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(57) ABSTRACT 

A system and method for imaging objects obscured by a 
covering layer of snoW. The system preferably utiliZes a 
continuous-Wave radar generating short-Wavelength radio 
frequency (RF) signal beam scanned over angular displace 
ments following a scanning pattern toWard a target area. 
Re?ections of the RF signal from objects buried beneath the 
snoW are registered by an array of RF detectors Whose signal 
magnitudes are summed and correlated With scan direction 
to generate a signal providing spatial object information, 
Which by Way of example, is visually displayed. The radio 
frequency beam may be scanned over the scene electroni 
cally, or by either mechanically or electromechanically 
modulating antenna direction or the orientation of a beam 
de?ector. The system is capable of generating multiple 
image frames per second, high-resolution imaging, registra 
tion of objects to a depth exceeding tWo meters, and can be 
implemented at loW cost Without complex signal processing 
hardWare. 
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NON-CONTACT RADAR SYSTEM FOR 
RECONSTRUCTION OF SCENES OBSCURED 
UNDER SNOW AND SIMILAR MATERIAL 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0001] This invention Was made With Government support 
under Contract No. RTA 65A0068, awarded by the Depart 
ment of Transportation. The Government has certain rights 
in this invention. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] Not applicable 

REFERENCE TO A COMPUTER PROGRAM 
APPENDIX 

[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] This invention pertains generally to radar detection 
systems, and more particularly to a system and method for 
identifying hidden objects obscured beneath a layer of snoW. 

[0006] 2. Description of the Background Art 

[0007] Detecting objects Whose visibility is obscured by 
accumulated snoW has posed a challenge in a number of 
application areas. SnoW removal equipment, such as snoW 
bloWers and snoWploWs, along With other types of vehicles 
traversing roads or other areas heavily laden With snoW, are 
often subject to collision and damage from guardrails, 
vehicles, signage, fences, garbage, and other assorted 
objects hidden by the snoW. Other applications exist for 
detecting objects beneath a layer of snoW, such as for use by 
searchers and laW enforcement personnel, Which must meet 
the challenge of ?nding persons, or objects, Which may be 
buried under one or more accumulated layers of snoW. 
Currently, equipment operators, individuals performing a 
search, and other individuals subject to activity Within snoW 
laden environments have no readily available means of 
gathering information and images about objects Which are 
otherWise hidden by layers of snoW. 

[0008] Mechanical detectors are conventionally utiliZed in 
snoW removal equipment for detecting objects, and are an 
attempt to reduce the amount of damage caused by encoun 
ters With obstacles hidden beneath the snoW. It Will be 
appreciated that objects buried in the snoW may pose a 
haZard to equipment, such as being ingested by a snoW 
bloWer When clearing a snoW bank. Furthermore, the snoW 
removal equipment may damage items, such as vehicles, the 
visibility of Which is obscured by one or more layers of 
snoW. Detection using a mechanical detector requires a 
portion of the mechanical detector to make contact With the 
obstacle, and the technique is not capable of providing an 
image, or other information, as to the nature of the obstruc 
tion, or about those parts of the obstruction Which are still 
hidden beneath the snoW. It should be appreciated that the 
required contact force for such a mechanism is necessarily 
high so that the unit is not disengaged upon contact With 
packed snoW or icy patches. A high contact force of this 
nature Would often be suf?cient to damage trapped vehicles, 
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signage, and so forth. Therefore, mechanical sensing does 
not provide for the detection of an object prior to contact, 
and it does not provide imaging of objects hidden beneath 
the snoW. It should also be appreciated that many obstacles 
typically encountered in a number of applications Would not 
trigger a mechanical detection mechanism, hoWever, they 
could still represent a signi?cant threat, such as to a moving 
snoWploW vehicle. For example, a number of smaller objects 
can be ingested by a rotary ploW Which may completely 
entangle the rotary mechanism thereby rendering it inopera 
tive, While requiring extensive time, effort, and expense to 
repair. 

[0009] Techniques for detecting individuals buried under 
avalanches generally utiliZe forms of cooperative sensing, 
such as requiring the use of an active transmitter or passive 
transponder by a buried individual. It Will be appreciated 
that cooperative means are not appropriate When the detec 
tion of vehicles, trees, storage containers, snoW chains, 
culvert materials, and other inanimate objects is necessary, 
or When a priori equipping of an individual With a trans 
mitter is not possible. One proposed non-cooperative tech 
nique utiliZes at least tWo, and typically numerous, receiving 
antennas con?gured to detect re?ected RF energy to deter 
mine the direction of the target, hoWever, it is incapable of 
providing suf?cient resolution for imaging obstructions bur 
ied in snoW. 

[0010] Techniques are being deployed by the military for 
obtaining images of the soil by using ground-penetrating 
radar (GPR). The use of GPR requires transmit/receive 
antennas Which are in contact, or in close proximity, With the 
ground. Thus, obtaining images using such a system requires 
the physical relocation of the GPR antenna over the ground 
area. GPR systems are intended to image objects on or very 
near the surface of sand or soil, and are not con?gured for 
detecting objects Within a snoW bank, or other accumulation 
of snoW, Wherein detecting objects to a depth of about tWo 
meters is necessary. It Will be further appreciated that the 
lack of homogeneity Within a snoW environment presents 
unique challenges for an object sensing technique. GPR 
applications generally require complex signal processing to 
be performed to eliminate unWanted signals and to provide 
for imaging of the results, as a result of Which real-time 
signal and image processing may not be feasible or cost 
effective in these cases. In addition, these GPR systems have 
been geared toWard military applications, such as the detec 
tion of unexploded ordinance (UXO). Aside from the afore 
mentioned dif?culties, the GPR systems also suffer in the 
area of system complexity, siZe, and cost, thereby reducing 
their applicability such as for civilian transportation appli 
cations. 

[0011] Therefore, a need exists for an apparatus that 
provides for the detection and imaging of objects obscured 
beneath a layer of snoW Which is not subject to the limita 
tions as outlined above. The present invention satis?es those 
needs, as Well as others, and overcomes the de?ciencies of 
previously developed solutions. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The present invention is a non-contact system and 
method for detecting and/or imaging of objects Which are 
obscured beneath snoW, or materials of similar composition. 
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The snoW penetrating radar system and method presented 
herein is applicable to a number of applications and is 
particularly Well-suited for search and rescue situations, and 
for the prevention of damage to machines operating in snoW, 
such as snoW removal equipment. The system may be 
implemented as a compact loW-cost unit that may be 
mounted upon a movable platform, such as a motor vehicle, 
aircraft (i.e. helicopters), or a mobile individual (i.e. person 
on foot or on horseback). By utiliZing the present invention 
on snoW removal equipment, collisions With objects hidden 
beneath the snoW may be prevented, and the damage result 
ing from the ingestion of small objects into the blade 
mechanism of rotary snoWploWs, (“blowers”) can be cir 
cumvented. The ability to reconstruct object images for 
identifying objects obscured by snoW alloWs for the rapid 
scanning of a snoW scene, for example an avalanche site, 
from several meters above the scene While detecting, locat 
ing, and differentiating from amongst the various objects 
buried in the snoW, such as the possible victims. The ability 
to discern victims from debris can facilitate victim rescue 
operations in snoW-laden areas. 

[0013] The method utiliZed Within the invention for 
detecting objects beneath a layer of snoW is conceptually 
similar to the ground-penetrating radar utiliZed by the mili 
tary. HoWever, the system and method of the present inven 
tion does not require the physical movement of an antenna 
over ground areas to be imaged, and is capable of imaging 
obscured objects Without the need of pulsed radar phase 
measurements in combination With expensive and compli 
cated digital signal image processing techniques to recon 
struct an object image. The present system and method is 
con?gured to reconstruct real-time multiple frames per 
second non-specular object images Without making contact 
With the objects and regardless of the condition of the 
overlying snoW, such as poWder, packed snoW, very dense 
snoW, dry snoW, Wet snoW, and combinations thereof. 

[0014] Imaging through snoW With the present system 
alloWs scanning of a scene in from one to three dimensions, 
With the preferred use of tWo dimensions such as aZimuth 
and elevation. The radar utiliZed herein provides a continu 
ous Wave output in preference to the conventional pulsed 
radar systems Which provide imaging through the registra 
tion of phase differences. Objects may be registered from 
several meters distance While providing suf?cient resolution 
to detect objects Which could pose a danger to snoW removal 
equipment, and the like. 

[0015] The system generates a narroW radio-frequency 
(RF) output signal beam, preferably at a microWave fre 
quency, Whose output beam is scanned across a target scene 
by any conventional RF scanning mechanism. It Will be 
appreciated that an RF beam may be scanned using a number 
of methodologies, including electronic beam scanning, 
mechanical and electromechanical scanning of antenna 
assemblies or de?ector assemblies. In any of these 
approaches the beam Width may be optionally modi?ed by 
passing the beam through one or more lenses, such as a 
negative refraction index lens to narroW the beam Width 
toWard the target area Which may contain one or more 
objects obscured beneath a layer, or layers, of snoW. The RF 
energy penetrates through the snoW and Will be re?ected 
from underlying solid objects. A receiver antenna array 
receives and sums the RF energy re?ected from the under 
lying objects. The detected RF signal is conditioned Within 
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the receiver, by ?ltering and amplitude compensation, prior 
to conversion of the magnitude-only signal to an object 
detection signal for use by an annunciator Which indicates or 
displays information about said object from said object 
detection signal. In the process of converting the detected 
RF signal to an object detection signal, the position along the 
scan path Which determines the direction of the transmitted 
beam toWard target area, is correlated With the amplitude 
(magnitude) of the detected RF so that the resultant spatial 
information signal preferably includes both position and 
amplitude information based on the re?ected RF signal 
received from the target area. The correlation is preferably 
performed by combining the magnitude and direction infor 
mation into a single object detection signal Which drives an 
image display. For example, When directed to an image 
display unit the characteristics of pixels are modulated, such 
as according to intensity and/or color, Within the object 
detection signal according to the magnitude of the detected 
RF signal, While the position of the pixels on the display unit 
is determined in relation to the direction at Which the 
corresponding RF signal beam Was transmitted toWard the 
target area. It Will be appreciated that the direction of the 
transmitted RF beam toWard the target area may be deter 
mined in response to the position of a mechanical or 
electromechanical scanning system, or depending on phase 
relationships or ?eld intensities in the case of electronic 
beam scanning. In the case of a mechanical or electrome 
chanical scanner assembly Which modulates either the 
antenna direction or modulates beam de?ection from an 
antenna assembly, the scan path may be registered in 
response to the physical position of one or more mechanical 
positioners along a given path. The annunciator may com 
prise a display unit, audio alert device, haptic feedback 
device, or other feedback units, utiliZed either singly or in 
combinations thereof, to indicate the presence, position, 
and/or distance of objects Within the target area. It Will be 
appreciated that the use of a display unit for annunciating is 
generally substantially preferred as it provides reconstruc 
tion of object images from Which an operator can intuitively 
glean a Wealth of information. The use of a display unit may 
be optionally augmented With audible, tactile, haptic, and 
other visual alerts Which may be generated in response to the 
condition of objects in the target area. The use of haptic 
feedback for distance Warning has the added bene?ts of 
being noticeable to an operator Whose visual focus is 
directed outside the vehicle and it remains noticeable despite 
severe noise, such as generated by a mechanical snoW 
bloWer. The haptic feedback is preferably coupled to the 
operator seat or operator controls for easy detection by the 
operator during use of the system on a mobile platform. The 
complexity and cost of the present system is minimiZed by 
the use of continuous Wave output, Wherein complex phase 
processing electronics are not necessary. In addition, the 
beam scanning mechanism is capable of scanning the RF 
output signal beam across a target surface Without the 
necessity of physically moving a transmitter or detector 
array over the ground surface in the target area. Three 
dimensional images may be captured by utiliZing more than 
one RF source Which may be scanned over the target surface 
from slightly different angles. 

[0016] Synthetic aperture imaging techniques may be uti 
liZed to combine multiple re?ection images captured from 
slightly differing vantage points into images having a higher 
pixel resolution than the original re?ection images. It Will be 



US 2003/0189511 A1 

appreciated that the technique requires knowledge of the 
relative positions from said object to Which the images Were 
obtained, as may be provided by movement registration or 
the receipt of position information such as high accuracy 
GPS coordinates. Furthermore, the transmitter and detector 
positions may be spatially modulated to provide capturing 
multiple spatially displaced images from a stationary loca 
tion. 

[0017] An object of the invention is to provide a system 
and method for acquiring images of objects obscured by a 
layer of snoW. 

[0018] Another object of the invention is to provide a 
system and method Which can be utiliZed from a moving 
platform, such as mounted on a vehicle, aircraft, or mobile 
individual. 

[0019] Another object of the invention is to provide an 
imaging apparatus that operates through snoW regardless of 
its condition, such as poWder, packed snoW, very dense 
snoW, dry snoW, Wet snoW, and combinations thereof. 

[0020] Another object of the invention is to provide an 
imaging system for use in snoW that can detect objects from 
a distance of at least one to tWo meters. 

[0021] Another object of the invention is to provide a 
hidden object imaging apparatus for use in snoW that does 
not require the physical movement of an antenna over the 
surface of the snoW in order to generate object images. 

[0022] Another object of the invention is to provide scan 
ning of objects beneath a layer of snoW, or similar compo 
sition, by re?ecting continuous Wave RF energy from the 
surface of hidden objects. 

[0023] Another object of the invention is to provide real 
time output With multiple frames per second output. 

[0024] Another object of the invention is to provide non 
specular images having high image quality. 

[0025] Another object of the invention is to provide object 
imaging Without the necessity of extensive signal process 
ing. 

[0026] Another object of the invention is to provide a 
method of imaging objects beneath snoW Which can be 
implemented at loW cost. 

[0027] Further objects and advantages of the invention 
Will be brought out in the folloWing portions of the speci 
?cation, Wherein the detailed description is for the purpose 
of fully disclosing preferred embodiments of the invention 
Without placing limitations thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The invention Will be more fully understood by 
reference to the folloWing draWings Which are for illustrative 
purposes only: 

[0029] FIG. 1 is a schematic vieW of an imaging system 
according to an embodiment of the present invention, shoWn 
generating an image for an object Which is hidden beneath 
a snoW bank. 

[0030] FIG. 2 is an electrical schematic for the imaging 
system of FIG. 1, shoWn using a mechanically scanned 
beam antenna. 
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[0031] FIG. 3 is an electrical schematic for another 
embodiment of the imaging system according to the present 
invention, shoWn using a beam de?ector assembly. 

[0032] FIG. 4 is an electrical schematic for another 
embodiment of the imaging system according to the present 
invention, shoWn using electronic beam scanning. 

[0033] FIG. 5 is a ?oWchart illustrating the basic method 
according to an embodiment of the present invention for 
detecting objects Which may be obscured by snoW or mate 
rial of similar composition. 

[0034] FIG. 6 is a ?oWchart illustrating a background 
radiation compensation method according to an aspect of the 
present invention. 

[0035] FIG. 7 is a ?oWchart illustrating a resolution 
enhancement method according to an aspect of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] Referring more speci?cally to the draWings, for 
illustrative purposes the present invention is embodied in the 
systems, methods, and apparatus generally shoWn in FIG. 1 
through FIG. 7. It Will be appreciated that the systems and 
apparatus may vary as to con?guration and as to details of 
the elements, and that the methods may vary as to the 
speci?c steps and sequence, Without departing from the 
basic concepts as disclosed herein. 

[0037] Referring ?rst to FIG. 1, an eXample of the overall 
operational con?guration of the invention can be seen. In 
FIG. 1, an object 10 is shoWn as being obscured by snoW 12 
in a snoW bank 14 Which in turn is shoWn as being located 
on a roadWay surface 16. FIG. 1 also depicts an object 
imaging system 18 according to the present invention that is 
con?gured for detecting objects, such as object 10, that are 
obscured by snoW. 

[0038] In the embodiment shoWn, imaging system 18 is 
con?gured to scan a target area With high frequency RF 
energy and detect the energy pattern re?ected from an 
object. To do so, a narroW-beam high frequency RF energy 
source 20, such as a microWave transmitter or the like and 
associated antenna or antenna array, is adapted With a beam 
scanning mechanism con?gured to direct the RF signal 
across a scan path directed toWard the target area. The beam 

scanning mechanism can be mechanical, electromechanical, 
electronic or the like, as Will be described in detail beloW. 
The beam scanning mechanism is preferably either con 
trolled by programming operable on a computer 22 or the 
like. Alternatively, the beam scanning mechanism folloWs a 
scan path controlled by another element Wherein the scan 
position is monitored by programming operable on com 
puter 22 or similar control system. 

[0039] RF energy re?ected by object 10 is received by an 
RF receiver, such as an array of detector elements 24, 26 and 
signal processing circuitry 28. Detector elements 24, 26 are 
preferably spaced apart and oriented in the general direction 
of the area to be scanned, Which is also referred to herein as 
the “target area”, Within Which the detection of objects is 
sought. Detector elements 24, 26 may comprise any form of 
high-frequency RF detector elements, such as microWave 
horns With associated Schottky diode detectors or the like. 



US 2003/0189511 A1 

[0040] Note that the output of the detector elements is 
utilized only for detecting signal amplitude, and that phase 
information is not necessary for operation of the invention. 
Note also that increasing the number of detector elements 
leads to improvements in resolution since re?ected energy 
can be detected over a larger angular spread. For example, 
While arrays as small as 2x2 RF detection pixels can provide 
usable results, enhanced resolution can be achieved With 
arrays up to 100x100 or more RF detection pixels. It Will 
also be appreciated that small modulations of detector array 
position, With knoWn positional variance from one frame to 
another frame, used in combination With conventional syn 
thetic aperture imaging techniques can render increases in 
image resolution as Well. It Will further be appreciated that, 
for very loW-resolution detection, such as distance detection 
of objects obscured beneath the snoW, a single detector 
element can be used if desired. 

[0041] Signal processing circuitry 28 preferably com 
prises signal ?ltering and ampli?cation circuitry con?gured 
to condition and prepare the detected signals for processing. 
Ampli?er gain is preferably controlled by computer 22, or a 
similar digital processor, Which can provide bene?ts such as 
maximiZing the signal-to-noise ratio. The conditioned out 
put signal is then directed to an analog-to-digital (A/D) 
converter 30, preferably associated With computer 22, 
although A/D converter 30 could be included Within signal 
processing circuitry 28 or provided in some other con?gu 
ration. Computer 22, Which can be used for additional signal 
processing or data extraction, in turn generates an object 
detection signal Which is directed to one or more annuncia 
tors 32. It is preferable that annunciator 32 comprise at least 
a visual display as a primary form of annunciation and one 
or more secondary forms of annunciation as described 
beloW. 

[0042] Examples of secondary forms of annunciation 
include, but are not limited to, audible, visual, kinesthetic 
and other alert mechanisms that are suitable for alerting the 
operator to the proximity of obstructions When their atten 
tion is focused someWhere other than the visual display. For 
example, the secondary annunciator may comprise a bright 
yelloW or other colored LED or other light emitting element, 
an audio output generating a Warning beep, and a haptic 
feedback device. A haptic feedback device coupled to the 
seat or controls of the operator console Will oscillate or 
vibrate to alert the operator of upcoming obstructions or 
other alert conditions. These secondary annunciators, When 
use singly or in combination, provide forms of feedback to 
the operator that can be used to alert the operator to 
dangerous conditions, such as posed by the proximity to 
obstructions obscured beneath snoW. Where a haptic form of 
annunciation is used, it Will be appreciated that the output of 
haptic feedback should be sufficiently high that it is recog 
niZed by the operator even in high noise level environments 
and at times When the operator is not in a position to see a 
visual alert. 

[0043] Preferably, the object detection signal is generated 
as a digitiZed image signal or the like Which may be directly 
displayed on any conventional image display device such as 
a CRT display, plasma display, LCD display, head-up dis 
play, and so forth. It Will be appreciated that image process 
ing can also be performed on the object signal prior to 
receipt by an annunciator, such as a visual image display 
unit, if desired. It should also be appreciated that image 
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metrics along With other information, such as information 
from other forms of detectors, (e.g. metal detection), posi 
tion information from a GPS, and so forth, may be displayed 
in combination With an image generated according to the 
radar detection method of the present invention. 

[0044] It is preferable that real-time images be presented 
by the system to a human operator to provide an intuitive 
visual interface With information displayed in a manner that 
coincides With everyday experience such as, for example, 
the vieWing of a streambed beneath a gently ?oWing stream 
or the vieWing of an image through a glass WindoW despite 
the presence of re?ections. Therefore, it Will be appreciated 
that the need of operator training for using the present 
invention can be greatly reduced, Which is in contrast to the 
high level of training necessary to properly utiliZe conven 
tional radar imaging systems. Furthermore, it is preferred 
that operator feedback be provided in the form of a Warning 
based on the distance to an obstruction detected beneath the 
snoW, because the attention of the operator may not be 
directed at an image display screen at every moment during 
operation. Preferably, the Warning is generated using haptic 
feedback, such as in vibrating the seat, or controls, of the 
operator, Wherein feedback cogniZance is maintained in high 
noise environments and in situations in Which the operator 
is not monitoring a visual display. 

[0045] It Will be appreciated that imaging system 18 and 
the various forms of associated alerts are particularly suit 
able for detecting obstructions obscured by snoW Which pose 
a danger to the vehicle during normal operations, and When 
maneuvering, such as during backing up the vehicle. Imag 
ing system 18 is preferably adapted for being carried by, or 
integrated Within, a moving platform 34, such as a vehicle, 
person on foot, aircraft (i.e. helicopter), and so forth. Note 
also that, While FIG. 1 shoWs the detection signal being 
directed toWard a particular target area off the side of the 
vehicle, the vehicle could be equipped to direct a signal from 
different sides or quadrants about the vehicle to facilitate 
detecting hidden objects When traveling, such as When 
backing up. This could be done, for example, by making the 
emitter/detector array moveable and remotely positionable, 
or even portable. Alternately, one or more additional detec 
tion systems or emitter/detector arrays could be positioned at 
one or more additional locations of the vehicle. 

[0046] Referring noW to FIG. 2, an embodiment of object 
imaging system 18 is schematically shoWn in additional 
detail. Computer 22, or a similar control system, is computer 
22 controls an RF Waveform generator 36, Which preferably 
generates a loW-poWer RF signal in the appropriate fre 
quency range (based on anticipated snoW moisture content) 
to penetrate snoW but be re?ected from solid material 
objects beneath the snoW to provide the desired image or 
detection resolution. For example, a range of frequencies 
betWeen approximately 100 MHZ and approximately 6 GHZ 
can be used depending on the cost and desired resolution. 
The preferred frequency, hoWever, is approximately 4 GHZ 
Where a resolution on the order of one centimeter can be 
achieved. 

[0047] The output of Waveform generator 36 is ampli?ed 
by an RF poWer ampli?er 38 to provide a poWer output at a 
suf?cient level to alloW proper detection of the re?ected 
signals. The RF poWer output preferably ranges from 
approximately 100 mW to approximately 2 W. It should be 
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appreciated, however, that the selection of optimum poWer 
output depends on a number factors, including transmission 
restrictions, operating conditions, environmental conditions, 
and desired resolution. In a preferred embodiment, the 
output poWer is on the order of 1 W from the antenna. The 
output of ampli?er 38 is shoWn coupled to a small rutile 
(titanium dioxide) dielectric-?lled output horn antenna 40 
for generating a narroW beam of high frequency electro 
magnetic radiation since the preferred RF source is in the 
microWave frequency region. By ?lling the horn With a high 
dielectric constant material, the siZe of the horn can be 
reduced by a factor of approximately ten in comparison With 
an air-?lled horn, so that a narroW beam diameter may be 
attained. It should be appreciated that the dielectric material 
may be con?gured With a ?at or convex external surface. It 
Will further be appreciated that speci?c antenna con?gura 
tions Will depend on the particular frequency or frequencies 
chosen. 

[0048] In the embodiment shoWn in FIG. 1, beam scan 
ning is accomplished using a conventional mechanical or 
electromechanical beam steering mechanism 42 or the like 
that is mechanically coupled to horn 40 to modulate its 
angular position so as to folloW a scan path directed toWard 
the target area. A lens 44 is preferably af?xed to, or other 
Wise associated With, the movable horn to narroW the beam 
to a small transmission aperture, and is preferably con?g 
ured With a negative refractive index. It Will be appreciated 
that a lens With a negative refractive index may be con?g 
ured With a spherical concave internal surface and a parabo 
loid convex external surface Where the center of the inner 
spherical surface and the focal point of the outer paraboloid 
surface coincide. Such a lens can then be positioned such 
that the focal point resides at the phase-center of horn 40. In 
this Way, lens 44 increases system resolution since the RF 
signal Will be directed toWard the target area through a small 
transmission aperture as a narroW beam. Therefore, a nega 
tive refractive index lens facilitates directing the narroW 
beam Width toWard the target area at the desired operating 
frequency. The RF output of horn 40 is fed to lens 44 With 
an appropriate passband associated With the frequency of the 
desired RF output signal to be transmitted. In this regard, 
hoWever, note that the lens Will attenuate the output signal 
and, therefore, poWer output needs to be of suf?cient mag 
nitude to assure that the re?ected signal is of suf?cient 
strength to assure proper registration by the detectors. 

[0049] As described above With reference to FIG. 1, 
re?ection of the narroW RF beam from an object located in 
the target area is detected by an array of detector elements 
24, 26. In FIG. 2, these detector elements are represented by 
an array of horn antennas 46 and associated diode detectors 
48. The re?ected signals are converted to loW frequency 
magnitude (amplitude only) signals by the diode detectors 
48, Whose outputs are summed and ampli?ed by a summing 
ampli?er 50 prior to being conditioned for conversion to 
digital signals. Although only four detectors and associated 
circuitry are shoWn by Way of example, it Will be appreci 
ated that a suf?cient number should be incorporated to 
achieve the desired object resolution and target area for the 
scene being vieWed. Use of a detector array provides for a 
large effective combined receiver aperture. 

[0050] The conditioning circuitry preferably comprises a 
loW-pass ?lter 52, Which conditions the summed detector 
signals prior to receipt by analog-to-digital converter 
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30. A loW cost analog-to-digital converter, such as 
providing betWeen 8 to 12 bits of resolution, is suitable for 
use With the present invention Whereby a resolution of 
100x100 pixels can be supported With a one frame per 
second (1 HZ) image update rate by sampling the A/D 
converter at a 10 KHZ rate. The system can be readily 
con?gured to yield image rates exceeding several frames per 
second so that real-time images are provided to a user or 
operator. Digital data from A/D 30 is received by computer 
22, Which processes the digitiZed detector data according to 
the scanning direction, such as aZimuth and elevation as 
knoWn to, or set by, computer 22 at, or shortly before, a 
given detection instant. The computer then generates an 
object detection signal containing spatial information about 
hidden objects based on the signal magnitude registered by 
the RF detector and the direction of the transmitted RF 
signal beam, as determined by position along a scan path. 
The object detection signal is in turn announced by annun 
ciator 32. 

[0051] As described above, the object detection signal 
preferably comprises an image signal in a protocol that is 
compatible With an image display unit, upon Which object 
images may be displayed. Annunciation of information 
about objects in the target area may be provided by audio 
annunciators, indicators, image displays, tactile or haptic 
feedback, and combinations thereof, for providing informa 
tion and/or an alert regarding target area objects as previ 
ously described. It should be appreciated that complex 
softWare is not required for generating an object detection 
signal. For example, an object detection signal may be 
generated for an image display in a number of Ways, such as 
by storing amplitude values of detected RF signal ampli 
tudes (e.g., magnitudes) according to position (e.g., aZimuth 
and elevation) associated With the predetermined scanning 
pattern, and then outputting this stored data to a display unit, 
such as in a raster scanning pattern. The resulting image thus 
formed on the display unit provides spatial information 
including both position and intensity in relation to the 
detected re?ections from objects Within the target area that 
may be covered by snoW. 

[0052] FIG. 3 depicts an embodiment of the system in 
Which, instead of using a beam steering mechanism for 
modulating the position of the output horn as shoWn in FIG. 
2, beam scanning is provided by the use of a conventional 
moving mechanical or electromechanical beam RF de?ector 
assembly 54 Which modulates the direction of the beam 
exiting lens 44, thereby de?ecting the beam in accordance 
With the desired scan pattern. Beam de?ector assembly 54 
provides for spatial scanning of the RF signal along a 
predetermined path toWard the target area, according to any 
conventional scanning pattern such as a spiral or a raster 
scan pattern. In the embodiment shoWn, beam de?ector 
assembly 54 operates under the control of computer 22, 
Wherein the direction of de?ection can be correlated With the 
RF energy being received. Alternatively, the beam de?ector 
assembly need not be controlled by computer 22 if a sensor 
is provided for registering de?ection position and generating 
a signal to the computer. 

[0053] As an alternative means of beam scanning, one or 
more movable de?ectors can be used to redirect the beam 
along a given scan path. Here, for example, the beam 
de?ector assembly may comprise rotating re?ecting mem 
bers that disperse the beam according to a predetermined 
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scanning pattern. By Way of example, a pair of rotating 
cylindrical de?ector cylinders may be utiliZed to de?ect the 
beam, Wherein the beam re?ected from the surface of a ?rst 
de?ector assembly (i.e., an X direction), con?gured as a 
cylindrical polygon having a plurality of faces from Which 
the RF beam is re?ected toWard a similar second de?ector 
assembly (i.e., a Y direction) With faces that are oriented 
perpendicular to the ?rst re?ector assembly. The de?ector 
assemblies Would be preferably con?gured to rotate at a 
predetermined angular rate, or alternatively in steps, Wherein 
the ?rst de?ector assembly horiZontally disperses the beam 
While the second re?ector assembly subsequently disperses 
the beam vertically. The ?rst and second de?ector assem 
blies preferably comprise motor driven rotating multi-sided 
prismatic mirrors, such as constructed of polished alumi 
num, With the X and Y mirrors being synchroniZed by gear 
reduction, or an alternate synchroniZation mechanism. It 
should also be appreciated that tilted re?ective plates, 
MEMs based re?ectors, and other mechanical de?ection 
mechanisms may be utiliZed to direct the beam to a scene 
from Which re?ections of the transmitted signal are corre 
lated. 

[0054] It Will be appreciated that the movement of the 
beam de?ector must be knoWn to the computer so that the 
direction of the beam at any given time may be determined, 
Which alloWs the re?ected signal being detected by the RF 
receiver to be combined, or otherWise correlated, With the 
beam direction for locating the amplitude information at the 
proper locations on an image display. TWo general methods 
of determining the output direction of the RF signal beam 
are available: (1) the computer controls the operation of the 
de?ector assembly, Wherein the programming associated 
With the computer has access to the direction information 
along the scan path, (2) a sensor is coupled to the de?ector 
assembly Whose output is received by the computer alloWing 
it to determine the output direction of the RF signal beam 
based on the position Within the scan path at a particular 
point in time. A de?ector assembly implementation should 
consider the effects of beam spreading, Wherein )t/d is the 
beam diffraction angle, While it should be recogniZed that 
reduced image sharpness Will occur as a consequence of 
increasing the distance to the target. 

[0055] While simple mechanical or electromechanical 
mechanisms are generally preferred for modulating the 
antenna direction, or modulating the orientation of a de?ec 
tor from Which the radio-frequency beam is re?ected toWard 
the target along a desired scan path, it Will be appreciated 
that beam scanning may be provided by alternative meth 
odologies for modulating the path of the RF output beam in 
relation to a target, such as conventional electronic scanning 
mechanisms or the like. FIG. 4 depicts an embodiment of 
the system in Which electronic beam scanning is performed. 
In this embodiment, the radiation pattern of an antenna array 
56 is modulated With an electronic beam steering assembly 
58 before passing through lens 44. The beam direction is 
modulated to folloW any desired scanning pattern, such as 
conventional spiral or raster scanning patterns. The elec 
tronic scanning may be provided in a number of Ways, such 
as by utiliZing phase relationships betWeen multiple antenna 
outputs, or by use of variable delay elements betWeen 
antenna outputs. 

[0056] It should be appreciated that the preceding beam 
direction modulation methods Were provided by Way of 
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example, and that the direction of the beam may also be 
modulated using electronic scanning means Which may 
utiliZe phase relationships and so forth to direct the beam 
along a scanning path. 

[0057] The method of the present invention may be imple 
mented Without the need of high-speed processors, or dedi 
cated DSP devices, to perform signal processing on the 
received signals; hoWever, enhancement of resolution and 
other image factors can be improved by optionally perform 
ing selected signal processing functions Within the softWare 
programming of the system. In addition, the use of signal 
processing alloWs for resolving quantitative data, such as 
object siZe and relative position, and can be combined With 
the use of predetermined thresholds for activating alarms 
and other forms of annunciating devices. Additional infor 
mation may be optionally combined Within the signals for 
the re?ected RF energy for concurrent display, or be dis 
played separately. Examples of this additional information 
include moving map displays, direction indications, and 
other metrics associated With the given application. 

[0058] Detector array elements 46 are preferably spatially 
separated and aimed in the general direction of the target 
area to be scanned. The detector array may have a horiZontal 
as Well as a vertical distribution in space to provide a Wide 
receiver aperture. The detector array should be placed in 
such a Way as to avoid initial re?ections of the microWave 
RF beam from the surface of the snoW in the target area. The 
use of tWo high frequency RF sources scanning the scene at 
slightly different angles can provide for the capture of stereo 
images to alloW three-dimensional images to be displayed. 
Preferably, the RF output from the tWo beam sources should 
be alternated in time When using the embodied detector 
scheme so that the transmission source associated With 
received signals may be differentiated according to temporal 
displacement. 

[0059] Certain simple embodiments of the present system 
may be subject to registering external RF interference along 
With the re?ected RF signal (signal echo) from the target 
area. The undesired registration of this background radiation 
may be compensated for in a number of Ways. One simple 
method of compensation is to suspend output of the RF 
output signal, or to otherWise redirect the RF output to 
prevent re?ections back into the detector, and to detect the 
magnitude of the RF signal at that time, Which corresponds 
to the background radiation associated With the given por 
tion of the scene. The compensation amplitude may then be 
subtracted from the detected re?ection amplitudes to com 
pensate for background radiation. It Will be appreciated that 
no additional hardWare is necessary for executing this pro 
cess as it may be performed by programming Which 
executes Within computer 22. If situations frequently arise in 
Which interfering background radiation is of signi?cantly 
higher amplitude than the scanning beam echo, then addi 
tional circuitry should be provided to differentiate the 
re?ected signal from background RF signals. For example, 
narroWband detection circuits, or a circuit capable of rec 
ogniZing a speci?c pattern in the transmitted scanning beam, 
Which provides for rejection of interfering background 
radiation. The conventional method utiliZed in radar receiver 
electronics may be adopted in Which mixer diodes and 
intermediate frequency (IF) modulation circuitry can be 
used to replace detector diodes 48 and provide increased 
rejection of the background radiation. 
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[0060] The resolution of the images being displayed can 
be improved Within computer 22 by performing pixel inter 
polation on a spatially displayed series of images, having a 
substantially knoWn spatial relationship, through the use of 
conventional synthetic aperture imaging techniques. It Will 
be appreciated that acquisition of the subpiXel shifted 
images Which are combined into an image of higher reso 
lution, may be provided by modulating the position of the 
imaging system in relation to the vehicle to Which it is 
attached, or by altering the position of the vehicle itself. The 
use of image processing can thereby reduce the cost of the 
system by reducing the required resolution of the associated 
components, such as the RF detectors. Generating position 
shifts by moving the vehicle for use in synthetic aperturing 
increases image resolution in an intuitive manner, as indi 
viduals attempting to get a better vieW of an object Will 
generally instinctively attempt to alter their perspective in 
relation to the object. The position data required for com 
bining the multiple frames of detector patterns may be 
derived from actual or computed movement factors of 
vehicle speed and position in relation to time, or by utiliZing 
an accurate means of acquiring the system position in 
relation to time Which reports back position data to the 
computer for making image calculations. Any of a number 
of position sensing systems may be utiliZed, such as inertial 
measurement units (IMU) and/or Global Positioning Sys 
tems (GPS). The use of an IMU coupled With a GPS, or the 
use of differential GPS can provide for highly accurate 
position indications. 
[0061] The imaging system of the present invention can be 
implemented in a straightforWard and cost-effective manner 
With regards to both hardWare and softWare. The present 
system is able to scan a scene in aZimuth and elevation from 
several meters above ground, and the detection process is 
sufficiently rapid to alloW the generation of a time-stream of 
pictures, similar to images generated from a video camera. 
It Will be appreciated that the present imaging system is 
superior in resolution, depth of scanning, simplicity of 
operation, cost, and siZe in comparison With attempting to 
utiliZe conventional ground-penetrating radar equipment to 
detect objects obscured beneath snoW. The spatial resolution 
provided by the present invention improves With increasing 
frequency and a resolution on the order of one centimeter 
may be achieved utiliZing a transmitter frequency of about 
4 GHZ. The high-resolution of the present system facilitates 
the detection and identi?cation of relatively small objects 
Within the target area. The maXimum frequency Which may 
be utiliZed for detecting objects beneath the snoW is gener 
ally related to the spacing that eXists betWeen snoW particles, 
Which is typically on the order from about 0.1 mm to about 
1 mm. 

[0062] Penetration of signals through snoW and ice Within 
the present invention provides an increase of about tWo 
orders of magnitude When compared to the use of typical 
ground-penetrating radar systems. It Will be recogniZed that 
a given amount attenuation occurs Within the Water of the 
snoW; hoWever, suf?cient signal strength should still be 
available for proper detection even With the use of a loW 
poWer RF transmitter. It Will be appreciated that the signal 
strength may be increased if additional amplitude Within the 
re?ected signals is required. The device may be optionally 
con?gured for manually or automatically adjusting trans 
mitter output poWer so that proper image rendering is 
assured for a given situation or environment. The present 
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invention facilitates the display of high-resolution, non 
specular images through the use of frequency and aperture 
diversi?cation, as Well as a non-coherent detection scheme. 

[0063] Scanning the transmitted beam over a range of 
angular displacements eliminates the necessity of physically 
moving a transmitter antenna over the surface of a given 
target area, such as over a snoW bank or other irregular 
surface. The transmitted beam may be scanned over the 
surface by mechanically changing the direction of the beam 
or by de?ecting the beam from a de?ector assembly. The 
scanning pattern may folloW any desired generally repetitive 
scan pattern, such as raster, spiral, helical, Palmer, nodding, 
and so forth. As described, the beam scanning means may 
redirect the beam output from the transmitter, either elec 
tronically, electromechanically, or mechanically. 

[0064] FIG. 5 depicts the basic imaging method of the 
present invention Which is capable of detecting objects 
Which may be obscured by snoW or material of similar 
composition. AnarroW high frequency RF signal beam, such 
as microWave in the 100 MHZ to 6 GHZ range, is generated 
at block 70. The RF signal beam is directed over a knoWn 
predetermined scan path toWard the target area in a process 
of scanning the target area, as shoWn in block 72. The scan 
path ascribes a tWo-dimensional path in the target area, 
Wherein tWo-dimensional images may be rendered by reg 
istering the magnitude of the re?ected RF over the scan path. 
Furthermore, an additional RF source may be utiliZed to 
direct a beam from a slightly different vantage point, 
Wherein combining the re?ecting information can alloW 
rendering three-dimensional images. The RF beam is in the 
appropriate frequency range and poWer to penetrate snoW to 
a depth of over tWo meters for impingement upon and 
re?ection from object surfaces found therein. The amplitude 
of the re?ected RF beam is detected Within a detector, as per 
block 74. An object detection signal is then generated in 
block 76 in response to the amplitude of the RF energy 
Which has been re?ected from objects in the target area in 
response to the direction of the RF signal beam output, such 
as aZimuth and elevation. It Will be appreciated that the 
amplitude and transmit direction may be correlated in a 
number of Ways Without departing from the teachings of the 
present invention. The output direction of the RF signal 
beam may be easily determined from the scan path position 
at a given instant in time. The correlation process preferably 
comprises generating an image signal for displaying the 
re?ected energy at the position on the display Which corre 
sponds With object position along the scan path. In a simple 
case, in Which the scan path of the RF beam folloWs the 
same path as the display scan path, such as raster scanning, 
the correlation entails simply converting detected amplitude 
to a signal amplitude Within the generated object signal. The 
object detection signal is annunciated in response to the 
position of detected objects Which may be obscured beneath 
a layer of snoW, as in block 78. Preferably, the annunciation 
is primarily performed on an image display unit Which 
displays an image of any object in the target area. Although 
less preferred, it Will be appreciated that alerts, such as 
audible, haptic, and/or visual, can be activated in response to 
the relative position and distance of objects being detected 
using the present method. 

[0065] FIG. 6 depicts a method of compensating for 
background radiation, that may otherWise detract from the 
proper detection of objects Within the target area. Similar to 
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FIG. 5, the RF signal beam is generated at block 90, scanned 
at block 92, and re?ections detected at block 94. However, 
in the present aspect of the invention, the generation, or 
directing of, the RF beam into the target area is suspended 
for a brief period of time as per block 96, during Which the 
background level of radiation is detected Which lies Within 
the frequency range of the RF beam, as depicted in block 98. 
In generating an object signal in block 100, the level of 
background radiation is subtracted from the re?ected signal 
to compensate for the spurious radiation. Annunciation, such 
as imaging, then folloWs according to block 102 as before. 

[0066] It Will be appreciated that suspending the genera 
tion or directing of the RF beam from the target area may be 
implemented in a number of Ways. For example, suspension 
may be achieved by actually turning off RF beam generation 
for short periods of time, or by periodically shifting the 
generated frequency out of the range of the detectors. The 
RF beam may also be maintained in an active state, yet be 
directed in a direction such that re?ections Will not be 
registered by the detector. This latter method is capable of 
detecting cross-coupling of the RF signal Within system 
circuitry Which is not the result of re?ections from an object 
surface. 

[0067] FIG. 7 depicts a resolution enhancement method 
Which can be utiliZed When the system is mounted on a 
moving platform. It Will be appreciated that resolution 
enhancement may be less preferably practiced by modulat 
ing the position of the transmitter and receiver, in relation to 
the vehicle, over a knoWn displacement. A narroW band RF 
signal is generated, scanned, and detected according to 
blocks 110, 112, and 114 from Which an object signal may 
be generated, as per block 116, and displayed in block 118. 
The resolution of the displayed image may be increased as 
shoWn in block 120, in response to the availability of 
spatially offset detector images Which are combined using 
pixel interpolation Within a synthetic aperture imaging tech 
nique to generate images of higher resolution. The spatially 
offset images are gathered from slightly differing vantage 
points of the imaging system in relation to the object, such 
as in response to movement of an associated vehicle. The 
images Which result from the synthetic aperture imaging 
method provide increased pixel resolution in relation to the 
individual contributing images. Use of the technique 
requires that position data be available Which relates the 
detector responses at the different spatial locations. The 
position may be determined from computing a location 
difference based on velocity and the time betWeen the 
captured data at the detector, or from a position sensing 
device, such as using a differential Global Positioning Sys 
tem (GPS), or similar means of detecting position, or 
changes thereof. The pixel interpolation, Which results in 
extending image resolution, may be performed as modi? 
cations of the object signal, or resulting displayed image, 
and it may be performed automatically in response to the 
availability of suf?cient spatially displaced detection pat 
terns. It Will be appreciated that the transmitter and detector 
position Within the system may be spatially modulated to 
provide the additional vieWs necessary to enhance image 
resolution. 

[0068] Accordingly, it Will be seen that this invention 
provide an imaging method and system for detecting objects 
obscured by a layer of snoW, and ?nds application in snoWy 
environments, such as for use in snoW removal equipment 
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and for use by searchers Within a snoW-laden environment. 
The embodiment of the present invention is exempli?ed 
using a number of beam scanning mechanisms, Which direct 
the beam itself or a re?ection of the beam toWard the target 
area along a scanning path. An array of RF detectors is 
utiliZed for registering the RF beam re?ected from objects 
Which are otherWise obscured by snoW. It Will be appreciated 
that one of ordinary skill in the art can implement the present 
invention utiliZing alternative forms of beam scanning and 
detection Without departing from the teachings of the present 
invention. Furthermore, it Will be appreciated that the exem 
pli?ed circuitry may be implemented according to numerous 
variations, apparent to one of ordinary skill in the art, 
Without departing from the teachings of the present inven 
tion. 

[0069] Although the description above contains many 
speci?cities, these should not be construed as limiting the 
scope of the invention but as merely providing illustrations 
of some of the presently preferred embodiments of this 
invention. Therefore, it Will be appreciated that the scope of 
the present invention fully encompasses other embodiments 
Which may become obvious to those skilled in the art, and 
that the scope of the present invention is accordingly to be 
limited by nothing other than the appended claims, in Which 
reference to an element in the singular is not intended to 
mean “one and only one” unless explicitly so stated, but 
rather “one or more.” All structural, chemical, and functional 
equivalents to the elements of the above-described preferred 
embodiment that are knoWn to those of ordinary skill in the 
art are expressly incorporated herein by reference and are 
intended to be encompassed by the present claims. More 
over, it is not necessary for a device or method to address 
each and every problem sought to be solved by the present 
invention, for it to be encompassed by the present claims. 
Furthermore, no element, component, or method step in the 
present disclosure is intended to be dedicated to the public 
regardless of Whether the element, component, or method 
step is explicitly recited in the claims. No claim element 
herein is to be construed under the provisions of 35 U.S.C. 
112, sixth paragraph, unless the element is expressly recited 
using the phrase “means for.” 

What is claimed is: 
1. An apparatus for detecting an object Which may be 

obscured beneath a covering of snoW or other material, 
comprising: 

(a) means for generating a radio-frequency (RF) scanning 
beam over a predetermined scan path; and 

(b) means for detecting the magnitude of a re?ection of 
said beam from an object in said scan path, correlating 
the direction of said scanning beam With the magnitude 
of said re?ection, and generating spatial information 
regarding said object from said correlation. 

2. An apparatus as recited in claim 1, Wherein said means 
for generating a radio-frequency (RF) scanning beam over a 
scan path comprises: 

(a) an RF transmitter; and 

(b) a beam scanning device con?gured to spatially modu 
late output signals from said RF transmitter. 

3. An apparatus as recited in claim 1, Wherein said means 
for detecting the magnitude of a re?ection of said scanning 
beam from an object in said scan path, correlating the 
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direction of said scanning beam With the magnitude of said 
re?ection, and generating spatial information regarding said 
object from said correlation, comprises: 

(a) an RF receiver; 

(b) a computer; and 

(c) programming associated With said computer for, 

(i) correlating the direction of said scanning beam With 
the magnitude of said re?ection, and 

(ii) generating an object detection signal; 

(d) Wherein said object detection signal provides spatial 
information about one or more objects in said scan 
path. 

4. An apparatus for detecting an object Which may be 
obscured beneath a covering of snoW or other material, 
comprising: 

(a) an RF transmitter; 

(b) a beam scanning device con?gured to spatially modu 
late output signals from said RF transmitter and form a 
scanning beam; and 

(c) means for detecting the magnitude of a re?ection of 
said scanning beam from an object in said scan path, 
correlating the direction of said scanning beam With the 
magnitude of said re?ection, and generating spatial 
information regarding said object from said correlation. 

5. An apparatus as recited in claim 4, Wherein said means 
for detecting the magnitude of a re?ection of said scanning 
beam from an object in said scan path, correlating the 
direction of said scanning beam With the magnitude of said 
re?ection, and generating spatial information regarding said 
object from said correlation, comprises: 

(a) an RF receiver; 

(b) a computer; and 

(c) programming associated With said computer for, 

(i) correlating the direction of said scanning beam With 
the magnitude of said re?ection, and 

(ii) generating an object detection signal; 

(d) Wherein said object detection signal provides spatial 
information about one or more objects in said scan 
path. 

6. An apparatus for detecting an object Which may be 
obscured beneath a covering of snoW or other material, 
comprising: 

(a) means for generating a radio-frequency (RF) scanning 
beam over a predetermined scan path; 

(b) an RF receiver; 

(c) a computer; and 

(d) programming associated With said computer for, 

(i) correlating the direction of said scanning beam With 
the magnitude of said re?ection, and 

(ii) generating an object detection signal; 

(e) Wherein said object detection signal provides spatial 
information about one or more objects in said scan 
path. 
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7. An apparatus as recited in claim 6, Wherein said means 
for generating a radio-frequency (RF) scanning beam over a 
scan path comprises: 

(a) an RF transmitter; and 

(b) a beam scanning device con?gured to spatially modu 
late output signals from said RF transmitter. 

8. An apparatus for detecting an object Which may be 
obscured beneath a covering of snoW or other material, 
comprising: 

(a) an RF transmitter; 

(b) a beam scanning device con?gured to spatially modu 
late output signals from said RF transmitter and form a 
scanning beam; 

(c) an RF receiver; 

(d) a computer; and 

(e) programming associated With said computer for, 

(i) correlating the direction of said scanning beam With 
the magnitude of said re?ection, and 

(ii) generating an object detection signal; 

(f) Wherein said object detection signal provides spatial 
information about one or more objects in said scan 
path. 

9. An apparatus as recited in claim 1, 4, 6 or 8, Wherein 
said scanning beam has an RF frequency in the range from 
approximately 100 MHZ to approximately 6 GHZ. 

10. An apparatus as recited in claim 9, Wherein said RF 
frequency is approximately 4 GHZ. 

11. An apparatus as recited in claim 1, 4, 6 or 8, Wherein 
said scanning beam has an RF poWer level in the range from 
approximately 100 mW to approximately 2 W. 

12. An apparatus as recited in claim 11, Wherein said RF 
poWer level is approximately 1 W. 

13. An apparatus as recited in claim 2, 4, 7 or 8, Wherein 
said RF transmitter comprises: 

(a) an RF Waveform generator; 

(b) an RF poWer ampli?er connected to said radio fre 
quency Waveform generator. 

14. An apparatus as recited in claim 13, further compris 
ing an antenna connected to said poWer ampli?er. 

15. An apparatus as recited in claim 14, further compris 
ing a negative refractive index lens positioned in the output 
path of said antenna. 

16. An apparatus as recited in claim 14, Wherein said 
antenna comprises a rutile dielectric-?lled horn. 

17. An apparatus as recited in claim 2, 4, 7 or 8, Wherein 
said beam scanning device is con?gured to spatially modu 
late signals from said RF transmitter by modulating the 
phase relationship betWeen multiple antennas connected to 
said RF transmitter. 

18. An apparatus as recited in claim 2, 4, 7 or 8, Wherein 
said beam scanning device is con?gured to spatially modu 
late signals from said RF transmitter by modulating the 
direction of an antenna connected to said RF transmitter. 

19. An apparatus as recited in claim 2, 4, 7 or 8, Wherein 
said beam scanning device is con?gured to spatially modu 
late signals from said RF transmitter by modulating the 
direction of a beam de?ector device upon Which said RF 
signals impinge. 
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20. An apparatus as recited in claim 3, 5, 6 or 8, further 
comprising: 

a display unit adapted to receive said object detection 
signal and to display images of said detected objects. 

21. An apparatus as recited in claim 20, further compris 
ing synthetic aperture imaging means for combining mul 
tiple images of the target area by piXel interpolation to 
generate composite images of the target area having higher 
image resolution than provided by the individual contribut 
ing images. 

22. An apparatus as recited in claim 21, Wherein said 
synthetic aperture imaging means comprises: 

(a) a computer con?gured to receive and store multiple 
spatially displaced object images; and 

(b) programming associated With said computer for, 

(i) interpolating betWeen piXels of said spatially dis 
played object images to combine the images into a 
composite image having a higher image resolution 
than the individual contributing images. 

23. An apparatus as recited in claim 3, 5, 6 or 8, Wherein 
said RF receiver comprises: 

(a) a detector array; and 

(b) a summing ampli?er con?gured to sum and amplify 
signals received by said detector array. 

24. An apparatus as recited in claim 23, Wherein said 
computer controls the gain of said summing ampli?er. 

25. An apparatus as recited in claim 23, Wherein said 
detector array comprises: 

(a) a plurality of antennas; and 

(b) a plurality of RF detectors associated With said anten 
nas. 

26. An apparatus as recited in claim 25, Wherein said RF 
detectors comprise Schottky diodes. 

27. An apparatus as recited in claim 1, 4, 6 or 8, further 
comprising means for periodically suspending, or redirect 
ing, said generated radio-frequency beam, and for detecting 
the level of background radiation present for use in com 
pensating the object detection signal for background radia 
tion levels. 

28. An apparatus as recited in claim 27, Wherein said 
means for periodically suspending, or redirecting, said 
radio-frequency transmissions comprises: 

programming eXecuted on a computer and adapted to 
selectively deactivate, or redirect, the output of said 
radio-frequency transmitter so that the background 
radiation level may be detected. 

29. An apparatus as recited in claim 3, 5, 6 or 8, further 
comprising an annunciator responsive to said object detec 
tion signal for indicating detection of an object. 

30. An apparatus as recited in claim 29, Wherein said 
annunciator is selected from the group consisting essentially 
of audible, visual, haptic, and kinesthetic alert devices. 

31. Amethod of detecting objects Whose visibility may be 
obscured by a layer of snoW, comprising: 
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generating a narroW radio-frequency signal beam of suf 
?cient frequency and poWer to penetrate snoW; 

scanning said signal beam over a predetermined scan path 
oriented toWard a target area; 

detecting the amplitude of the re?ected radio-frequency 
signal beam; and 

generating an object detection signal based on correlating 
said predetermined scan path With the amplitude of said 
detected radio-frequency signal. 

32. A method as recited in claim 31, further comprising: 

annunciating said object detection signal to provide infor 
mation about objects obscured from vieW by snoW, or 
material of similar composition. 

33. A method as recited in claim 32, Wherein said annun 
ciating of said object detection signal is performed by 
displaying an image of objects on a display in response to 
radio-frequency signal re?ections from said target area. 

34. A method as recited in claim 31, further comprising: 

suspending the generation of the radio-frequency signal 
beam for predetermined periods of time; 

detecting the level of background radiation that is present 
during said suspension of radio-frequency signal beam 
generation; and 

compensating for the background radiation When gener 
ating said object detection signal. 

35. A method as recited in claim 31, further comprising: 

enhancing image resolution by performing synthetic aper 
ture imaging in Which image piXel intensity is interpo 
lated based on the amplitude of the radio-frequency 
signal beams being detected from spatially displaced 
locations. 

36. A method as recited in claim 31, Wherein said narroW 
high frequency radio-frequency signal beam is generated 
Within an approXimate range of frequencies betWeen 100 
MHZ and 6 GHZ. 

37. A method as recited in claim 31, Wherein the step of 
scanning said signal beam over a predetermined scan path 
comprises de?ecting said narroW high frequency radio 
frequency signal beam toWard said target area folloWing a 
predetermined scanning pattern. 

38. A method as recited in claim 31, Wherein said gen 
eration of said object detection signal comprises combining 
the amplitude of said detected radio-frequency signal and 
position information along said predetermined scan path. 

39. A method as recited in claim 31, further comprising 
generating secondary feedback to alert an operator of said 
system. 

40. A method as recited in claim 39, Wherein said sec 
ondary feedback comprises audible, video, or kinesthetic 
operator feedback. 

41. A method as recited in claim 40, Wherein said kines 
thetic feedback comprises coupling a haptic feedback device 
to the seat, or controls, of said operator. 

* * * * * 


