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Fig. 21.1 (previous page): A USP (three dimensional Microflown based sound intensity 
probe) is localizing a low flying helicopter. 

21.1 Introduction 

The term battlefield acoustics is used for acoustic applications for the 
army, defence, navy etc. The applications vary from source localisation, 
identification, border control (obviously in air but also under water), missile 
guidance systems to machine monitoring, problem shooting etc.  

Microflown technologies with its directional and extremely small 3D 
sound probes offer some new applications:  

• ground to air 
• air to air 
• ground to ground  
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• air to ground 
• air to underwater 
• etc. 

The type of acoustic signature of the source to be detected (localized, 
classified etc.) is of relevance for the detection technique to be applied: 
harmonic (like propeller, rotor blade, diesel engine), impulse (blast, 
explosion, gun shot, etc.), white like noise (e.g. jet engine), super sonic jet 
(aircraft, cruise missile), subsonic. 

The way these systems are used for instance attended, unattended, air 
deployed, self powered, non detectable, etc. is also a design parameter. 

Some examples are discussed here. 

21.2 Passive acoustic radar  

With the use of two (or more) USP sensors the location of an aircraft can 
be derived. The system can be seen as a passive radar for acoustic noise 
emitting objects. Several different detection techniques are available that 
are deployed for different situations. Some situations are summarized 
below. One of the outstanding features is that the acoustic radar operates in 
a passive manner and also without line of sight: is the direct sight of an 
aircraft is blocked by e.g. a mountain, it still can be detected and localized. 

21.2.1 Low flying propeller driven aircraft 

Low flying aircrafts are difficult to detect by traditional air defence 
systems and are therefore considered as a threat. The low flying aircrafts 
can be divided in several groups (divided on propulsion technique and 
airspeed). In this paragraph the low flying, propeller driven, subsonic 
aircrafts are dealt with. 

This specific group of propeller driven, subsonic aircrafts are also used 
usually for drones or unmanned air vehicles (UAV’s). This is because small 
aircrafts are adapted to operate as UAV’s. 

There are acoustic methods that are able to detect such aircrafts. With a 
single sound pressure microphone in the field signal processing methods are 
used to calculate the vertical angle, true rpm of propeller, closest point of 
approach (CPA) and speed of the aircraft is known. What is not known with 
the one pressure microphone methods is direction of flight. This is because 
a sound pressure microphone is omni directional. 

With an array of microphones the bearing of the plane can be derived 
too. Disadvantage of this approach is that the system becomes large and 
that the angular resolution is not very high. Apart from that the 
computation is more intense. 

With the use of two USP’s (a miniature sound probe that consist of three 
Microflowns and a miniature pressure microphone) it is demonstrated that it 
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is possible to localize and track a helicopter during flight, see Figure 9 and 
[1]. 

Localisation with USP sensors 

The probe distance is set 25.0 meter and the probes are placed 1.2 
meter from the ground (grassland). Measurements are performed for 
helicopter movements (Eurocopter EC 120) during landing and take off. The 
27Hz component, which is the blade-passage frequency of the main rotor, 
running at 410 rpm is used for detection. 

 

Fig. 21.2: Acoustic eyes measurement of a civil helicopter (EC 120). One measurement 
location is close to the operators and the other is place 25 meters apart. 

 

Fig. 21.3: Vector components (x,y,z) of the two probes as a function of time. 
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The vector components of both vectors measured at the probes during a 
measurement of helicopter landing during 60 seconds are given in Fig. 21.3. 
The blue line indicates the component at each time interval of 0.1s. The 
green line is a moving average result which smoothes the random vector 
variations. 

 

Fig. 21.4: Trajectories of the helicopter during landing. 

Some results for the reconstructed trajectory during landing are given in 
Fig. 21.4. Also the moving averaging procedure is applied to the found 
location as a function of time during landing. The trajectories are close to 
the real trajectories of the source. 

Lloyd mirror effect and Doppler shift 

If the signals of a single microphone are visualized in the time-frequency 
representation, two noticeable effects play a role. The Doppler shift of a 
passing aircraft is seen and the so-called Lloyd mirror effect. 

The Doppler shift is a known phenomenon. When a source is 
approaching a listener the sound contents is of higher frequency than if a 
source is moving away from the listener. In the time frequency 
representation of the sound pressure this effect can be seen clearly. 

In Fig. 21.5 the time-frequency signals of the four sensors of the USP are 
shown that are caused by a low flying propeller driven aircraft is shown.  

The left upper graph shows the sound pressure signal. The harmonics of 
the propeller can be clearly seen as horizontal lines. At 47 seconds the 
harmonics lower in frequency due to the Doppler shift: the aircraft is 
passing. 

The sound pressure signal is cluttered with a lot of random reflections. 
This is not seen with the velocity signals. This is advantageous for the signal 
processing, it makes it more robust. 

The acoustic signal frequency spectrum (Fig. 21.5) is dominated by the 
propeller rate harmonics.  A model for the apparent frequency (Doppler 
frequency) fi(t) measured from a stationary microphone is given by: 
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where fa = source acoustic frequency, c = speed of sound in the medium, 
va = velocity of the aircraft (assumed subsonic), h = closest point of 
aircraft, t is the time. 

With the above mentioned equation of the Doppler shift the closest point 
of aircraft (CPA), true source acoustic frequency (to be able to identify it) 
and the speed of the aircraft can be determined. It however not possible to 
determine the heading of the aircraft. 

The heading is very important to be known and can be delivered easily 
with the particle velocity signals. Apart from the heading, the signal to noise 
level of the measurement improves if both sound pressure as particle 
velocity is measured. This will extend the range of detection.  

With an array of pressure sensors it is also possible to determine the 
heading but the signal to noise ratio is then poor (lower range of detection), 
the accuracy is limited (not a precise determination the heading) and the 
system will be much larger than a single USP. 
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Fig. 21.5: Time frequency visualisation of the sound emitted by a low flying propeller 
driven aircraft. Upper left: sound pressure, other graphs: particle velocity in three 
directions (upper right: normal direction). 

The Lloyd mirror effect is seen in Fig. 21.5 but vague. In Fig. 21.6 the 
effect is seen more clearly: a parabolic signature is seen in the time 
frequency representation of the sound pressure signal. 



Battlefield acoustics 

 

21-7 

 

Fig. 21.6: Time frequency visualisation of the sound emitted by a low flying propeller 
driven aircraft. The Lloyd mirror effect is shown as the parabolic shapes. 

The Lloyd mirror effect shows the destructive and constructive 
interference frequencies. This information can be used to find also (just as 
the Doppler shift) the closest point of aircraft and the speed of the aircraft. 
An extra parameter that can be found with the Lloyd mirror effect is the 
vertical angle. 
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Fig. 21.7: explaining the Lloyd mirror effect 

Conclusion: with a pressure a low flying propeller driven aircrafts can be 
detected and some quantities of the source can be determined. If 
Microflowns are included a very important figure, the heading, is added. 
Apart from that, the range of detection and the quality of the measurement 
is increased. 

With arrays of pressure sensors the heading can also be determined but 
with less accuracy, lower signal to noise ratio (lower quality) and the size of 
the array is large. 

21.2.2 Cruise missiles 

Typically cruise missiles launched from ships and therefore can be 
treated as a low flying, (sub- or) super sonic, jet noise, source over water. 
An early detection should be done when the missile flies over water and 
sonar buoys can be used for that [8]. 



Battlefield acoustics 

21-8 

Hydrophones are used now. Now a network of buoys are required to find 
bearing. If bearing alters this method fails. 

In combination with (in air) particle velocity probes, the bearing can be 
calculated at each buoy. This gives an instantaneous result, more accurate 
result, and changing bearing is no problem (so more robust method). 

  

Fig. 21.8: An array of sonar buoys can detect the heading of a cruise missile. If 
Microfowns are used only single buoy is required. 

21.2.3 Low flying jet aircrafts 

Low flying jet aircrafts have a complete different signature as propeller 
driven aircrafts. Only the Lloyd mirror effect can be used because the 
source produces a broad band signal. The heading of the aircraft, the 
closest point of distance and the speed of the aircraft can be determined 
with a single USP sensor (USP=three dimensional velocity plus sound 
pressure sensor). 

 

 

Fig. 21.9: USP Measurement on a ship. 
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21.3 Precision guided munition (PGM) 

It is possible to acoustically target a source (e.g. armoured vehicle). This 
is e.g. shown in a brilliant anti-armor (BAT) munitions developed by 
Northop Grumman, see Fig. 21.10. This acoustic system is used to find 
rough direction. Other sensor are used for precision. 

If a Microflown sensor is used, the need for the fins is vanished because 
a single USP in the nosecone is sufficient to do the task. Advantaged are the 
smaller size, the better deplorability and the improved accuracy. 

 

Fig. 21.10: four microphones are used to acoustically find a target. 

See also: 

http://www.designation-systems.net/dusrm/app5/viper-strike.html 

http://www.designation-systems.net/dusrm/m-155.html 

21.4 Acoustic sensors in Unmanned air vehicles 
(UAV) 

If one want to apply directional acoustic sensors in an UAV it is possible 
to use sound pressure microphones. However array techniques (that is 
required with pressure transducers) require space (an array should be large 
compared to the wavelength), the array techniques require considerable 
computing, a small array (less than 1 meter) lacks directionality and the 
noise of the UAV itself is difficult to suppress. 
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Fig. 21.11: If sound pressure sensors are used one need a considerable size and weight.  

The advantage of Microflowns is that the required directionality can be 
delivered with a ultra small and lightweight three dimensional sensor. The 
sensor is directional and therefore the noise of the UAV (e.g. engine) can be 
suppressed. 

 

Fig. 21.12: An ultra small three dimensional Microflown plus pressure sensor. Size 
2mm*1mm*5mm. Weight order: one gram. 

An acoustic sensor in an UAV can be used for several purposes. Some are 
listed below. 

21.4.1 Situation awareness 

A directional sensor in the air can perform different tasks. It is possible to 
acoustically map a battlefield situation by locating and classifying all sources 
that are below a UAV. It is then possible to find e.g. gunshots, armoured 
vehicles, etc 
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21.4.2 Acoustic miss distance indication system for target 

drones 

Nowadays drones or UAV’s are used for target practicing. Of course it is 
unwanted that the drone is hit so a target is towed 1500 meters from the 
drone. An acoustic scoring system is used to measure the closest point of 
path. This is done with the aforementioned methods. However if the 
complete path of the practice missile is known, a much better estimate of 
the miss can be made allowing the practice much more effective.  

 

Fig. 21.13: a UAV is towing a target. In the target a system determines the path of a 
practice missile. 

21.4.3 Air based gun shot localisation / Sniper detection 

Very small and lightweight slow flying (possibly hovering, aerostat, 
balloon) UAV’s can be used to scan a certain area from the air. A gunshot 
will be localized with that. Because of the light weight Microflown, the 
payload is low and the UAV can be kept small. 

21.4.4 UAV Acoustic Collision-Alert System 

With the three-dimensional Microflown it is possible to find acoustic 
sources in all directions and it is also possibly to estimate the distance to 
the source by using the phase shift of the sound field. 

See also: http://www.sara.com/ISR/UAV_payloads/PANCAS.html 

21.5 UAV guidance 

21.5.1 Ground based sensor for navigation unmanned air 

vehicles (UAV) 

If UAV’s are controlled, the uplink or downlink of communication is 
sometimes lost. When this happens, an acoustic localisation method is able 
to locate and track the rogue UAV.  
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21.5.2 Ground based sensor for take off and landing (Automatic 

take of landing ATOL) and Unmanned air vehicles (UAV) 

Just after UAV take off the communication with the aircraft is 
problematic. This is caused by ground reflections and interference in the 
radio link. An acoustic localisation method is able to locate and track the 
UAV. 

System known as: Automatic take of landing (ATOL) 

21.6 Perimeter defence / Border control 

With the Microflown Technology it is possible to make a unmanned 
border control system. A pressure sensor can be used to detect and classify 
vehicles, the Microflowns can monitor the location, speed etc. of vehicles. 

If for example a road is monitored one can detect if vehicles stopped (to 
unload unwanted equipment) at a certain point and generate an alert. 
Before the alert the sensor is fully passive and does not generate a signal 
whatsoever.  

It is also possible to differentiate between cars and aircrafts and find out 
the direction (so outward movement vs inward movement). 

21.7 Helicopter blind landing 

The Microflown based passive acoustic radar system can be used for blind 
landing of helicopters. Two possibilities are mentioned here: 

• Helicopter blind landing near by a ground base 

• Helicopter blind landing in unknown terrain  

21.7.1 Helicopter blind landing near by ground base 

If a landing becomes difficult, it is possible to assist the landing with an 
acoustic guidance system that is used at the landing site. The acoustic 
signature will give the position of the helicopter and this can be radioed to 
the pilot by the ground base. 

21.7.2 Helicopter save white out landing in unknown terrain 

If a landing becomes impossible due to a (snow) white out or a (sand) 
brown out, and a ground base is not available, it is possible to use an 
acoustic guidance system.  
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The system must be dropped from the helicopter and it will transmit to 
the helicopter (some) information on the terrain. This can be done by the 
acoustic reflections that are measured. 

Apart from that it is possible to determine the bearing to the sensor and 
the distance to the sensor. 

The distance to the sensor is determined by using the phase shift of the 
particle velocity and the sound pressure. If the helicopter is far from the 
source the phase shift is zero, if it is close the phase shift is 90Degrees. This 
way of distance measurement is only possible when the aircraft is closer 
than 50 meters. 

21.8 health and usage monitoring / trouble 
shooting 

In health and usage monitoring (HUMS) vibration sensors 
(accelerometers) are used for condition monitoring. Usually this is done in 
lab conditions. Accelerometers must be attached to a surface, this makes a 
quick survey of a problem digfficult. 

With the Microflown Technology it is possible to extract the same 
information as an accelerometer but the sensor does not have to be 
attached to a surface. With this technology a surface can be quickly scanned 
and structural problems (cracks, bearing problems, axis/shaft alignment 
problems) can be found fast [11]. 

In a battlefield situation where a proper aircraft maintenance centre is 
not available this hands on technique is a viable option. 

21.9 Wireless communication of acoustic signals 

In a battlefield situation acoustic signals have to be transmitted to be 
processed as an array. In a traditional approach the signals of a high a 
number of microphones is required to get directional information. This 
method requires a high level of synchronization of high bandwidth signals 
(40kHz per channel) witch is not straightforward. 

With Microflown technology the directional information is directly known 
so the processing can be done at the sensor and transmitted. No 
synchronization is required an and the information is of low bandwidth.  

Old: high data rate and synchronization is required. Only bearing is 
known. New: low data rate and no synchronization is required. Only bearing 
and position is known. 
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21.10 Gun shot localisation / Sniper detection 

In the past ten years, in-air acoustic sensor systems have been 
developed for the localization of small arms fire. A number of countries have 
systems at different stages of advancement that they have deployed on 
operations. These systems are being mounted on vehicles to provide crews 
with better situational awareness, thereby enhancing crew safety and force 
protection. The acoustic system is starting to be incorporated into vehicle 
equipment as a standard item, especially in new vehicles [15]. 

21.10.1 Gunshot localization with an acoustic vector sensor 

A gunshot usually generates two types of acoustic signatures, the muzzle 
blast and the shock wave of the supersonic bullet. An impression of the 
sound pressure wave is shown in Fig. 21.14. The pictures are made with a 
schlieren technique and are found at [18].  

The Fig. 21.14 left picture shows a bullet with a supersonic speed that is 
shot with a rifle. The muzzle blast is seen as a spherical shape indicating 
that the sound wave propagates omnidirectional and the bullet emits a v-
shape shock wave front. It can also be seen that the bullet is faster than the 
speed of the muzzle blast wave front. The shockwave is seen in more detail 
in Fig. 21.14 right. The shock wave is clearly seen and behind the bullet a 
trail of pressure variations is seen.   

  

Fig. 21.14 left: Bullet’s v-shape shock wave and the omni directional muzzle blast wave 
front. Right: a bullet travelling at supersonic speed creates a v-shaped shockwave. From 
[18]. 

Muzzle blast 

A conventional firearm uses a confined explosive charge to propel the 
bullet out of the gun barrel. The hot, rapidly expanding gases cause an 
acoustic muzzle blast to emerge from the barrel. This acoustic disturbance 
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lasts 3-5 milliseconds and propagates through the air at the speed of sound 
(c) [17].  

The muzzle blast is not necessarily a reliable acoustic source for analysis. 
For most firearms the sound level of the muzzle blast is strongest in the 
direction the barrel is pointing, and decreases as the off-axis angle 
increases. The blast may also be obscured by barriers and other obstacles 
blocking the direct path between the firearm and the microphone location. 
Furthermore, some firearms can be equipped with an acoustical suppressor 
(“silencer”) to alter or reduce the muzzle blast sound level [17]. 

Acoustic shock wave 

A second source of acoustic information is present if the bullet travels at 
supersonic speed, V>c. The supersonic projectile causes an acoustic shock 
wave that propagates away from the bullet's path. The shock wave expands 
as a cone behind the bullet, with the wave front propagating outward at the 
speed of sound. The shock wave cone has an inner angle, θM = arcsin(1/M), 
where M=V/c is the Mach Number. θM is referred to as the Mach angle. With 
a very fast bullet, M is large and θM becomes small, causing the shock wave 
to propagate nearly perpendicularly to the bullet's trajectory. The shock 
wave geometry is shown in Fig. 21.15 [17]. 

 

Fig. 21.15: Supersonic bullet shock wave description [17]. 

The acoustic shock wave from the bullet has a very rapid rise to a 
positive overpressure maximum, followed by a corresponding under-
pressure minimum. As the shock wave propagates the nonlinear behavior of 
the air causes the pressure disturbance to form an "N" shape with a rapid 
onset, a ramp to the minimum pressure, and then an abrupt offset. The 
time interval, T, of the "N" wave between the maximum over- and under-
pressure instants is proportional to the size of the projectile. An expression 
for the “N” wave time interval is given by: 

1

4

1.8
d Mx

T
c l

  
≈   

  
 (2) 

where d is the bullet diameter, l is the bullet length, c is the speed of 
sound, M is the Mach number, and x is the distance between the bullet’s 
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trajectory and the microphone at the point of closest approach 
(perpendicular distance between the bullet’s path and the microphone) 
[17]. 

A Winchester 308 rifle was fired horizontally in a direction perpendicular 
to the plane of two omnidirectional microphones mounted 0.3m apart and 
1.6m above the ground. The rifle was fired from shoulder distance of 6.3m 
from the plane of the microphones [17].  

The bullet crossed the microphone plane 3.7 meters from the nearest 
(“left”) microphone. The bullet speed (V) for the particular ammunition used 
was 831.5m/s and the speed of sound (c) was 328m/s at approximately 
-7°C. The resulting Mach number (V/c) was 2.54, giving a Mach cone angle 
(θM) of 23.2°. The geometry is shown in Fig. 21.16. 

   

Fig. 21.16 left: Test recording geometry (not to scale). Right: two-channel audio 
recording (solid=left, dash=right) from [17]. 

A typical acoustic detection problem involves estimating the bullet's 
shock wave trajectory, then deriving the azimuth, elevation, and (perhaps) 
distance of the shooter with respect to a reference point. A single 
microphone at a known location can determine the relative arrival time of 
the projectile’s shock wave, the muzzle blast, and the ensuing acoustical 
reflections. Two microphones can estimate the elevation and distance of the 
bullet trajectory with respect to the known microphone locations, but the 
orientation of the trajectory and the bullet's speed are still ambiguous. 
Thus, in general, a set of at least four spatially distributed microphones are 
necessary [17]. 

21.10.2 9mm handgun initial range measurement 

In semi open field a 9mm handgun was measured with an USP, see Fig. 
21.17. The aim of this measurement was to find the bearing of the gunshot 
in real time and to determine the measurement range. The measurements 
where taken up to 1km. In this paragraph only the measurement range is 
shown. (The bearing could be displayed easily in real time up to 1km). 
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Fig. 21.17: Left: satellite picture of the measurement area, right USP with the wind cover 
down (during the measurements the cover was up). 

Below the recorded time data of four shots is displayed. The signals are 
recorded with a M audio sound card with 24bits resolution and 96kHz 
sampling rate. The signals are high pass filtered with a corner frequency of 
175Hz with a FFT filter algorithm with the software ‘Cool Edit Pro’ (-50dB 
attenuation below 175Hz). The lower two signals are amplified 100 times in 
the software. 

The signal to noise ratio (S/N) is determined. The ‘noise level’ is taken as 
the signal before the gunshot, the ‘signal’ is the highest level that is 
measured during the gunshot. 

At 50meter distance a S/N of 550 was measured. At 200 meter the S/N 
drops to 170. At 750 meter the S/N was 70 and at 1km the S/N is 45. From 
this measurements it can be concluded that a 9mm handgun can be 
detected easily (a S/N of 45 is still very large) up to 1km. If the values may 
be extrapolated, it can be assumed that a 9mm handgun can be detected 
and localized up to 3km in an open field such as shown in Fig. 21.17. 

   

   

Fig. 21.18: Gunshot signals measured in open field at several distances with a Microflown. 
Upper Left: 50 meter distance; upper right: 200 meter. Lower left: 750 meter lower right 
1km distance. 
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21.11 Sound ranging 

In land warfare, sound ranging is a method of determining the 
coordinates of a hostile artillery battery using data derived from the sound 
of its guns (or mortar or rockets) firing. The same methods can also be 
used to direct artillery fire at a position with known coordinates [19]. 

Sound ranging was one of three methods of locating hostile artillery that 
rapidly developed in World War I. The others were air reconnaissance (both 
visual and photographic) and flash spotting. 

Sound ranging using aural and stop-watch methods had emerged before 
World War I. Stop-watch methods involved spotting a gun firing, measuring 
the bearing to it and the length of time it took the sound to arrive. Aural 
methods typically involved a man listening to a pair of microphones a few 
kilometres apart and measuring the time between the sound arriving at the 
microphones. This method appears to have been used by the Germans 
throughout that war, but were quickly discarded as ineffective by the 
western allies. These allies developed scientific methods of sound ranging 
whose descendants are still used. 

The basis of scientific sound ranging is to use pairs of microphones to 
produce a bearing to the source of the sound. The intersection of these 
bearings gives the location of the blast. The bearings are derived from the 
differences in the time of arrival at the microphones. 

Traditional sound ranging systems have some problems: 

1. the speed of sound varies with temperature. Wind also introduces 
errors. There are means by which to compensate for these factors. 

2. at a distance, the sound of a gun is not a sharp crack but more of a 
rumble (this makes it difficult to accurately measure the exact arrival 
time of the wavefront at different sensors)  

3. guns cannot be located until they fire  

4. artillery is often fired in large numbers, which makes it difficult to 
determine which wavefront is associated with which artillery piece  

5. every microphone has to be emplaced and very accurately surveyed 
to find its coordinates, which takes time  

6. each microphone has to have a communication channel to the 
recording apparatus, before effective radio links appeared this meant 
field cable, which had to be laid and maintained to repair breaks from 
many causes  

These problems are overcome with Microflown technique: 

1) the vectors are aiming towards the source: no time delay required 

2) the vectors are aiming towards the source: no time delay required 
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3) same problem 

4) no array is required, due to the local bearing finding each point gives 
direct an answer. So this problem is overcome 

5) this is not required any longer 

6) Only the bearing info is transmitted 

21.12 Air-to-ground source localisation 

A three dimensional sound probe based on three ½” PU-mini probes is 
mounted in a windscreen (see also chapter 12: “DC flow, Protection & 
Windshields”). This setup is mounted under the steps of a helicopter, see 
Fig. 21.19. The signals of the probe are recorded with a multi channel sound 
card and a laptop that is placed inside the helicopter. On the ground a 
impulse sound source was deployed on a known location, see Fig. 21.20 

 

Fig. 21.19: A three dimensional is mounted on a PLZ W-3A Sokol helicopter (Swidnik) in a 
first test of air-to-ground source localisation. 
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Fig. 21.20: Impulse source at known location. 

The pressure element that has an upper limit of 100dB was overloaded 
during the flight but the Microflown elements that have a upper limit of 
125dB was not overloading. 

21.13 Human array 

Direction finding in helmet 

In a traditional approach the signals of a high a number of microphones 
is required to get directional information. This method requires a high level 
of synchronization of high bandwidth signals (40kHz per channel) witch is 
not straightforward [16] 

With Microflown technology the directional information is directly known 
so the processing can be done at the sensor and transmitted. No 
synchronization is required an and the information is of low bandwidth.  

21.14 Air deployed acoustic sensors 

The Microflown technology can resist high G-forces and can therefore be 
used as a air deployed sensor (sensor dropped from an aircraft or shot from 
a distance). 

Because the sensor is three dimensional, the orientation of the sensor is 
not important (the sensor operates in any position). It is even possible to 
measure the orientation from the Microflown signals as they can be used as 
level sensor [12].  
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21.15 Localisation of acoustic sensor (node) 

If a sensor is dropped, the location is unknown in first instance. If a 
helicopter is passing the sensor, it can be traced and therefore the relative 
position of the sensor is known. With the position of the helicopter known 
(GPS), the sensor position is known.  

21.16 Cuing of video 

Image sensors are power consuming and require a high data rate. If the 
video image is triggered by an ultra low power pressure microphone that is 
full time operational, it can trigger the Microflown sensor to operate that will 
give the direction where to look for the video image. 

21.17 Underwater acoustics 

With the Microflown technology it is possible to measure the acoustic 
particle velocity in air. In cooperation with Thomson some R&D effort was 
taken to find out if the Microflown technology can also be used under water. 

It showed that this is possible in principle but that the actual realisation 
for in air use is not suitable for under water use. New R&D is now started to 
create a Microflown for under water use.  

Traditional underwater vector sensors developed for DIFAR Sonobuoys, 
encompassing both military and civilian applications are over 25 years old 
with limitation in operational frequency band, sensitivity and poor horizontal 
angular resolution and they are not commercially available as sensors but 
as a part of operational navy systems (Sonobuoys). 

21.17.1 Hydroflown for underwater harbour protection 

Nowadays a real threat is found by a terrorist attack of harbours by 
divers that want to blow up tankers. Divers are located by reflections of 
their lungs. Problem with normal hydrophones is their omnidirectional 
behaviour that makes it impossible to locate echoes in shallow water.  

Traditional systems are based on deep sea and single source’s (the one 
other submarine..). The problem in harbours is that the sound waves are 
longer than the depth and that traditional method do not work. Sensors 
must be directional to be able to find sources. The Microflown can be altered 
so that it measures under water. 
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21.17.2 Hydroflown for underwater harbour protection 

With a single underwater sound pressure transducer (hydrophone) it is 
possible to extract seabed information. A simple propeller driven aircraft is 
used as source [10].  

 

Fig. 21.21: with  

If underwater velocity sensors are used, much more information can be 
retrieved with more detail. 

21.18 Outlook on applications 

The first application that comes in mind is the passive acoustic radar, 
with the use of two AVS’s multiple sources can be localized at once and the 
position can be found without a line of sight requirement. The acoustic radar 
is passive which makes it impossible to detect. A line of spaced (e.g. each 
5km) acoustic radar units can be used for e.g. border control. Each unit 
can operate autonomously and will only transmit location and heading 
information when required. Each AVS plus signal processing plus data 
transmitter can be very small (few cubic centimetres) and has low power 
requirements so it can e.g. be solar powered. 

Telemetry and radar based tracking methods are usually not very 
suited for the short range. In such applications the acoustic radar can be 
used as an add on. 

A single AVS can also be used for camera aiming/cuing. If e.g. a plane 
is detected a camera can be aimed towards the plane so that a picture can 
be transmitted for human assessment of the threat. 

Gun shot localization is also an application that only makes use of the 
amplitude data of the AVS. Because of this the method is very robust so 
that the position of the AVS’s is not very strict. It can therefore be used for 
situation awareness of e.g. a convoy.  

It is even possible to apply an AVS in a military suit so that the 
combined info of a unit of soldiers leads to the localization of acoustic 
events (e.g. gunshots or truck movements). 
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Because the AVS is directional in a three dimensional way, it is possible 
to apply the technique on a noisy vehicle and still be able to find external 
sound sources. The vehicle is just seen as a single source and therefore the 
other sources can be separated. An array of two AVS’s that uses the full 
data set can be applied on a helicopter, an unmanned aerial vehicle 
(UAV), or missile. This creates the ability for air to ground localization 
(this is not possible with a set of pressure microphones because of the 
omni-directionality of the sensors).  

The air to ground system is investigated to find enemy fire in order to 
give the pilot a quick idea of the direction of the threat.  

Because of its low mass, it is possible to deploy an AVS in an aerostat 
(e.g. a helium filled balloon) so that it can be used for compound control. 
Such devices are rapidly installed and with the (extra) use of an AVS the 
environment of a compound can be quickly secured. Again, the AVS data 
can also be used as an overlay of optical camera data from the aerostat. 
The overlay regions can be highlighted drawing attention on a possible 
threat. 

A Microflown based underwater sensor is under development. Harbor 
protection from divers is a foreseen application with such underwater 
AVS’s. Underwater acoustic sources like the breathing of divers can be 
detected and localized. It is also possible to ‘illuminate’ the lungs of divers 
as they appear as reflections in underwater acoustics. The same application 
can be used to protect valuable sites like oil rigs, oil tankers, cruise ships, 
etc.  
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