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DETECTION OF HUMANS AND LIGHT VEHICLES USING ACOUSTIC-TO-SEISMIC COUPLING 
 

Abstract 
 
Heavy vehicles, such as tanks or other armored vehicles, can typically be detected using seismic 
sensors and sensors to detect low-frequency engine noise; light vehicles are harder to detect, 
particularly in high noise areas.  The objective of this research effort was to conduct studies in 
the detection of light vehicles using sensor and signal processing techniques developed for 
human detection by the University of Mississippi under the MURI grant W911NF-04-1-0190.  In 
these studies, it was found that vehicle engines and tires generated broadband sound signals from 
low frequencies up to ultrasonic frequencies.  Ultrasonic sound signals from moving light 
vehicles were detected in field tests using a narrow band ultrasonic microphone.  The magnitude 
of these signals showed dependence on the vehicle type.  This research shows promise for the 
extension of these technologies to detect both humans and light vehicles under field conditions. 
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Statement of the Problem Studied 
 
Heavy vehicles, such as tanks or other armored vehicles, can typically be detected using seismic 
sensors and sensors to detect low-frequency engine noise; light vehicles are harder to detect, 
particularly in high noise areas.  The objective of this research effort was to conduct studies in 
the detection of light vehicles using sensor and signal processing techniques developed for 
human detection by the University of Mississippi under the MURI grant W911NF-04-1-0190.  
 

Technical Significance and Army Relevance 
 
The University of Mississippi has developed acoustic/seismic methods for human detection that 
rely on ultrasonic sensors, but involve signal processing techniques that can combine the inputs 
from the ultrasonic sensors with other types of sensors such as radar or dynamic speckle sensors.   
 
This research focuses on adapting this technology for the development of robust, smart, agile, 
tactical sensor technologies for the positive detection of light vehicles.  Applications include line 
surveillance along roadways, pipelines, rivers, etc.; point surveillance at checkpoints, roadblocks, 
etc.; forward operating base and area surveillance; and unattended building monitoring and 
surveillance in urban environments.  Possible deployment scenarios include the use of low-
bandwidth, leave-behind sensors in restricted areas to identify intruders or snipers moving into 
position or full sensor suites to identify humans or vehicles approaching critical infrastructure or 
sensitive positions. 
 

Summary of Important Results 
 
This effort focused on a multi-modal sensor technology for human and light vehicle 
characterization using passive and active signatures.  These signatures (Figure 1) are temporal 
signals (acoustic, video, or electromagnetic) generated by human/light vehicle movements or 
vehicle engine operations with specific time-frequency-amplitude characteristics [1-3].  Seismic, 
sound, and electromagnetic signals propagate at different speeds from an object location to a 
detector location.  These signatures are measured by passive sensors such as geophones or 
accelerometers, microphones, video cameras (regular and infrared), magnetic sensors, and active 
Doppler radar and sonar systems.  These sensors could be located at stationary positions on the 
ground or on moving platforms.  Detection range depends on the background noise floor [4-6] 
and on the terrestrial environment [7].  For example, forests, buildings, or fences visually 
obscure human and light vehicle motion and limit the range for active Doppler radar and sonar 
systems due to dramatic absorption/reflection of electromagnetic/ultrasonic waves [8,9].  
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Figure 1. Human/light vehicle passive and active signatures. 
 
Light vehicle signature study 
 
The focus of this study was to evaluate a passive ultrasonic method for light vehicle detection.  
Large efforts over the past century have concentrated on reducing engine noise, vehicle 
vibrations, and tire noise, and have made vehicles more comfortable and less detectable for 
passive seismic and sound sensors.  
 
For the heavy military vehicles, sound and seismic spectra consist mostly of harmonics caused 
by the engine.  For these vehicles, a detection range of 100 m in the frequency band below 1 kHz 
was reported in Ref. [10].  Early studies of light vehicle sound signatures led to the detection of 
the principal spectral components of the engine noise in the frequency band below 3 kHz [3]. 
 
 Broadband sound signature of a light vehicle 
 
An initial study of light vehicle broadband sound signatures was conducted at the Army 
Research Laboratory’s Blossom Point facility (BP) in 2007.  Below, test results of sound 
measurements for a Chevrolet Malibu passenger car are presented.  Tests were conducted for two 
scenarios: 
 

- Stop test.  The car remained in a stationary position while the engine speed was varied.  
This eliminated the tire noise. 

 
- Passby tests.  The car was driven at a constant speed first, then the engine was turned off, 

and the car continued moving.  This eliminated the engine sound. 
 

A PCB microphone, 377B41, with preamplifier, 426A30, and with B&K preamplifier (NEXUS) 
was used for broadband sound measurements.  The microphone had a sensitivity of 100 mV/Pa, 
was operated over the frequency range from 3.15Hz-20 kHz, and had high-frequency rolloff in 
sensitivity above 20 kHz.  This microphone was placed on the ground at 2 meters from the test 



 7 

area, which consisted of a gravel road.  A narrow-band microphone or ultrasonic receiver (UR) 
was installed 0.2 m above the ground and was co-located with the microphone.  In the test 
configuration, the beam pattern of the UR was oriented along the gravel road.  Signals from UR 
and the microphone were recorded and processed using a two-channel, 24-bit DAQ (Echo Indigo 
IO) and a laptop computer with Sound Technology software (LAB432). 
 
Stop tests results 
 
The spectrogram of a broadband sound signal in the frequency band of 1.3 Hz-22.05 kHz from 
the car in a stationary position on the gravel road a few meters from the microphone is presented 
in Figure 2.  The sampling rate was 44.1 kHz, and the FFT size was 32,768 in this spectrogram.  
The test began with the engine off.  The engine was turned on and idled at 800 RPM.  The speed 
was increased to 1800 RPM, then idled at 800 RPM, then increased to 2700 RPM, and then 
lowered back to 800 RPM.  The engine was held constant for about one minute at each speed, 
and then stepped to the next value.  The total recording time was about 5 minutes.  The car 
engine sound signature from the spectrogram analysis exhibited broadband frequency signals 
from low frequencies up to ultrasonic frequencies.  Friction forces in the engine parts and the 
exhaust system are the sources of this broadband frequency sound signature. 
 

Figure 2.  Spectrogram of the sound from the car in the stationary position on the gravel road in 
a few meters from the microphone. The sampling rate was 44.1 kHz and the FFT size was 32768. 
 
Passby tests results  
 
The car was tested at a set of constant speeds (30 mph, 20 mph, and 10 mph).  At about 50 m 
from the microphone location, the engine was turned off, and the car continued moving.  
Eliminating the engine sound helped fulfill the goal of studying tire noise in a broadband 
frequency range from a moving vehicle.  Spectrograms of the car passby tests are presented in 
Figs. 3(a)-2(c).  At the closest point of approach (CPA) at 2 m from the gravel road, the sound 
signal had a broadband frequency response up to ultrasonic frequencies.  The magnitude of the 
tire sound signal depended on the speed of motion.  At the lowest speed (10 mph), the high 
frequency sound from tires was less detectable than at the highest speed (30 mph). 
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Figure 3.  Spectrogram of the sound from the car moving on the gravel road with the engine 
turned off.  The speeds of car motion before the engine was turned off were: (a)  30 mph, (b) 20 

mph, and (c) 10 mph.  The sampling rate was 44.1 kHz and the FFT size was 32768. 
 
Multiple vehicle detection with an ultrasonic sensor  
 
Vehicle engines and tires all generated broadband sound signals.  The next experiments 
demonstrated the ability to detect light vehicles using a narrow-band ultrasonic microphone 
operated in the frequency band of 25-26 kHz.  In the spectrograms in Figs. 4 (a) and 3(b), the 
results of passby tests for two SUVs (Chevrolet Suburban and Chevrolet Tahoe), a van, and a 
Humvee are presented.  The UR was installed 0.2 m above the ground and 2 m from the gravel 
road, and the beam pattern of the UR was oriented along the gravel road.   
 
In the first test, the SUVs (Chevrolet Suburban and Chevrolet Tahoe) were moving one behind 
the other on the road with a constant speed of 15 mph  [Fig. 4(a)].  In the second test, a van and a 
Humvee were moving in the same manner with a constant speed of 20 mph. 
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Figure 4.  Spectrograms of the ultrasonic signals from vehicles moving on gravel road. (a) Two 

SUVs at 15 mph (Chevrolet Suburban and Chevrolet Tahoe), (b) A van and a Humvee at 20 mph.  
The sampling rate was 44.1 kHz and the FFT size was 32768. 

 
The light vehicles’ ultrasound signatures from the spectrogram analysis exhibit detectable 
ultrasound signals at the CPA for all tested vehicles.  The magnitude of these signals depended 
on the vehicle type.  As follows from Fig. 4(b), the magnitude of the ultrasonic signal generated 
by the Humvee was greater than the signal generated by the van.  
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• Publications and Professional Meetings 

– SPIE Defense and Security Symposium 
• US Armament Research, Development, and Engineering Center (ARDEC) involved in 

signal processing research 
• Joint data collection exercises with ARDEC and ARL in October 2008 and with ARDEC 

in May 2009 
• Proposal submitted to ARDEC for continued research in human and light vehicle 

detection 
• UM-led working group conducted first meeting at ARL in June 2009 on human, light 

vehicle, and tunnel detection. 49 participants from academia, industry, and government 
organizations.  Included are 12 international participants 

• Dr Sabatier selected for an IPA assignment to ARL for research in human, light vehicle, 
and tunnel detection  

 




