 190dB, if the ultrasound was propagated in air. However, the lethal sound 
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pressure level for the human body, which has been suggested through computational simulations, is 

around 180dB for approximately 50 minutes, so this would be more likely to occur before cavitation.  

 Subjective symptoms of exposure to ultrasonic noise described in Smagowska and Pawlaczyk-

Łuszczyńska’s 2013 study include dizziness, balance disturbances, headache, discomfort, irritation, ear 

fullness, tinnitus and fatigue, which could affect cognitive functions leading to reduced work 

effectiveness. These symptoms were assumed to be as a result of effects on our vestibular system, but 

further studies are needed to verify this. These symptoms can be brought about by signals with 

frequencies over approximately 17 kHz and at levels of over 70dB. Functional changes in the 

cardiovascular and central nervous systems have been observed from studies of exposure to frequencies 

at 21 kHz at 110 dB for 3 hours a day for 10 to 15 days (Smagowska and Pawlaczyk-Łuszczyńska, 

2013). 

 Several studies have been conducted on workers exposed to ultrasound. Studies on workers 

using ultrasonic devices showed that after a day of work their body temperatures increase by 0.5-2 

degrees Celsius (Smagowska and Pawlaczyk-Łuszczyńska, 2013). These workers also suffered from 

increased neural excitability, irritation, memory problems, and difficulties with concentration and 

learning. Functional changes such as neurasthenia, cardiac neurosis, hypotension, heart rhythm 

disturbances (bradycardia) and adrenergic system disturbances were also observed in the workers. 

Those who work with ultrasonic devices can experience asthenia (once a week) and vertigo (once a 

month) at the end of their work shift or during it, and for a few days after exposure (Smagowska and 

Pawlaczyk-Łuszczyńska, 2013). Another study by Holemberg, Landström and Nordström examining 

workers exposed to noise from an ultrasonic washer, revealed that levels over 75dB(A) caused 

annoyance and discomfort (Smagowska and Pawlaczyk-Łuszczyńska, 2013). 
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 In 2013, Smagowska carried out an assessment of workers in Poland exposed to ultrasonic 

noise within the range of 10kHz to 40kHz central frequencies of third octave bands in the work 

environment, with the motivation that identification of ultrasonic noise sources is an essential 

component in assessing their hazard. Measurements were taken at locations where workers would have 

been stationed in close proximity (about 0.5-1 metres) to the machines or devices that emitted the 

ultrasound. Results from these measurements suggested that hearing loss seemed to be more evident in 

the case of non-technology ultrasound sources, and that more measurements were needed to support 

this. A number of preventative methods to avoid the harmful effects of ultrasound were offered by 

Smagowska, including: changing the structure of the ultrasonic equipment to limit the ultrasonic noise 

emission produced; training the operators of the equipment in its safe and proper use; educating the 

workers on the harmful effects of ultrasound on the human body; using protection, such as covers, 

casings and acoustic screens, to limit noise propagation; carrying out initial and periodical preventative 

medical examinations; limiting exposure through organizational methods (i.e. rotate staff, develop 

“silent” centres, safe location of workstations, etc.); and implementing shorter work times when the 

exposure to noise is particularly high. But what about protective measures for members of the general 

public who are also now exposed to ultrasound on a regular basis? Smagowska’s conclusions may also 

apply to this demographic. This seeming lack of concern towards protecting the public from inaudible 

sounds forms a cornerstone of my study. 

 There are a number of sources of ultrasound exposing the public in today's world. The earliest 

widespread example of unintended ultrasonic exposure came from ultrasonic cleaning baths. People 

working with these devices experience an “unnatural sensation” in their ears, as well as heavy fatigue 

after about two hours of exposure without hearing protection. Loss of equilibrium, nausea, and 
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headaches persisted after the exposure. A number of agencies have attributed these adverse effects of 

ultrasonic cleaning baths to the audible frequency energy that also accompanies the operation of the 

equipment. All ultrasonic emissions from cleaning baths are accompanied by subharmonics in the 

audible frequency range, so it becomes difficult to distinguish between the effects of the ultrasound or 

the audio frequency sound (Smagowska and Pawlaczyk-Łuszczyńska, 2013). This is also the case for 

welding machines for fabricating spectacles that operate at frequencies of 30kHz and 25kHz. 

Other modern sources of ultrasonic exposure come from dental ultrasonic tools, such as dental 

scaling devices (Smagowska and Pawlaczyk-Łuszczyńska, 2013). Patients can receive ultrasound both 

through the air and through bone conduction from these devices, and dental operators can be exposed 

through air for longer periods of time and on a repeated basis. After 5 minutes of scaling, patients have 

been known to observe tinnitus, numbness of the ears, and/or temporary threshold shift (Smagowska 

and Pawlaczyk-Łuszczyńska, 2013). Other potential sources of ultrasound today come from wireless 

electronic charging devices (i.e. the uBeam device), vehicle parking and collision avoidance sensors, 

lighting, data projectors, mobile phones , and smart screen multimedia projectors. Because of the 2

inaudibility of ultrasound, it can be difficult to identify whether some of these sources are producing 

ultrasound or not without the controlled testing of where the subject experiences their discomfort. 

Thus, Smagowska and Pawlaczyk-Łuszczyńska suggest that identification of the numerous sources of 

ultrasound and their levels of exposure need to be addressed and compared to the appropriate 

guidelines (Smagowska and Pawlaczyk-Łuszczyńska, 2013). Studies like these reveal how little 

current evidence exists for documented and measured occurrences of ultrasound and infrasound in 

 i.e.  the “SilverPush” device1 mobile app, which uses the microphone on a cellular device to “track 2

the online or TV content watched from ultrasonic beacons embedded in the viewed content.” (Leighton, 
2018)

�24



common environments, as well as how this lack impacts our awareness of its effects on the wellbeing 

of the general populace. 

The most common source of high intensity airborne ultrasound in today’s public places comes 

from public address and voice alarm systems (PAVA) that are found in diverse places such as sports 

facilities and stadiums, shopping centres, airports, public buildings, department stores, cinemas, 

workplaces, public transport, etc. These are often 20kHz tones, which can repeat continuously across 

hundreds of circuits throughout the stadium, building, or space, thus causing millions of exposures 

(Smagowska and Pawlaczyk-Łuszczyńska, 2013). Perhaps the source responsible for giving members 

of the public the highest intensity of exposures is the ultrasonic pest scarer or repellent (Leighton, 

2018).  As of 2013, it was unknown if pest repellents were generating an unattractive environment or 

some other adverse effect(s), and it is particularly hard to gauge this due to the fact that none of the 

devices seem to match the manufacturer’s specification on their dynamic range or frequency 

(Smagowska and Pawlaczyk-Łuszczyńska, 2013). There have been reports of adverse reactions of 

people to pest deterrents, and warnings of their effects on children and pets have been made. In 2014, 

Ueda et al., carefully measured the ultrasonic fields from these pest repellents in a Tokyo restaurant, 

and found that they were around 20kHz, with strong harmonics, reaching around 120 dB re 20 µPa 

when one was directly under the source (Leighton, 2018). When workers or public were around 15 

metres from the source, the emission was still around 90 dB re 20 µPa. A survey was also conducted 

during this study, which indicated that 31 out of the 35 volunteers who completed the survey could 

hear the sound source, with four volunteers hearing it clearly, and younger workers tending to hear it 

better than older ones. However, no children were tested in this experiment. Many of these volunteers 

also claimed discomfort, restlessness and ‘pain in the ear,’ while nausea and dizziness were also 
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reported as symptoms, but less common. Some responses to the pest repellents were even more potent, 

including ‘my head may split’ and ‘I will never come here again because of the pain in the ear.’ These 

adverse reactions also raise the question of their use near other species, such as bats, pets, working 

animals, or even just the wider ecosystem. For example, pollinating bees are currently thought not to 

respond to ultrasound directly, but could still be indirectly affected by ultrasound mediating effects on 

their predators or food sources (Leighton, 2018). Bats for example, communicate in the ultrasonic 

spectrum - how might human generated ultrasonic noise affect their communication system? These 

studies can and should be inverted as well, challenging how the effects of human-generated noise can 

have an impact on the wider ecosystem. My project seeks to illuminate these frequencies with the 

general purpose of communicating their importance to a variety of human demographics, and indeed 

beyond.  

 Speaking of demographics, similar to pest repellents, ultrasound can and has also been used to 

intentionally target specific demographics, such as teenagers, from loitering outside of shops (i.e. the 

“Teen-Tormentor” app) (Leighton, 2016). In these cases, younger people, especially under the age of 

20, who are known to have a higher hearing range, can hear the ultra high pitched noise (around 15-18 

kHz) that comes from these anti-loitering devices known as “Mosquitoes.” These devices can cause 

young people to enter into a distress response, forcing them to clutch their ears in discomfort, as an 

example (Leighton, 2016). According to Leighton’s 2016 study, the use of Mosquitoes is currently 

unregulated with little research on the auditory and non-auditory effects of these signals. As such, they 

could adversely effect younger children or animals (pets) who are brought near the source by their 

parents/owners who would naturally be unaware of the signal, due to the fact that it is outside of their 

hearing range. This is especially concerning for children with preexisting conditions (i.e. autism) that 
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might make them more sensitive to ultrasonic noise; and for children who may be subject to longer 

term exposure (i.e. it is on their regular walking route to school) (Leighton, 2018). It has been reported 

by parents that Mosquito devices hold such an adverse response to children that it has caused “a child 

to fall from his bicycle as he removed his hands from the handlebars to cover his ears” (Leighton, 

2016). In 2008, a press release from the Association of Chief Police Officers stated: 

 “We have refused to accredit Mosquito primarily due to lack of evidence that it is safe. 

Following credible, external scrutiny of the product it could not be confirmed that noise it 

emits is only audible to young people and the potential effects of the product on people 

suffering disabilities was inadequately researched and uncertain. In addition, there were 

issues surrounding the appropriateness of utilizing this kind of device given that it’s 

discriminatory against a particular group.” - Association of Chief Police Officers (Leighton, 

2016)  3

 To my surprise, several of these devices are in fact installed at schools across Greater Victoria, 

and the ensuing section on my field work can confirm this. The Mosquito device is a perfect example 

of the immense confusion and misconception that our own senses can cause us when we start to 

believe that what we cannot hear is irrelevant.  

Section 2: Field Work 

It is one thing to read about sources of infrasound and ultrasound, and another to actually 

experience and measure those frequencies myself and to know that they exist in my vicinity. I wanted 

 The advent of the Mosquito anti-loitering device also highlights the need for better solutions to such societal 3

problems, as a device such as this one could actually displace children and youth to potentially more hazardous 
areas than storefronts. According to Leighton, the cultivation of appropriate safe places for children to meet (i.e. 
youth clubs or after school programs) may be a more worthwhile investment than the Mosquito (Leighton, 
2016).
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to provide evidence that backed the literature I found stating where these sound were being produced. 

The background information, as well as the common belief that “what we cannot hear cannot harm us” 

bestowed upon me a need to illustrate that these frequencies even exist at all. Ultimately, I decided field 

recordings would provide the most tangible evidence I could use to defend my position. 

My project determined where anthropogenic sources of infrasonic and ultrasonic sounds were 

present in specific areas of Greater Victoria, through data collection and analysis via field recordings 

over a 4 month period. I chose five locations in Greater Victoria based on previous research that 

indicated a presence of ultrasound or infrasound generated from specific sources such as highways, 

aircrafts, or other industrial noise sources. I took measurements at different times of the day throughout 

the months of November 2018 to February 2019, and I also documented the weather and my findings 

with photo and video.  

Subsection 2.1: Equipment 
Previous studies measuring infrasound noise levels in heavy goods vehicles and busses used a 

SVANTEK SVAN 945A registered on correction curves A, Lin and G, with dynamic characteristics of 

fast and slow (Nowacki, et al., 2008). Bilski’s 2013 measurements of audible and infrasonic noise 

levels in the cabins of modern agricultural tractors used a DSA-50 digital sound analyzer (class 1 

instrument) by SONOPAN, and a KA-50 acoustic calibrator (class 1 instrument) by SONOPAN, using 

A, C and G filters. 

To conduct my field measurements, I used an Earthworks M50 high definition microphone. 

This microphone features an ultra wide frequency response of 3Hz to 50kHz, which allows for the 

capture of sounds in the infrasonic and ultrasonic spectrums; it also features an omnidirectional polar 

pattern, a 140dB SPL rating without distortion or handling noise, a fast impulse response, linear phase 
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response, and temperature compensated electronics allowing the M50 to withstand a variety of 

environmental conditions. Thus, this microphone is ideally suited for scientific applications where an 

accurate free-field measurement microphone is required. 

Figure 1: The Earthworks M50 Microphone. Taken from: https://earthworksaudio.com/products/
microphones/measurement-series/m50/ 

The first phase of field recordings were done via mounting the Earthworks M50 microphone 

onto a standard microphone boom stand, and recordings used an M-Box into a 2017 MacBook Pro. 

The Logic Pro X digital audio workstation was used to capture the audio at a 96kHz sampling rate and 

24 bits per sample. 

Subsection 2.2: Locations 
I chose five locations around Greater Victoria to record. The locations were as follows: 

1. 936 Dunsmuir Road, Victoria, BC. This is my residence in the Township of Esquimalt. 

Recordings were taken from my front door facing the street as shown in Figure 2 (a) and (b). 

Despite being a residential area, this location was chosen for its close proximity to the Victoria 
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inner harbour and naval bases, which feature noise from sea planes, boats, naval vessels, 

construction and other industrial or urban sources. 

2. MacKenzie Interchange pedestrian overpass and Galloping Goose Trail, Victoria, BC. This 

location is in very close proximity to both the Trans Canada and Patricia Bay Highways. Sitting 

right next to the substantial construction that has been taking place at the Mackenzie Interchange 

throughout 2018 and continuing into 2019, this location was chosen for its close proximity to the 

highway and to the construction activity.  

3. The end of Canora Road, North Saanich, BC, on the south-east side of the Victoria International 

Airport, next to a small cemetery. This is a popular location for plane spotters that is right next to 

the airport runway. Figure 6 shows an exact location of this spot. This location was chosen for its 

very close proximity to the airplane runways of the Victoria International Airport. 

4. 285 Belmont Road, Colwood, BC. This is the address of a condominium development site in 

Colwood, BC. Part of this construction involves a considerable amount of rock blasting that must 

be done to create a flat surface on which to build the condos. This location was chosen 

specifically for the sounds emitted from blasting and other construction activities. 

5.  North Saanich Middle School, at 10400 McDonald Park Rd in North Saanich, BC. It was 

reported to me by the Saanich School District Facilities Manager that this school has Mosquito 

anti-loitering devices installed on the premises. This location was chosen specifically to 

investigate the Mosquito devices. 
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Figure 2: (a) 936 Dunsmuir Road - East facing street view.  
(b) 936 Dunsmuir Road - West facing street view. 

Section 3: Analysis 

Subsection 3.1: Phase I 
The first phase of field recordings were subsequently bounced out of Logic Pro X as a .wav file 

at 96kHz, 24 bit specifications and imported into Sonic Visualizer for analysis. Sonic Visualizer, which 

is a free software developed at the Centre for Digital Music at Queen Mary, University of London, is an 

application for viewing, annotating and analyzing sound files. Vamp plugins, which are audio 

processing plugins that extract descriptive information from audio data, were used in Sonic Visualizer 

to analyze the sound recordings. The built in spectrogram, as well as the Adaptive Spectrogram and 

Constant-Q Spectrogram vamp plugins were used to try and locate points of interest in the sound 

recordings, namely points with infrasonic or ultrasonic activity. Once notable points were identified, 

the audio file was then imported into Audacity, where the specific points of interest were singled out 

and charted for their average frequency spectrum (x-axis) and decibel level (y-axis). 

The recording done at 936 Dunsmuir Road took place on Tuesday, November 27, 2018 from 

2:26pm-2:29pm, where the weather on this day was mostly cloudy at 12 degrees Celsius. Analysis 
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revealed a considerable amount of energy at low frequencies with continuous ambient noise from 

around 58-82 Hz. About 28 seconds into the recording, a large and notable burst of infrasonic energy 

begins with a peak at around 40 Hz, that lasts for about 15 seconds. This energy reached a relative 

power of 169.5 dB   at 5Hz. Because this energy is not audible, it is hard to determine where the source 4

came from. However, on the day of the recording there was significant noise in the neighbourhood 

from a tree removal service less than a block away from where the recording took place. It is likely that 

this burst of infrasound was in relation to this activity.  There was no notable energy in the ultrasonic 5

range for this recording. 

Figure 3: Frequency analysis in Audacity of a segment of infrasound found in the sound recording 
conducted at 936 Dunsmuir Road. 

 See subsection 3.24

 Another notable event happens at about 2 minutes and 10 seconds into the recording, when a seaplane is heard 5

taking off from Victoria’s inner harbour. Here, the spectrogram shows considerable broadband noise from the 
seaplane starting at about 76Hz, reaching all the way up to 2,062 Hz with its upper harmonics. Two particular 
frequencies stood out in this broadband noise as more powerful. Namely, at 457 Hz and 164 Hz, which 
corresponds to the typically audible two-toned noise associated with seaplanes.
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Figure 4: Spectrogram of the sound recording conducted at 936 Dunsmuir Road. Notice the burst of 
infrasonic energy around the 30 second mark. 

Subsection 3.2: Phase II 
Analysis for subsequent field recordings were conducted using a new interactive sound analysis 

software called Raven, which is designed and maintained by the Bioacoustics Research Program at the 

Cornell Lab of Ornithology. This new software proved to be more efficient and suitable for this type of 

analysis than Sonic Visualizer. One thing to note about this software, is that it displays power levels in 

decibels (dB) that are relative arbitrary spectrogram bin reference values of 1. In other words, Raven 

does not calibrate sound amplitude measurements. The dB values given by Raven do not represent 

absolute sound levels, only relative, and can thus act as a representative number, not an absolute. For 

example, normal conversation level is around 60 dB, and a recording of children playing in a school 

playground is expressed in Raven as having a Decibel level of 112. The Mosquito anti-loitering device 

in this same recording is expressed as having a relative dB of 150. 150 dB is beyond the capabilities of 

the M50 microphone, but it is clear that in relation to the sound of the children playing in this recording 

that Mosquito device is at a much greater sound pressure level. As such, any power values expressed in 

this report are the relative power values taken from Raven and are not absolute power values. Although 
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this new analysis software proved to be useful, due to an aliasing problem related to the M-Box 

recording device, these phase II recordings had to be discarded, as anything above approximately 

24kHz was not captured. Instead, a mirroring effect occurred in the spectrogram where the sound 

image below 24kHz was merely being mirrored back above 24kHz.  6

Figure 5: Exact location of field recordings conducted on January 5, 2019. 

Subsection 3.3: Phase III 

 Phase III of the field recordings utilized a Marantz PMD661MKII Handheld Solid State 

Recorder along with the Earthworks M50 omnidirectional microphone mentioned previously. The 

Marantz recorder has the capability to record at a high resolution of 24 bit/96 kHz, and records audio 

files on to an SD flash card. These files were then transferred to a computer for analysis. The choice to 

 For more information on what was captured for these field recordings, see Appendix B.6
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use the Marantz PMD661MKII resulted from the aliasing problem mentioned previously that occurred 

from using the M-Box.  7

Figure 6: Spectrogram demonstration of aliasing/mirroring problem from using the M-Box. 

An investigation into the problem revealed that it was not the microphone or the software (Raven or 7

Logic Pro X) that was causing the issue, but the M-Box itself. Although the M-Box specifications state 
that its maximum resolution is 32-bit/96kHz, it appeared through testing as though this was not the case 
(see Figure 6 for demonstration of the aliasing problem). As the M-Box was several years old, it is 
possible that it had simply lost some functionality.
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Figure 7: Marantz PMD661MKII recording device. 

 Field recordings were conducted using this new system on January 27, 2019 at North Saanich 

Middle School, at 10400 McDonald Park Rd  and at the end of Canora Road next to the Victoria 8

International Airport. An exact location of where the recordings at Canora Road took place is pictured 

in Figure 5 above. The weather on this day was mostly cloudy at 7 degrees Celsius. 

 Upon approaching the Mosquito device at North Saanich Middle School, a definite high pitch 

ringing became audible within approximately 10 feet of the device. Analysis of the recordings at each 

of the three devices installed on the school premises confirmed that a 16kHz constant signal at close to 

150 dB (relative) was being emitted from the device. A less powerful (110 dB) inaudible tone at 32 kHz 

was also being emitted from the device. As well, a periodic audible “beeping” sound would emit from 

the device about once a minute. This beeping sound started at about 1700 Hz and stretched up to 32 

kHz, as seen in the spectrogram in Figure 8. 

 It was reported in a number of news articles in both the National Post and CBC (Hopper, Tristin, 8

2012; CBC News, 2012; & CBC News, 2009) that anti-loitering Mosquito devices had been installed at 
certain schools in the lower mainland of BC and had been keeping neighbours awake at night with their 
high-pitched ultrasonic sound. I contacted the author of these articles to track down any leads of these 
devices being installed at schools in Greater Victoria. It was suggested to me by the National Post 
author, Tristin Hopper, to contact the Victoria School District with my question. To my surprise, both 
the Saanich and Sooke school districts Facilities Managers confirmed three schools in Greater Victoria 
with these devices installed. One of these schools is North Saanich Middle school, boasting at least 
three of these Mosquito anti-loitering devices installed on its premises. The other two schools were 
Ruth King Elementary and Happy Valley Elementary School in the Sooke School District.
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Figure 8: Spectrogram of the Mosquito device emissions. Most powerful emission at 16kHz, with a 

less powerful band at 32kHz. Audible beeping occurs at around 0:05 and 1:07 seconds. 

Figure 9: Mosquito anti-loitering device installed at North Saanich Middle School. 

  

 After conducting this field recording, I can now attest to some of the complaints that have been 

lodged against Mosquito devices. Recall that subjective symptoms of exposure to ultrasonic noise 
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include dizziness, balance disturbances, headache, discomfort, irritation, ear fullness, tinnitus and 

fatigue, and that these symptoms can be brought about by signals with frequencies over approximately 

17 kHz and at levels of over 70 dB (Smagowska and Pawlaczyk-Łuszczyńska, 2013). As you can see 

from the analysis (Figure 8), the noise from the Mosquito device was well above 70 dB and started at 

16 kHz, which is very near the approximated frequency given by Smagowska and Pawlaczyk-

Łuszczyńska. Although I was exposed to the device for less than 20 minutes, I developed a headache 

after just a few minutes (< 10) of exposure. Jemima Gerow, a resident of New Westminster, BC who 

had been exposed to the Mosquito devices installed there, expressed noticing “one little boy holding his 

ears and crying because the noise actually hurt his ears,” in a CBC News 2009 article. I also had 

feelings of pain in my ears, as well as fatigue, “fogginess,” dizziness, and lightheadedness from the 

short time that I was exposed to these devices. Subsequent exposure to the recordings (for analysis and 

editing) that I took of the Mosquito’s emissions also induced these symptoms.  

(a)  
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(b) 

Figure 10: (a) and (b) Spectrograms of planes taxiing. (a) Is a propeller plane, while (b) Is a jet plane. 

  

 As mentioned previously, the other field recordings conducted on January 27, 2019 were at the 

end of Canora Road next to the Victoria International Airport. Several recordings were taken at this 

location of jet and propeller airplanes taxiing, taking off and landing throughout the afternoon. 

Depending where on the runway the plane was moving, the distance between the source and the 

microphone could be approximately 80 or more feet away. Infrasound was notably present in all three 

circumstances. Two separate recordings of planes taxiing around the runway at the Victoria 

International Airport can be seen in Figure 10. In Figure 10 (a), a smaller Pacific Coastal Airline plane 

is taxiing.  This plane produced many frequency bands in several ranges, with the lowest frequency 9

band at around 22Hz, with a relative power of 153.8 dB. This is contrasting to the more broadband 

noise that the jet plane produced, which can be seen in Figure 10 (b). Recall from earlier that aircraft 

 This is more of a propeller based plane, rather than a jet aircraft, which is why it looks quite a bit 9

different in the spectrogram when compared to the jet plane. This same banding phenomenon was 
present in the spectrogram of the seaplane that I recorded taking off near the 936 Dunsmuir location on 
November 27, 2018, so it is evident that propeller planes produce a similar sound spectrum.
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engines are powerful sources of artificial infrasound and low-frequency noise that exceeds 120 dB 

across a wide spectrum (Persinger, 2014), so the more broadband noise of the jet plane is to be 

expected. As one can see from Figure 10, (b), there is a constant stream of infrasound being emitted 

from this plane, that reaches its loudest point when the plane is closest to the microphone, at around 

1:30. At this point, the relative power reaches 151.8 dB at 20 Hz. What is not shown in Figure 10, (b), 

is that a notable amount of ultrasound was also produced at this same point in the recording. A zoomed 

out version of this same spectrogram is shown in Figure 12, where the ultrasonic components can be 

observed. This shows the ultrasound being emitted at this same point in the recording (1:30), which 

reaches to about the 44 kHz mark, and has a relative power of 75.5 dB in the ultrasonic range. 

 

Figure 11: Pacific Coastal Airlines propeller plane. 
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Figure 12: Spectrogram of Plane taxiing around the runway with ultrasound present.  

 Planes at the Victoria International Airport also produced significant infrasound when taking 

off, as can be seen from Figure 13. In this figure, a jet is speeding up and taking off from the runway. 

At around the 20 second mark, the plane is speeding past the microphone. This is also when the most 

low frequency energy is present in the recording. At this point, the relative power emitted in Raven is 

over 154 dB and the low frequencies reach all the way down to 3 Hz, which is the lowest point in the 

frequency response of the M50 microphone. By 30 seconds, the plane is ascending.  10

 You can also see a distinct shape in this spectrogram that starts at about 19 kHz, ascends to 25 kHz, 10

and then ascends again to 28 kHz. This is the sound of the planes engine ramping up as it prepares for 
takeoff. 
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Figure 13: Spectrogram of Plane taxiing and taking off. 

  

 Recording a landing event on this day revealed that the landing plane produced a substantial 

amount of infrasound at the point of heavy application of the breaks, once it was firmly on the ground. 

Frequencies from this event can be seen as low as 22 Hz with a relative power of 149.2 dB (see Figure 

14). You can hear this event clearly in the soundscape composition created from this recording at 

around the 0:47-1:03 mark, where I have taken this landing and breaking event and tuned it up into the 

audible range to result in what sounds very “other-worldly,” or perhaps like a whale or other creature. 

From the spectrogram in Figure 14 you can see some of these “whale calls” in the infrasonic range as 

the frequencies bend up and then back down again where the brakes are applied.   
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Figure 14: Spectrogram of a plane landing and applying breaks at around 14 seconds. 

Figure 15: Example of a jet plane recorded at Victoria International Airport. 
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 On February 5, 2019, at 5:29pm, a set of field recordings was taken at the Mackenzie 

interchange location using the Marantz system. Seven field recordings were taken: four at the overpass 

location, and three down the hill about 30 feet from the overpass on the Galloping Goose Trail, where 

the microphone could be placed at a height level to the vehicles on the highway. The weather on this 

day was clear at 1 degree Celsius. Results from the spectrogram analysis reveal that there is infrasound 

present in all recordings, which was to be expected, given that infrasound produced by vehicles had 

been previously reported in the literature. Recall from Nowacki, et al., that 40 to 60% of people 

employed in transportation are exposed to infrasound noise and high infrasound levels, particularly 

those working in busses, and that high intensity infrasound can be produced by diesel engines as well. 

The more surprising finding was the significant ultrasound present in many of the recordings. 

Smagowska’s 2013 theory surmised that if audible squeaking, whistling or whooping sounds are 

present, such as with compressors, valves or burners, then this can be an indication that ultrasonic 

components may be present. Indeed, the audible noises of semi-truck valves opening and closing can be 

heard in the recordings, and subsequent spectrogram analysis and tuning down of the ultrasonic 

components supports Smagowska’s theory that these audible squeaks and hisses reach into the 

ultrasonic range as well.  
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Figure 16: (a) Mackenzie Interchange pedestrian overpass location. (b) Down the hill from the 
overpass on the Galloping Goose Trail. 

 Down the hill from the overpass, the ultrasonic components became even more evident as there 

were random bursts of ultrasound present in the spectrograms of these recordings that correspond to the 

audible sounds of pressure releases from semi-trucks, buses, trucks or semis going by, or other 

unidentified sounds that appear as small “blips” in the ultrasonic range (see Figure 17). These random 

blips of ultrasound can appear anywhere between 14-40 kHz, with a relative power up to 112.7 dB, and 

were more present in the downhill recordings than the recordings done on the overpass, which was 

above the traffic as opposed to level.  11

 The other interesting thing to note about the recordings taken down the hill is that there is a constant 11

band of energy right around the 14kHz mark that is not present in the recordings from the overpass. 
This is possibly caused by a consistent hum of vehicle engines on the highway.
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Figure 17: Spectrograms of the traffic down the hill from the Mackenzie overpass on the Galloping 
Goose Trail at rush hour. Notice the random “blips” of ultrasound, as well as the constant band of 

energy around 14 kHz present in all three spectrograms. 
  

 On the overpass, a substantial amount of both infrasonic and ultrasonic energy were seen in 

analysis, with infrasound particularly present at around 20 Hz and with a relative power of 158.9 dB 

(Figure 18). These portions of increased infrasound occurred when vehicles turned left onto Mackenzie 

�46



from the Trans Canada Highway, travelling directly under the overpass, where the microphone was 

positioned above. Each burst of ultrasound recorded from the overpass can be correlated with a vehicle 

(usually a larger vehicle) driving underneath the overpass. Ultrasound was also emitted from bicycles 

going by on the Galloping Goose Trail, but this was less frequent and less powerful than the ultrasound 

from vehicles. The bursts of ultrasound in both the overpass and downhill recordings reached a 

maximum frequency level of around 43 kHz, where the power was also the weakest. 

Figure 18: Spectrogram from Mackenzie interchange pedestrian overpass. 
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Figure 19: Zoomed in spectrogram from Mackenzie interchange pedestrian overpass of infrasonic 
energy. 

 The last set of field recordings was conducted on February 21, 2019 and February 28, 2019 at 

284 Belmont Road in Colwood, BC. The conditions on the first day were 7 degrees Celsius and partly 

cloudy. At the time, 284 Belmont Road was a development site for a new condominium complex. As 

such, blasting was being done to remove the rock bed of what used to be a rocky hill in order to create a 

flatter surface on which to build the condos. Thus, the recordings done at this location were of two 

separate blasts that happened at the site on this day, one at 10:34 am and another at 1:34 pm. Several 

events happened at the time of each blast. The first event occurred when the blasting horn was sounded 

to warn those in the area of an upcoming blast. The horn sounds 12 times before a 2 minute countdown 

until the triggering of the blast. Just before the blast is triggered, Darren McCormack, Blaster and Job 

Superintendent of TNT Industries Ltd., who graciously allowed me to record at his job site, shouts 

“Fire!” and detonates the blast. The actual sound of the detonation is not unlike a loud clap or transient, 

featuring energy at all frequencies. Immediately after the blast is detonated, the blast actually occurs, in 

which a considerable amount of infrasound is emitted in the form of a pressure wave, and audible low 

frequency sound at energies of up to 161.7 dB (relative) at 6 Hz. Finally, after the blast had finished, 

one final sound of the horn is produced to signal the end of the blast and the resuming of normal 

activities. 

 On February 28, 2019, at around 12:21pm, the recordings of the blasting at 284 Belmont Road 

were redone. The reason for this being that the first set of blasts distorted the recording due to the 

intensity of the sound. For this second recording, the weather in Colwood was partially cloudy and 6 

degrees Celsius. This time, the gain on the Marantz recording device was set to 1, which is the lowest 
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functional level for recording.  This blast also showed similar results in terms of infrasound, where 12

most of the energy from the blast occurred in the infrasonic range as is indicated in Figure 20. 

  

Figure 20: Infrasound from rock blasting at 284 Belmont Road, Colwood, BC. The first event (~14.6) 
is the detonation of the blast and the second event (~15.1) is the actual blast. 

 I noticed several things from conducting the blast field recordings. Firstly, the actual blast itself 

was extremely loud and powerful. So much so that a pressure wave was felt in my body from the blasts, 

and the ground shook each time. Recall from earlier that hearing protection, such as ear muffs or ear 

plugs, offers little safety against infrasound, as infrasound waves act on the entire human organism, and 

not just the ears (Nowacki, et al., 2008). A perception of infrasound thus may not be identified as 

“sound” but rather as a “pressure,” vestibular effects, “oddness,” swaying, or general discomfort 

(Persinger, 2014). In this case I was able to physically feel the infrasound as a pressure on my entire 

body.  

 A subsequent blast recording done at 0.5 proved this to be true.12
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 As mentioned previously, the Earthworks M50 microphone can handle up to 140 dB SPL 

without distortion. The pressure wave caused by the blast, at a relative power of 161.7 dB, had to be 

beyond the capabilities of the microphone (>140 dB SPL), causing distortion no matter what level the 

Marantz recording device was set.  This also explains why blasting technicians tend to measure blasts 13

in Pascal units rather than Decibels, as the choice to use Decibels (a logarithmic unit) relates more to 

how our ears perceive sound, rather than Pascals (a linear pressure unit). 140 dB SPL would be around 

the same level of pressure our ears could tolerate without pain or damage. Any pressure above this 

would be beyond the ear’s pressure sensitivity. In other words, the sound produced by a blast goes 

beyond our hearing capabilities both in terms of pressure and in terms of frequency (mostly below our 

hearing range). So in this case, Pascal units may be more suitable.  

 In the soundscape composition using the blasting recordings, the workers reference something 

called a “monitor.” This is a simplified term for what is actually a geophone. Each blast conducted must 

be recorded using this device, which records the peak vibration in the ground, as well as the frequency 

of said ground vibration, the maximum acceleration of the vibration, maximum displacement, and other 

pertinent information across three separate degrees (transversal, vertical and longitudinal). While this 

information is relevant and very important, it also highlights the standard used by the industry, which is 

to focus on ground vibrations rather than the vibrations happening in air, potentially due to the same 

reason that if we cannot hear these air vibrations then they must not be having an effect on us. The 

sound of the first blast in particular seemed to adversely effect my left ear, which was the ear facing the 

direction of the blast. I found that this ear felt “tired” and sore after the first day of blasting. Moreover, 

for the rest of that day, I developed a migraine headache. Whether or not these symptom were a result 

of the blasting is unknown, but it’s something to take note of, especially considering that the typical 

 Even when the level was set to 1, distortion in the recording still occurred.13
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symptoms that result from high intensity infrasound mentioned earlier include headaches, tiredness and 

a lowered state of alertness and reaction time (Nowacki, et al., 2008). 

 It was also noteworthy to me that the workers for TNT Industries Ltd. described the blast sound 

as “not very loud,” and the blasting events themselves were described as “unentertaining” and 

“uneventful.” Of course, workers are exposed to these events on a regular basis and so the novelty 

would surely wear off, but being nonchalant towards the blasting sounds would no doubt diminish any 

worries that exposure to these frequencies would cause anything adverse, and further emphasizes the 

attention placed on ground vibrations. The perception that these blasts were “not very loud,” as well as 

the focus on monitoring ground vibrations, would also probably deter the urgency to wear hearing 

protection or take other protective measures, when in fact the air vibrations are at very high intensities 

and therefore at most likely damaging levels. Indeed, no one advised me – as someone new to the field 

of blasting – that I should wear hearing protection or take any other protective measures, aside from 

wearing a hard hat. In fact, the only pre-blast information I was given was that blasts were “not very 

loud,” so I was somewhat mislead. To me, the blasts were extremely loud in the sense that even though 

not much was audible, it could still be felt in a very intense way through my body and the ground, 

indicating the presence of something more powerful than most sounds I am exposed to. I also noticed 

that many of the workers were not wearing hearing protection during the time of the blast. I mention 

this not to indicate that hearing protection would have helped in this case, but to demonstrate that no 

protective measures and little concern in general were taken. To me, these facts that I noticed during the 

blast recordings further demonstrate the need to make the connection between inaudible noise and its 

effects on our physiology.  
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Figure 21: Looking into the construction site at 284 Belmont Road. Note the blasting mats used to 
prevent rock and other debris from flying up during blasts. 

 

Figure 22: Spectrogram of the second blast that occurred on February 28, 2019. The Job 
Superintendent shouts “fire” (~13.8) followed by the detonation (~14.6). 
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Section 4: Applied Research  

Subsection 4.1: Max/MSP/Jitter/OpenGL 

 The research undergone for this project is represented as an interactive map designed using 

Max/MSP/Jitter and OpenGL. The concept is a digital map of Greater Victoria that users can interact 

with by moving the mouse toward different locations on the map where the field recordings were taken. 

The map itself was created utilizing QGIS and Stamen Watercolor basemap, and sits inside a 

jit.window object inside the Max patch. The map was a collaborative effort between myself and Daniel 

Brendle-Moczuk, a Data Librarian at the University of Victoria who specializes in historic geography, 

geospatial data, and maps. Daniel stated in a 2014 interview that “if we are connected with the past and 

the land, I think we’re more concerned about caring for it and sustaining it so that as we move forward, 

we don’t make some of the mistakes we have made in the past.” This statement illustrates Daniel’s 

underlying motives for his work. His enthusiasm, ideas and passion resonated with me and my own 

work in the sense that I too want others to be more connected with the soundscape, for the same 

purposes of our collective health and wellbeing. Naturally, there was a connection and an opportunity 

for collaboration. The map was chosen to act as a visual aid to help illustrate to others where these 

sounds exist. The principle issue is that infrasound and ultrasound are frequencies that we cannot hear, 

so having a way to visualize these sounds via the map in lieu of not being able to hear them helped to 

bring these sounds to life. Visual art can aid in helping us to engage with these unheard sounds in a way 

that is intuitive and interactive, allowing us to form connections to sounds we might otherwise not have 

any association with. 
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Figure 23: Interactive map produced using Max/MSP/Jitter and OpenGL. 

 Initially, this interactive map idea started with a previously designed patch by Federico 

Foderaro that was substantially modified for the purposes of this project. Federico’s initial patch made 

use of a pixel shader that ran independently for every pixel on an image. A pixel shader takes input 

information such as pixel, mouse or image coordinates, and outputs a colour that results in the original 

input information being distorted in some way. The distortion in the case of my patch, comes from 

outputting the colour on a point of the image that is not actually at that point, via a mathematical 

equation in the shader that facilitates the distortion. In other words, the shader samples the same image 

but at modified coordinates, giving a distorted effect. In the case of the original patch (Federico’s 

patch), the distortion was a rippling effect that occurred across the entirety of the image every time the 
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user clicked the mouse. The input information for the shader in the original patch was the pixel 

coordinates from the image generated by a webcam. 

 Myself and UVIC computer science graduate student Arthur Firmino  worked together to 14

modify Federico’s initial patch to track the mouse coordinates. From this process, a rippling effect 

occurs at the field recording locations on the map, with varying amplitude rates depending on the 

proximity of the mouse to those positions. The rate of amplitude of the rippling increases as the mouse 

gets closer to a location point, and decreases as the mouse moves away, which serves as a visual cue of 

the proximity to the location.  

 Infrasound is characterized by physically large, slow moving sound waves, and ultrasound is 

characterized by physically small, fast moving sound waves. We modified the patch to reflect these 

differences visually by decreasing the frequency of the ripple if the location point is one in which a 

substantial infrasound component was recorded, and increasing the frequency if the recorded 

component was at a higher frequency (i.e. ultrasound). In other words, the frequency of the ripple is 

controlled by the frequency in Hertz of the corresponding sound component that was recorded. 

 Other functions of the patch include the playback of a soundscape composition based upon the 

source material of its associated location. This is also controlled by the mouse movement/location and 

works by playing back whatever composition is closest to the position of the mouse in relation to the 

location coordinates. The gain of the playback is also controlled by the mouse movement so that when 

the mouse is furthest away from a location, the gain is at its lowest. As the mouse moves towards a 

location, the gain increases, to reflect the idea of moving literally closer to a sound source. There is also 

additional information provided about the field recording locations themselves that include the pop-up 

text in the bottom right hand corner of the jit.window, as well as the photographs taken at the locations, 

 Arthur specializes in C++, OpenGL and computer graphics. 14
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which appear in the top left hand corner. Text and photos provide additional context as to the nature and 

location of the sounds as a connection between visual stimuli and (normally inaudible) unheard sounds, 

so that the user has a better idea of what they are listening to.  15

Subsection 4.2: Soundscape Compositions 

Four short soundscape compositions were created using the sounds from each location. 

Although soundscape composition exists as a small component of my project, composing music was 

not my initial goal. Instead, I wanted merely to transpose infrasound and ultrasound into the audible 

range so that it could be communicated to the listener in an impactful way. What I discovered is that 

composing aided my approach by combining the unmanipulated audible sounds along with the 

manipulated inaudible sounds in a creative way that provided my audience with a more complete 

picture while also contextualizing the sounds. The tuning up or down of the infrasound and ultrasound, 

along with the visual aid of the map and the rippling effect of the mouse movement, were all 

intentionally chosen to help illuminate these unheard sounds and their significance. Making use of the 

parts of the user’s sensory system that they are actually consciously aware of (i.e. sight and audible 

sound) helps bring attention to our biological sensitivities that might otherwise remain unconscious and 

thus “nonexistent.” In this way, I discovered art to provide a multi-media sensory solution that had a 

greater impact than raw data or mere text.   

 My compositions either pitch up or down the infra or ultrasound components of my recordings 

in order to place them within an audible range. This task was completed either by using the groove 

object in Max/MSP or by using the “Change Pitch” option in Audacity. For example, the ultrasound 

 For more detail on the exact modifications that were made to Federico’s patch, please see Appendix 15

A.
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produced by the Mosquito anti-loitering device was tuned down incrementally from its original 

frequency of 16kHz to 10kHz, 6kHz, 4kHz, 2kHz, 500 Hz and finally, 100 Hz. This can be heard in the 

composition made from the source material recorded at the North Saanich Middle School location. In 

this composition, each new frequency blends in as the previous frequency eventually fades away. The 

background sound in this recording is the unmanipulated recording of children playing in close 

proximity to the Mosquito device (within 15 feet, approx.). A caregiver, presumably the mother of the 

children, was also present. As mentioned previously, the Mosquito device is designed in such a way 

that the high frequencies it produces are audible to younger members of the population, but inaudible to 

older demographics whose sensitivity to higher frequencies has diminished.  It is my guess that the 16

mother/caregiver likely could not hear the high pitched sound coming from the device, otherwise she 

may have chosen a different area for her children to play. Also notable in this composition is the 

pulsating nature of the ultrasound, which becomes more apparent as the pitch is lowered. It is possible 

that the ultrasound emitted from the device was a square wave. This would be consistent with the 

harmonics that are seen in the spectrogram (16kHz and 32kHz) and its visualization on the Fast Fourier 

transform (FFT) in Raven. To test this theory, I played the ultrasound component of the recording 

through the groove~ object in Max/MSP to see if this pulsing wave characteristic would still be 

apparent at normal speed, half speed, and other increments (between 0 and 1). From this test I observed 

the pulsing even with the groove~ object. 

The composition done using the source material from 936 Dunsmuir Road employed a similar 

approach. This time, I pitched the infrasound up into the audible range using the groove~ object from 

 Hearing loss typically affects higher frequencies before lower frequencies due to the fact that high-16

frequency sounds are perceived in the lower part of the cochlea, while the hair cells that perceive low-
frequency sounds are located near the top.
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Max/MSP. As one listens, one can hear the noise of the tree removal service at work, then using EQ 

automation, the high frequencies from this sound are slowly cut until 20 Hz, while simultaneously, the 

infrasound from this recording is pitched up until it begins to rumble at an audible level. Eventually, the 

infrasound is pitched up further and then slowly begins to drop back down in pitch, until the point that 

it exceeds our audible range. At this point, the original, unmanipulated source material is faded back in, 

where one can hear a recorded seaplane. The reason for including the unmanipulated sounds in the 

compositions – such as the seaplane and the tree removal services – is to provide additional context. 

These are both familiar sounds that we are accustomed to hearing on a regular basis, (especially as 

residents of Victoria where seaplanes are frequently departing and arriving from the inner harbour). 

What makes things intriguing in this case is that infra-sounds are simultaneously present “below the 

surface,” and when these manipulated sounds are juxtaposed against the unmanipulated audible sounds, 

it can cause one to question their own surroundings.  

 I also employed some frequency and amplitude modulation on the infrasound component itself 

from this field recording. These effects would only be noticeable using speakers that could reproduce 

the bass frequencies. I created frequency and amplitude modulations using frequencies between 5-10 

Hz as the modulator, with the carrier being the recorded infrasound from the location. Recall from 

earlier that drivers exposed to simulated industrial infrasound of 5 and 10 Hz, at levels of 100 and 135 

dB, have reported feelings of fatigue, apathy, depression, pressure in the ears, loss of concentration, 

drowsiness, and vibration of internal organs (Nowacki, et al., 2008). As the sound source at this 

location would be considered a type of industrial noise, I wanted to re-emphasize these infrasonic 

frequencies in my composition as those associated with that noise category type, therefore drawing 

attention to this type of noise and the correlation with these subjective symptoms. Bringing attention to 

these normally inaudible oscillations of 5-10 Hz using frequency and amplitude modulation brings 
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these frequencies that are normally left unnoticed to light and allows us to sense their presence in 

consciously interesting ways such as low frequency rumbling. In this way, the numbers used to 

generate the frequency and amplitude modulating effects were far from arbitrary. 

In my composition based on the traffic sounds recorded at the Mackenzie Interchange, I wanted 

to make use of all of the “blips” of ultrasound mentioned previously. To do this, I put a high pass filter 

on those field recordings with the blips and cut all frequencies below approximately 16 kHz. Then I 

tuned each of these down using the “change pitch” option in Audacity so that the blips would be in the 

audible range. From here, I further processed the recording by adding some compression, gain, reverb, 

and EQ to make the blips more audible against background noise. These ultrasonic blips are delicate 

when compared to the roar of the highway and other sounds, so it was important to me to balance this 

recording against the others to avoid confusion and discontinuity when interacting with my patch. I 

then layered many of these blips together in a gradual fashion, to create a build up of blips over time in 

the composition. Finally, the build up of ultrasonic blips ceases and from here, the infrasound and 

audible traffic sounds from the highway activity are faded in. To make the infrasound from the field 

recordings audible, I employed the reverse process that I did for the ultrasound blips. Namely, I used a 

low pass filter to cut all frequencies down to approximately 30 Hz, and then I used the groove object in 

Max/MSP to speed up the infrasound at approximately twice the speed of the original recording so that 

it would become audible as a low rumble.  

Using the recordings taken from the end of Canora Road at the Victoria International Airport, I 

created an interplay between the real sounds and the processed sounds, going back and forth between 

the two. Processed infrasound was placed in-between the sounds of the planes at the airport taxiing, 

taking off, and landing. Some interesting “whale” effects emerged when tuning up into the audible 
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range the infrasound from a plane landing and applying breaks. To play with these effects, I added 

some simple tape delays. The infrasound was tuned up using the same process that was used in the 

previous compositions. Other “howling” sounds emerged when tuning the infrasound up from a 

propeller plane that was taxing around the runway and eventually taking off. These sounds can also be 

heard in the composition. 

For the blast composition, I ran into problems because of the fact that all of the recordings of 

the actual blast were distorted, which I mentioned earlier. In an attempt to mitigate the distortion and 

salvage the audio, I put a low pass filter on the blast recording down to about 40 Hz, which is the 

frequency at which sounds in the infrasonic spectrum roughly begin. I then used Max/MSP to speed up 

(and therefore pitch up) the blast using a line object until it was four times faster than the original speed 

of the audio. I then multiplied two sine waves together, one at 200 Hz and one at 177.1 Hz, to create a 

binaural beat of 22.9 Hz. Recall from Timmerman’s 2013 study that the fundamental wind turbine tone 

was 22.9 Hz. This frequency lies in the brains “high beta” wave range, which is associated with an alert 

state, anxiety, and a fight-or-flight response (Timmerman, 2013). In my composition, I wanted to play 

with this infrasonic frequency from wind turbines that has been known to affect our bioelectrical 

signals. I used 22.9 Hz to multiply the signal from the blast in various ways to create interesting effects. 

I then manipulated these sounds further in Logic Pro X using EQ and reverb effects. This was my way 

of working with the distorted signal in a creative way, while incorporating other points of interest from 

the literature. To me, the resulting audible effects from using manipulation at 22.9 Hz in this piece 

represents the pain and discomfort that I felt in my ears long after the blast had finished. As such, I left 

the 22.9 Hz tone ringing out at the end of the piece to demonstrate that the effects from such sounds 

may still be lingering well after the exposure has taken place. Various higher pitched, repetitive sounds 
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created from the use of 22.9 Hz manipulation gradually appear in the piece, which represent the 

unconscious effects manifesting in the body that may be unrecognizable or unattributable.  

Figure 24: Processing done in Max of blast recording using 22.9 Hz. 

Section 5: Conclusion 

At the beginning of this project, I wasn’t sure if I was going to find any infrasound or 

ultrasound in my recordings. I needed to see for myself that they were there. The problem of course is 

that I couldn’t hear these sounds, so going into this project there was no way for me to know if they 

would come up in my analysis. I made the decision to chose five specific locations based on the 

previous studies that stated where infrasound and ultrasound had been emitted from sound sources (i.e. 

near highways, aircrafts, industrial noise, and anti-loitering devices). Finding evidence of infrasound 
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and ultrasound in my field recordings proved to be a learning experience for me, and not just for the 

people who will interact with my project, because it verified the previous studies, and brought the topic 

close to home. Reading the literature and actually getting to experience these frequencies for myself 

provided additional framing for me to be able to bring attention to these frequencies and to illustrate 

this information in a way that I felt was meaningful, approachable, and that connects with people on a 

more fundamental level. Although I felt some subjective symptoms myself, my aim was not to validate 

any of the physiological effects mentioned previously, but rather to transpose these frequencies so that 

they could be heard, noticed, and communicated in a meaningful way.  

In composing my soundscapes using infrasound and ultrasound, and designing my interactive 

map, I found myself constantly trying to question how I could communicate the importance of these 

sounds in our everyday lives. On the one hand, the visuals created using Max 8, Jitter and OpenGL 

gave me an opportunity to engage with these unheard sounds in a way that is intuitive and interactive, 

allowing the formation of connections to novel sounds that I wouldn’t normally have a relationship 

with. On the other, it can be tricky to try and find a way to express infrasound and ultrasound without 

having them sound too foreign or detached from their original setting, which is why I opted to 

intermingle the manipulated sounds with unmanipulated sounds. Furthermore, I sought to enable users 

to interact with and experience these sounds at their own pace. I wanted others to be able to hear the 

juxtaposition of sounds within their hearing range, and sounds “below the surface” - the information 

that is missing and thus can never be brought to awareness. It can be sobering to hear these unheard 

sounds for the first time, to understand some of their physiological effects, and to make the connection 

between these sounds and the human activities that are happening around us everyday. The interplay 

between what we hear and know to be real and what we chose to ignore highlights the cognitive 

dissonance that society currently holds towards these frequencies.  
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At the outset of this project, I was inspired by the desire of acoustic ecologists to harmonize the 

relationship between humans and their acoustic environments. Through my research, I began to 

question whether the biological sensitivity of humans corresponded with our “conscious” audibility of 

air vibrations, wondering if inaudible sounds might affect our physiology unconsciously. I wanted to 

know if the inaudible noise that we as humans produce affects our own health and wellbeing. Through 

this process of combining these interests and asking these questions, I can now see that what I was 

really fascinated by was the seamless collaboration of art, science, and technology, working together to 

articulate and contribute to our understanding of the world. 
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Appendix A 

 Together, myself and Arthur Firmino wrote a shader to render the map image with a wave 

distortion effect. The inputs for this shader were the wave centre location of the rippling wave, along 

with the wave’s frequency and amplitude. In the original patch, the pixel coordinates of the norm object 

would have been used to generate the shader by the image creation of the webcam, but in our modified 

patch, we used these other inputs to create the shader. The resulting effect was that the pixels closer to 

the centre of the ripple are more distorted. The coding used to make this happen was derived by 

considering spherical waves originating from a point source on a water surface above the map image. 

According to Arthur, this process involved “solving the wave equation to find the local orientation of 

the water surface at a given point, and using Snell’s law to trace a light ray incident on that point and 

find where the refracted ray lands on the map image.” The last detail in the shader process was to add 

some colour shadowing/brightening to enhance the wave effect and make it look more natural. 

 Outside of the OpenGL shader, we created a looping construct of lists of two-dimensional 

points (or two lists, one for each coordinate) using the table object in Max. We used the metro/counter 

objects set to a very fast interval to repeatedly bang this looping construct to compute the index of the 

point closest to the mouse. This index is then used to pass the corresponding point location to the 

shader as the wave centre, one of the three parameters needed for it to function. This looping construct 

was also used for other functionality. It was used to find the distance from the corresponding point to 

the mouse, which we then used to control the sound volume, sound playback (but only if the index 

changed so as to avoid the playback from restarting continuously every time the mouse moved), wave 

frequency and amplitude for the shader, the display of associated text in the bottom right hand corner, 

and the display and fade in/out of the image in the top left hand corner. 
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 In particular, to find the distance between the location point from the mouse point, we created a 

sub patch called “p location.” Inside the sub patcher, we found the length between the mouse 

coordinates and point coordinates by finding the difference between the x coordinate of the mouse and 

the x location point, squaring this number, adding this result to the same process with the y coordinates 

of the mouse and the location point, and finally taking the square root of the result of this. This 

calculation can be seen as an example below. 

#  

#  

#  

Where “m” is the mouse and “p” is the point. 

#  

This equation comes from Pythagoras, which states that 

#  

  

 As mentioned, Arthur and I put the location point coordinates into a table so that the table 

outputs the index by way of a counter/metro system continuously banging it. Once the distance 

between the location point from the mouse point is calculated in the sub patch, “p location,” it is then 

passed through an if statement in the main Max patcher window. If the distance to the current point is 

mouse − point = (−4, − 2)

x = xm − xp

y = ym − yp

length = x2 + y2

length2 = x2 + y2
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less than the minimum distance seen so far, the patch will update the “minimum distance” with what 

the minimum distance is currently. Every time the mouse moves, it resets the minimum distance seen 

so far to some arbitrary value (10,000) and then the counter/table combination loops over all the other 

location points in the table to find the closest point to the mouse position and updates the “minimum 

distance.” In other words, one of the if statements seen in the patch updates the current index number 

so that it is the index of the closest point, and the second if statement updates the distance of that point 

to the mouse, which (as mentioned earlier) is then used to control the playback of the associated 

location sound file from a playlist, the ripple amplitude and frequency, the pop-up text in the bottom 

right hand corner, and the display of the associated location image/video in the top left hand corner. 

Appendix B 

Additional field recordings were conducted on Saturday, January 5, 2019 starting at 1:52pm at 

the end of Canora Road next to the Victoria International Airport (see Figure 5 for exact location). The 

weather on this day was cloudy and 8 degrees Celsius. Several recordings were taken at this location 

based on the arrival and departure schedule on the airport’s website. Initially, smaller planes were 

active on the runway and several recordings of these planes took place over the first hour. Analysis of 

these recordings reveals that these smaller planes produce infrasound when taxiing around the runway, 

especially when at close proximity to the microphone. At around 2:54pm a recording was taken of a 

Delta plane takeoff, as well as a plane landing shortly beforehand. Analysis revealed infrasound was 

largely present for both these events, with considerable infrasound for the plane takeoff. At 3:20pm, 

another large plane of similar size and type took off that produced considerable infrasound. These 
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recordings were not analyzed for ultrasound presence due to the aliasing problem mentioned 

previously. 

On January 11, 2019, a fourth set of field recordings were taken at the pedestrian overpass at 

MacKenzie Interchange. Two locations in this area were taken on this day. One at 4:39pm directly 

above MacKenzie Road on the pedestrian overpass, the other taken at around 4:56pm down the hill 

from the overpass, about 30 feet to where the microphone could be placed at a level height to the 

vehicles on the highway. This location was on the Galloping Goose Trail right next to the Trans Canada 

Highway. The weather on this day was 10 degrees Celsius and partly cloudy, and the traffic was heavy 

at this time due to rush hour. These recordings were not analyzed due to the aliasing problem 

mentioned previously.
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