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57 ABSTRACT 
A system for detecting the approach of a vehicle 
toward the line of sight of an antenna comprises an 
alerter for receiving an acoustic noise signal from the 
vehicle and determining whether the signal is increasing 
or decreasing. The increase of a noise signal indicates 
the approach of a vehicle and is used to activate a 
power supply to supply power to a digital signal proces 
sor. The digital signal processor receives the acoustic 
signal and performs a comparison to determine whether 
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the signal in fact is noise produced by a vehicle. If so, 
the digital signal processor activates a radar based pri 
mary sensor which more accurately detects the ap 
proach of the vehicle and determines the instant at 
which the vehicle passes an antanna of the sensor. When 
the vehicle passes the antenna, the digital processor 
receives data and produces an output signal that can be 
used to activate a counter to count the passage of vehi 
cles, surveillance equipment or to fuse a mine if the 
vehicle is assumed to be hostile. Any time during detec 
tion of the acoustical signal, if the alerter determines 
that the signal's amplitude is falling off, this indicates 
the vehicle is moving away and this is utilized to discon 
nect power to the digital processor and to the sensor. 
This conserves power and is particularly important for 
off route areas where power is supplied by battery. 

7 Claims, 4 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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OFF-ROUTE NON-CONTACT SYSTEM FOR 
DETECTING VEHICLES 

GOVERNMENTAL INTEREST 

The U.S. Government has rights in this invention 
under Contract No. DAAK10-79-C-005 awarded by 
the Department of the Army. The invention described 
herein may be manufactured, used and licensed by or 
for the Government for Governmental purposes with 
out payment to me/us of any royalties. 

RELATED CASE 

This application is related to application Ser. No. 
07/582,732, filed Sep. 13, 1990 by Curtis Eickerman and 
Robert W. Withers, entitled "Off-route Non-Contact 
System for Detecting Vehicles'. 

FIELD AND BACKGROUND OF THE 
INVENTION 

The present invention relates in general to equipment 
for detecting the presence of vehicles, and in particular 
to a new and useful non-contact system which is capa 
ble of Sophisticated sensing and signal processing capac 
ity while utilizing minimal energy. 
The need often arises in remote areas to detect the 

presence of vehicles. Accurate detection of vehicles is 
utilized for various functions such as to activate the 
fusing of mines in hostile areas, vehicle counting, sur 
veillance and intrusion detection. 

In remote areas where power is limited, it becomes 
increasingly difficult to provide sufficiently sophisti 
cated equipment which is capable of distinguishing 
between potentially hostile vehicles and other moving 
objects or noise producing objects such as wild life, air 
craft flying over an area, natural occurrences such as 
thunder and other distractions. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
off-route non-contact system which is capable of detect 
ing vehicles which traverse a specific area, and further 
which is capable of distinguishing between vehicles and 
other moving objects or noise producing phenomenon. 
According to the present invention, the system com 

prises an acoustic alerter which detects and amplifies 
acoustic signals that are utilized to channel power to a 
digital signal processor, that is connected to the alerter. 
The signal processor once activated by the occurrence 
of an acoustic signal, processes signals received by the 
alerter to determine whether the signals correspond to 
the sound patterns of a vehicle. Some patterns can be 
stored in the digital signal processor for positive identi 
fication of the vehicle simply on the basis of the acoustic 
signal. During signal processing, if the alerter deter 
mines that the noise is decreasing (signifying the vehicle 
is moving away from the site) signal processing is inter 
rupted and the power supply to the processor inter 
rupted to conserve energy. 

If signal processing determines the potential presence 
of a vehicle, the processor activates power to a primary 
sensor which for example is in the form of a monopulse 
radar unit that provides for a more sophisticated and 
positive identification of the vehicle. If the vehicle 
passes the antenna of the primary sensor, this informa 
tion is conveyed to the digital signal processor which 
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2 
generates an output signal indicative of the presence of 
the vehicle at the line of sight of the antenna. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention, its operat 
ing advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and 
descriptive matter in which a preferred embodiment of 
the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a block diagram showing the overall systern 

of the present invention; 
FIG. 2 is a block diagram showing details of the 

acoustic alerter according to the present invention; 
FIG. 3 is a block diagram of a primary sensor which 

can be used in accordance with the present invention; 
and 

FIG. 4 is a block diagram illustrating the digital signal . 
processor of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The system of the present invention is shown in FIG. 
1 and comprises: an acoustic alerter 10; a digital signal 
processing 18; a primary sensor monopulse radar 14; 
and a power supply 20. 
The acoustic alerter 10 uses a microphone 12 which 

detects noises above a minimum sound pressure level 
(SPL) which are also increasing in amplitude. In re 
sponse to this, the alerter activates the digital signal 
processor 18 (DSP) via a digital signal "proc. “ON” 
command' over line 24 to the power supply 20. This 
causes power to be applied over line 26 to the micro 
processor based digital signal processor 18. In response 
to being turned on, the DSP requests from the alerter 
(via control commands on line 28) acoustic spectral data 
(via the data line 30). The DSP uses this spectral data to 
determine whether the cause of the "alert' is a vehicle 
(specific types of vehicle may also be identified). 

If the DSP identifies the acoustic noise as being from 
a vehicle, it activates the monopulse radar primary 
sensor 14. This activation is via a "primary sensor “ON” 
command" on line 32 to the power supply. Power is 
than applied over line 34 to the primary sensor 14, 
which is also controlled by the DSP via control con 
mands online 36. The DSP then provides the necessary 
control signals to the primary sensor to obtain radar 
data over line 38. This data, consisting of vehicle range 
and azimuth information, allows the DSP to determine 
when the vehicle crosses the line-of-sight of the primary 
sensor's antenna 16. When a vehicle is detected crossing 
this line-of-sight within a predetermined range, the DSP 
initiates an output signal at 42 which can be used to 
trigger other mechanisms that do not form a part of this 
disclosure. 

In the event the vehicle causing the "alert” does not 
cross the line-of-sight of antenna 16, the alerter 10 de 
tects the decreasing sound pressure level at 56 in FIG.2, 
and responds by sending a signal (via the interrupt line 
40) to the DSP 18. This interrupt signal causes the DSP 
to suspend signal processing and disconnects primary 
sensor power (if it had been turned on). Then the DSP 
acknowledges (via control commands) 28 to non-tran 
sient latch 72 of FIG. 2 that it has stopped signal pro 
cessing, whereupon the alerter disconnects DSP power 
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(via the digital signal processor “ON” command 24). 
This minimizes power consumption for battery pow 
ered applications and prepares the system for the next 
approaching vehicle. 
FIG. 2 illustrates details of the alerter 10. A preampli 

fier and equalizer 46 connected to a transducer 44 form 
the microphone 12 which is connected by a rectifier 48 
to a first low pass filter 50 and a second low pass filter 
52. First low pass filter 50 and second low pass filter 52 
are connected to a noise increase detector 54 (a compar 
ator) which compares the signals from the two low pass 
filters to determine whether an acoustic signal is in 
creasing. The second low pass filter 52 is connected to 
noise threshold detector 73 (a comparator) which con 
pares the signal level from 52 with a fixed threshold 
identified as Threshold 1. The outputs of 54 and 73 are 
connected to and circuit 74 which is used to trigger the 
timing circuits controlled by 56 and 75. Amplifier 57 
returns an amplified signal to the equalizer 47 to ac 
count for ambient noise conditions. 

Instantly, upon the receipt of an acoustic signal, the 
signal is supplied over the line 76 to the alerter A/D 
converter 77 which will subsequently allow the signal 
processor 18 to digitize the data for further signal pro 
cessing. 
When an acoustic noise source that is picket up by 

transducer 44 is increasing in amplitude and of a suffi 
ciently high level, Noise detector 54 and Noise Thresh 
old Detector 73 will both produce a high level signal to 
An circuit 74. This will cause Time Enable 75 to trigger 
the 1.5 Second Timer 76. If both the noise increase and 
noise threshold conditions persist for a period in excess 
of 1.5 seconds, the 1.5 Second Timer 76 will set the 
Non-Transient Latch 72 thereby producing the Primary 
Sensor Power "On' Command at 24. This causes the 
Digital Signal Processor power to be turned on. The 
digital Signal Processor then begins requesting digitized 
data via the Alerter Control lines 28 to the Alerter A/D 
77 and receives the digitized data via lines 30. 
The timing circuit generally designated 58 also con 

tinues to monitor the acoustical signal conditions to 
determine whether it is decreasing. If the acoustic signal 
at Transducer 44 begins to decrease the output of the 
Noise Increase Detector 54 will drop to a low level (the 
output of the Noise Threshold Detector 73 will also 
drop to a low level if the noise drops below the mini 
mum level set by Threshold 1). If the output of either 
the Noise increase Detector 54 or the Noise Threshold 
Detector 73, or both, drops to a low level the output of 
the And circuit 74 will also drop to a low level which 
triggers the 10 Second Timer. If this decrease of acous 
tic signal persists continuously for a period of time in 
excess of 10 seconds the 10 Second Timer will produce 
an Interrupt output 40 which signals the Digital Signal 
Processor 18 to immediately discontinue signal process 
ing, turn the Primary Sensor Power off via 32 (if it had 
been turned on), and acknowledge that it is ready for 
power disconnect via an Alerter Control in 28 to the 
reset input of Non-Transient Latch 72. This causes 
output 24 to go to a low level thereby disconnecting 
power to the Digital Signal Processor 18 to conserve 
energy. 
FIG. 3 shows an example of the primary sensor 14 

which comprises the antenna 16 that both transmits a 
signal of transmitter 62 and receives a reflected signal 
over receiver 64. Triggering of the sensor is controlled 
by the processor 18 over control command line 36 and 
data from the sensor is supplied to the processor over 
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4. 
the data line 38. Range and channel selection functions 
are also provided by the digital signal processor over 
separate data lines 66 and 68. 
FIG. 4 shows an example of the Digital Signal Pro 

cessor 18. Processor 18 comprises a micro-processor 70 
of conventional design which is connected by power 
and data bus lines to various peripheral elements that 
interconnect the micro-processor to the power supply, 
the alerter and the primary sensor. 
The Digital Signal Processor 18, when it is first pow 

ered on, begins to request digitized data via the Alerter 
Control lines 28 to the Alerter A/D 77 and receives the 
digitized data via lines 30. It then performs a pattern 
recognition algorithm on this data to determine 
whether the source of the acoustic noise is the type of 
object for which a Primary Sensor measurement is de 
sired. If it is not identified as the desired category of 
noise source the Digital Signal Processor awaits an 
interrupt signal 40 from the Alerter, acknowledges the 
interrupt, and its power is disconnected. However, if 
the acoustic noise is identified as being in the desired 
category, The Digital Signal Processor 18 activates 
Primary Sensor 14 and begins accessing digitized radar 
data using Control Commands 36 and receives the Data 
via Data lines 38. The Digital Signal Processor then 
performs a measurement algorithm on the radar data to 
determine when the source the object crosses directly in 
front of the radar antenna 16. At this point, the Digital 
Signal Processor 18 generates a high level signal at 
Output 42 which is used to trigger other circuitry 
which does not form a part of this disclosure. 
While a specific embodiment of the invention has 

been shown and described in detail to illustrate the 
application of the principles of the invention, it will be 
understood that the invention may be embodied other 
wise without departing from such principles. 
What is claimed is: 
1. A non contact system for detecting vehicles travel 

ling toward and across a line of sight, comprising: 
an acoustic alerter for detecting acoustic signals in 

cluding noise from a vehicle; 
a primary sensor for sensing and identifying a vehicle 

using electromagnetic waves to determine range 
and azimuth for a vehicle, said primary sensor 
including an antenna having the line of sight; 

a digital signal processor connected to said alerter 
and to said primary sensor for receiving and trans 
mitting data to and from said alerter and said sen 
sor, said digital signal processor including means 
for identifying the presence of a vehicle based on 
acoustic signals from the alerter, said processor 
being connected to said primary sensor for activat 
ing said primary sensor to generate information on 
range and azimuth of the vehicle and on the mo 
ment at which the vehicle passes the line of sight of 
the antenna, the processor including means for 
generating an output signal when the vehicle passes 
the line of sight; and 

a power supply connected to said alerter, said pri 
mary sensor and said digital processor. 

2. A system according to claim 1, including a con 
mand line connected between said alerter and said 
power supply for operating said power supply once said 
alerter detects the presence of noise which is increasing, 
for operating said power supply to supply power to said 
digital signal processor. 

3. A system according to claim 2, including a com 
mand line connected between said digital signal proces 
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Sor and said power supply for operating said power 
Supply to supply power to said primary sensor when 
said digital processor determines the presence of a vehi 
cle based on acoustic signals from said alerter. 

4. A system according to claim 3, including means in 
said alerter for determining when the acoustic signal 
detected by said alerter reduces in intensity and an inter 
rupt line connected between said alerter and said digital 
signal processor for interrupting signal processing in 
said digital signal processor when "said alert means' 
detects that the acoustic signal is decreasing. 

5. A system according to claim 4, wherein said pri 
mary sensor comprises monopulse radar for transmit 
ting a radar signal to and receiving a reflected radar 
signal from a vehicle. 

6. A method of detecting the approach of a vehicle 
and a passage of the vehicle passing a line of sight con 
prising: 

detecting acoustic signals from a vehicle approaching 
the line of sight; 
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6 
determining if the acoustic signals are increasing; 
if the acoustic signals are increasing activating power 

to a digital signal processor from a power supply; 
supplying data corresponding to the acoustic signals 

to the digital signal processor; 
processing the acoustic signal in the digital signal 

processor to determine whether the acoustic signal 
corresponds to a signal produced by a vehicle; 

if the acoustic signal corresponds to the signal pro 
duced by a vehicle, supplying power to a radar 
detector having an antenna with the line of sight 
for detecting the vehicle using radar; and 

if the vehicle passes the line of sight of the antenna, 
activating an output signal from the digital signal 
processor which is indicative of the vehicle passing 
the line of sight of the antenna. 

7. A method according to claim 6, including detect 
ing whether the acoustic signal decreases and, if the 
acoustic signal decreases, disconnecting power from the 
digital signal processor. 

k k 


