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ABSTRACT

The need for acoustic instrunentation to gather signatures under prohibited
weat her conditions or hostile natural and man-made barriers led to the
pl acenent of nicrophones bel ow the ground surface. This paper will show how
the i dea was conceived and its initial inplementation. Testing of the
device at various sites will show its performance as an acoustic signature-

gat hering sensor. Equations will be presented to describe its performance.
Further evolution of the sub-surface mcrophone will be discussed and sone
applications for the device will be shown.
SECTI ON
| NTRODUCTI ON

The subsurface m crophone resulted froma need to collect acoustic
signatures in environments where anbi ent noise | evels negated the use of
surface acoustic sensors. Four years ago | began using an earlier design of
t he subsurface sensor. Collocating the device with other seisnic, acoustic,
and nmagnetic sensors was a good way to conpare data and check its

per f or mance.

The initial intent was for detecting an acoustic signal and deternmine if

si gnal - processi ng techni ques could be used. Initially, the m crophones were
attached to a piece of plastic pipe and placed in the upright position
Gradual ly, the idea evolved to point the m crophone downward; provided an
acoustic product that was of good quality. Some limtations were

i medi ately observed. The nost significant observati on was dependency of
the soil filter characteristics. The fact that the neighboring soil behaves
as a low pass filter was not a problem since nost vehicular traffic of

i nterest operates in that frequency range. Numerous acoustic data sanples
have been coll ected using these underground devices with good results. Now
the technical presentation of the subsurface m crophone foll ows.

SECTI ON 11
DESI GN OF THE SUBSURFACE M CROPHONE AND | TS USE

The subsurface mi crophone consists of mcrophone nounted inside a PVC
(plastic) piece of pipe one-nmeter long. The dianeter of the plastic pipe is
1.25". A perforated plastic cap covers the end that points downward. Near
the perforated cap, on the inside, a m crophone is nmounted in a w ndscreen
The wi ndscreen is designed to protect the nicrophone. The anplifier

el ectronics are located in the upper part of the pipe. This area is outside
and near the ground surface where access can be gained for attaching

cabl es, changing batteries, etc. Figure 1 shows the sub-surface nicrophone
and the various parts.
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2-1 PREPARI NG THE SI TE AND | NSERTI NG THE M CROPHONE | NTO THE CAVI TY

A cavity a nmeter deep and ten inches in dianmeter is adequate to accomodate
the sensor. The subsurface mcrophone is inserted and an inner tube used to
isolate the device fromthe surroundi ng ground surface. The sensor can be
used as a single unit or in nmultiples of three to determi ne bearing.

Fi gure 2 shows the subsurface m crophone being placed in the data gathering
position. In this pictorial the subsurface m crophone is being inserted
into the cavity. See Figure 2-2.



Fighre 2-2. The Subsurface M crophone About to be Inserted in the Cavity
for Acoustic Data Gat hering Purposes

2-2 THEORY OF OPERATI ON

The Subsurface m crophone takes advantage of its inmediate environnent to
operate. It uses a vertical cavity (hole) in the ground to collect
acoustic data. Once the device is inserted into the ground, it is isolated
fromall the surrounded soil surfaces. An approach that has been suggested
to describe its performance is its simlarity to a Hel mholtz Resonator. The
foll owing equation is now presented in Figure 2-3.



Given a cylinder where,
Radius = a
Depth =d

fo = co/2n (s/L' vy

Q=2M[V(L'/9)3 %

For an open hole,

S=na?
L'=1.7a
V = MNa?d

For resonance,

fo= Col2M (S/L'V)%

fo = Co/2M (Ma?1.7a Ma2d)¥% = Co/ 2M (1/1.7ad)%:
fo 00.1221 Co/Mad

fo O (1/8.2)(CollMad)

O let a = Y%nneter

d =1 neter

foU58.7 Hertz

Figure 2-3. Helnholtz Resonator Equation Used to Typify Subsurface
M crophone Cavity, Calculation for Resonance

SECTION | |
SI GNATURES FROM THE SUBSURFACE M CROPHONE

Up until now the subsurface m crophone has been used in nunmerous tests.
Anmong these are nilitary vehicle detection, helicopters, bonbing raids,

sni per tests, fixed wing mlitary jet aircraft, |ocation of bunkers and
shelters, Howitzer fire, subsurface |location of UXO range scoring systens,
expl osions, etc. These have been acconplished with good results in various
types of terrain. The terrain ranged fromsand, clay soils, frozen soils,



and solid rock. Despite the variations of soils, the subsurface m crophone
continued to provide good quality signature data. Sanmples of these data are
now present ed.

3-1 MEPPEN TEST FACI LI TY ACOUSTI C TESTS

The purpose of the test was to deternmine the effects that a warhead woul d
have agai nst a SA-6 stationary vehicle configuration. These signatures were
collected to determne the health of the SA-6 Radar (operating engine,

el ectrical system radar, etc.) when a warhead is detonated in the
vicinity.

The subsurface m crophone had its first test in the international arena. It
was at the Meppen Test Facility, Meppen, Germany where the sensor proved
itself. An initial survey of the test range showed that background noise

| evel s were higher than expected. Thus an acoustic device that woul d negate
background noi se and coll ect the necessary acoustic data was needed.

Acoustic signatures were collected froma stationary SA-6 Radar test
vehicle at the Meppen Test Facility, Meppen, Germany. The test vehicle was
operated with the engine in the idle node, the auxiliary power unit (APU)
running, and the radar emmnating one Watt of power. A dummy |oad was used
on the radar to decrease the output power. The acoustic sensors were

depl oyed above and bel ow the ground surface in the far field.

Geogr aphi cal pl acenent between the subsurface sensors and the SA-6 Radar
test vehicle, placed these passive sensors at a di sadvantage. For exanpl e,
t he vehi cl e exhaust and APU ports faced away fromthe acoustic sensor
array. Furthernore, the body of the vehicle behaved as an acoustic shield
bet ween the vehicle and the engi ne exhaust. It was noted that acoustic
background noi se | evel s were higher than expected. This was attributed to
aircraft, a nearby rail systemand tinme of the day. Despite these

i mpedi ments, the subsurface m crophone findings are very encouragi ng.

The acoustic sensors in the far field were placed 150 neters fromthe
vehicle. Sonme of these devices were buried one nmeter deep and the ot her
sensors were placed on the ground surface. Thus, the sensors were

col located. The technique later allows analysts to correlate buried and
surface data to determ ne signature attenuation factors.

3-2 ACOUSTI C BACKGROUND NO SE LEVELS

These were found to be higher than expected. It is preferred to work with
noi se |l evels of 40dB re 20uPa or |ess. The background noise |levels at the
site averaged 50dB re 20uPa. Figure 3-1 shows the background noise |evels
fromm crophones M1 (buried) and M8 (surface). Noise created by the

wi nd, natural phenonena, and nan nade objects easily couples into the
ground and can be sensed by m crophones.
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Figure 3-1. Acoustic Background Noi se Sanple from M crophones M1
Subsurface and M 8 Subsurface Respectively

3-3 SUBSURFACE ACOUSTI C SAMPLES FROM THE WARHEAD DETONATI ON AND THE SA- 6
VEHI CLE

Prior to doing any data analysis it is advisable to | ook at the anal og data
streamin the time domain. This is necessary so that a time history of the
events can be placed in perspective. Figure 3-2 shows this. The data from
m crophone M1 subsurface nicrophone was used for this purpose.
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Figure 3-2. Acoustic Data from M crophone M1 Subsurface M crophone Shows
Signal Time History
Figure 3-3 shows the pictorial of the warhead detonation depicted in the

acoustic time line history in Figure 3-2.



Fi gure 3-3 Detonation of Warhead

Four seconds follow ng the warhead detonation, the engine firing frequency
fluctuated between 117.00 Hz and 117.50 Hz. Periods of distortion were
evident in the acoustic spectra. This caused the engine revol utions per
mnute (rpm to increase in value and vary from50 to 100 rpm Sone of the
el ectrical systenms in the SA-6 Radar are shared systens. Thus it was
necessary for the engine to try to conpensate as fuses were bl owi ng and
breakers popping. This accounts for the engine acoustic variations that
took place thus affecting the acoustic spectra shown in Figure 3-4.
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Figure 3-4. Acoustic Signature fromthe Subsurface M crophone Foll ow ng
War head Det onati on



SECTION |V
ACOUSTI C DATA FROM A GERVAN UNDERGROUND SHELTER

Subsur face m crophone background neasurenents showed that the electrica
activity fromthe nearby German shelter had been collected. These sanples
consi sted of 50-hertz data common in European electrical systens. Figure 4-
1 shows the acoustic data fromthe subsurface m crophone. Figure 4-2
depicts the shelter.

AL CH1 Pwr Spec X: 60 Hz Y73 3933 %
100
dBSPLrms

50-HERTZ
R
dB Mag
10
=g i
/dav
/\ il 4\ A

VTN R VLA Ll I AV YN R A |
[ . e

—_—
—
—t
e

(0]
dBSPLrms

3HZ 203Hz

Figure 4-1. Gernman Underground Shelter Electrical System Acoustic Sanple

Figure 4-2. German Underground Shelter at the Meppen Test Facility



SECTI ON V
Al RCRAFT ACOUSTI C SI GNATURES FROM THE SUBSURFACE M CROPHONE

The detection of airborne aircraft is an area where the subsurface

m cr ophone excel s. Noi se from airborne platforns couples into the ground
and is easily detected by the subsurface m crophone. Single engine airborne
acoustic sources, which fly near the ground surface (8000 feet) are
typical. The subsurface nicrophone is dependent on the filter
characteristics of the soil to elimnate and mnin ze background noi se

| evel s. The sane soil characteristics that mnimze acoustic background
noise aid as a filter in allow ng frequencies of 1000 hertz or |less to bhe
detected. Figure 5-1 shows the acoustic signature from an airborne

pl at f or m
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Figure 5-1. Detection of Acoustic Airborne Source Using the Subsurface
M cr ophone

The acoustic sanmple in Figure 5-1 was filtered using a band pass filter
from400 to 800 hertz to achieve the desired result. This was done to
capture the area of interest. The airborne platformwas a single engine
aircraft flying at 9,000 feet.

SECTI ON VI
SUBSURFACE ACQOUSTI C SI GNATURE FROM A M LI TARY VEH CLE

The Subsurface m crophone has been used to coll ect acoustic signatures from
vehicles of military interest at distances of two to three kiloneters.
Acoustic spectral findings show substantial harnonic detail in the analysis
product. Figure 6-1 shows the acoustic product froma 12-cylinder diese
engi ne at one kilometer fromthe subsurface acoustic sensor



i 74 Hz ¥ 83. :
1186 z : : : : : 48:72 :
dBESPLrms : : : :

1A
dESPLrms

1Hz 4@1Hz

Figure 6-1. Acoustic Data Sanple fromthe Subsurface M crophone. Data
Sanpl e shows Engi ne Harnonics from 12-Cyl i nder Di esel Engi ne.

A study of Figure 6-1 shows the definition of the harnmonic content in the
data sanple. The influence fromthe soil filter characteristics is shown.

SECTION VI
SUMVARY

Acoustic sensors are passive, non-line of site devices that have a place in
the detection and classification of mlitary vehicles. The use of new
signal processing nethods with the SAM data have proved that these | ow cost
devices have a place in the battlefield. SAM sensors are frequently used
to nonitor front line activity and gather intelligence regarding a threat.

The use of the acoustic subsurface sensors at the Meppen facility yielded a
weal th of information. Noises occurring at the site were detected by the
sensors. These included the warhead detonation, SA-6 vehicle engine
activity, and the electrical noise fromthe shelter.

Data fromthe subsurface microphone included that froma single engine
airborne platformand that of a mlitary track vehicle powered by a 12-
cyl i nder diesel engine.

The subsurface microphone has potential use in the detection of renote
det onati ons and those sounds produced by single engine airborne platfornms
such as cruise mssiles and UAV s



Additionally, this device plays a significant role in the |ocation of
unexpended ordnance (UXO during sustainnment range clean up activities.
This technique is acconplished with the use of |ow frequency sonic

i nstrumentation.

SECTION VI 1]
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