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(57) ABSTRACT 

The present invention is an apparatus and method for 
displaying a foreign body in a relatively uniform mass 
having similar electromagnetic impedance as the foreign 
body comprising of at least tWo ultra Wide band holographic 
radar units adapted to generate; transmit and receive a 
plurality of 12-20 GHZ frequency signals in a dual linear 
antenna With slant-angle illumination. The invention may be 
utilized to obtain qualitative and quantitative data regarding 
the composition of the object under investigation. 
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APPARATUS AND METHOD FOR HOLOGRAPHIC 
DETECTION AND IMAGING OF A FOREIGN 
BODY IN A RELATIVELY UNIFORM MASS 

FIELD OF THE INVENTION 

[0001] The present invention is an apparatus and method 
for ultra Wide band (UWB) radar holographic detection and 
imaging. The present invention relates generally to the ?eld 
of ground penetrating radar (GPR) With a unique illumina 
tion method for detecting and imaging non-uniform objects. 

BACKGROUND OF THE INVENTION 

[0002] Previously, it has been shoWn that metallic and 
non-metallic type objects concealed Within or close to the 
surface of the earth can be detected by conventional metal 
detectors, and With conventional GPR radar searching appa 
ratuses. The most Widely practiced technology for detection 
of near surface metallic objects has been the conventional 
“metal detector” device. 

[0003] The ?rst major obstacle in ?elding a reliable GPR 
radar system arises When attempting to detect foreign 
objects in a relatively uniform mass having a similar elec 
tromagnetic impedance (dielectric constant) as the foreign 
object. When a buried object has a similar dielectric constant 
to the surrounding soil, it is essentially hidden from a 
conventional GPR searching radar signal. For example, 
plastic mines are constructed With materials that are typi 
cally the same electromagnetic impedance (dielectric con 
stant) as dry sand produce extremely small re?ections back 
to the searching radar. The typical dielectric constant for dry 
sand is from 3 to 4. GPR experiments With simulated plastic 
mines (inert explosive) supplied by the US. Army (Fort 
Belvoir) indicate these small re?ections are less than 0.5 db 
above the sand re?ection. If the radar is to detect these small 
mines, the surface re?ection and the mine’s re?ection must 
be separated. 

[0004] A typical metal detector is essentially ineffective 
and useless in the detection of small non-uniform objects 
buried in a relative uniform mass having a similar electro 
magnetic impedance as the foreign object. Current GPR 
systems use loW frequencies (~250 MHZ to 1 GHZ) and 
vertical illumination techniques and are ineffective in detect 
ing and imaging small near surface plastic mines because (1) 
the loW frequency GPR Wave lengths are to long for accu 
rately imaging the small mines and (2) the mine’s small 
re?ections are concealed in the strong surface re?ection 
Which is not de?ected aWay from the receiver. 

[0005] The second major obstacle for conventional GPR is 
the loWer frequencies limit the imaging (object character 
iZation) capability of the systems since resolution is propor 
tional to Wavelength (inversely proportional to frequency). 
The loWer frequency in such systems inhibit their ability to 
generate high enough resolution “3-D” images in order to 
identify small objects such as anti-personnel mines 
even if they Were able to detect them. To effectively image 
(accurately siZe) and characteriZe objects the radar Wave 
length must be smaller than the object. Typically, AP plastic 
mines are approximately 2 cm in diameter and conventional 
GPR radar Wavelengths (~70 cm to 20 cm) are much greater 
than these dimensions. This relationship negates imaging 
them With any degree of resolution for identi?cation pur 
poses. 
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SUMMARY OF THE INVENTION 

[0006] The present invention is an apparatus for display 
ing a foreign body in a relatively uniform mass having 
similar electromagnetic impedance as the foreign body 
comprising of at least tWo ultra Wide band holographic radar 
units adapated to generate, transmit and receive a plurality 
of 12-20 GHZ frequency signals in a dual linear antenna With 
slant-angle illumination. The radar units have at least one 
transmitting antenna adapted to transmit the 8-20 GHZ 
frequency signals generated from the radar unit Wherein the 
transmitting antenna de?nes an acute angle relative to the 
surface of the relatively uniform mass. Moreover, the radar 
units have at least one receiving antenna adapted to receive 
a plurality of re?ected signals from the foreign body Wherein 
the receiving antenna de?nes an acute angle relative to the 
surface of the relatively uniform mass. 

[0007] The present invention further comprises of a radar 
unit having at least one holographic transceiver adapted to 
process the received signal Wherein the transceiver com 
prises of a high voltage controlled oscillator and at least one 
loWer frequency oscillator. 

[0008] The radar units further having at least one ?rst 
signal transporter for transporting the received signals from 
the receiving antenna and to the transceiver. The radar units 
further having at least one second signal transporter for 
transporting the processed signal from transceiver and to a 
imaging display unit. The radar units further having at least 
one imaging display unit adapted to display a plurality of the 
process signals. 

[0009] A further aspect of the present invention deter 
mines the presence of the foreign body by identifying the 
presence of signal intensity peaks in the re?ected signal. The 
depth of the foreign body is indicated by the difference in 
time of the appearance of the signal intensity peaks. 

[0010] A typical embodiment of the present invention 
places the transmitting and receiving antennas at an acute 
angle of about 20 degrees to about 40 degrees With respect 
to the surface of the relatively uniform mass. A more 
preferred embodiment of the present invention places the 
transmitting and receiving antennas at an acute angle of 
about 30 degrees With respect to the surface of the relatively 
uniform mass. 

[0011] A further aspect of the present invention is a 
method of detecting and imagining foreign objects in a 
relative uniform mass comprising the steps of generating a 
plurality of 12-20 GHZ frequency Wide band signals from at 
least tWo holographic radar units Wherein said holographic 
radar unit comprises of at least one transmitting antenna and 
at least one receiving antenna. A typical method is trans 
mitting at least one 12-20 GHZ frequency Wide band signal 
at a ?rst acute angle relative to the surface of a relatively 
uniform mass, and receiving at least one re?ected signal at 
a second acute angle relative to the surface of said relatively 
uniform mass. The received signal is transmitted by a ?rst 
signal transporter from receiving antenna and to a holo 
graphic transceiver. The transported signal is processed With 
at least one holographic transceiver. A processed signal is 
transported by a second signal transporter from at least one 
transceiver and to at least one imaging display unit, Where 
the processed signal is displayed. 
[0012] Another aspect of this present invention is a 
method Wherein a transmitting and receiving antennae are 
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positioned typically at an acute angle of between about 20 
degrees and up to about 40 degrees With respect to said 
relatively uniform mass surface. 

[0013] The most preferred embodiment of the present 
method has the transmitting and receiving antennae angled 
about 30 degrees With respect to the relatively uniform mass 
surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a holographic single array slant angle 
illumination Without a buried mine in the sand. 

[0015] FIG. 2 is a holographic single array slant angle 
illumination With a buried mine in the sand. 

[0016] 
nation. 

FIG. 3a is a holographic dual slant angle illumi 

[0017] FIG. 3b is a computer generated holographic dual 
array slant angle illumination of a buried mine. 

[0018] FIG. 4 is simpli?ed block diagram of a Wide band 
holographic radar. 

[0019] FIG. 5 is a graph illustrating Wide band holo 
graphic signals for stationary point objects. 

[0020] FIG. 6 is a graph illustrating point object holo 
graphic signals. 
[0021] FIG. 7 is a ?gure illustrating sWeep frequency 
holographic data. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to the embodiments illustrated in the draWings and speci?c 
language Will be, used to describe the same. It Will never 
theless be understood that no limitation of the scope of the 
invention is thereby intended. Any alterations and further 
modi?cations in the described embodiments, and any further 
applications of the principles of the invention as described 
herein are contemplated as Would normally occur to one 
skilled in the art to Which the invention relates. It is to be 
understood that, While the instant invention is described in 
the environment of detecting buried nonmetallic mines, the 
invention is also useful in a number of other environments, 
for eXample, underground pipe location and buried Waste 
characteriZation. A ?rst embodiment invention is shoWn in 
great detail, although it Will be apparent to those skilled in 
the art that some of the features Which are not relevant to the 
invention may not be shoWn for the sake of clarity. 

[0023] A ?rst embodiment of the present invention illus 
trates the condition Without a buried mine in FIG. 1. The 
Holographic Radar 4 comprises at least one transmit array 1 
and a Holographic Receive array 2 Which are placed so the 
length of the arrays are parallel to the ground surface and the 
arrays are illuminating the region of interest at a slant angle 
6 With the ground surface, REF #8. The array slant angle 6 
is typically 30-degress from the normal to the ground 
surface. The transmit array 1 transmits a plurality of radar 
signals 3 toWard the ground surface. In this orientation the 
radar transmit energy Which impinges on the ground surface 
at an angle 6. The large surface re?ection component 7 
glances off into free space and is not part of the re?ected 
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signal. The transmit signal 11 that penetrates the ground 
surface 5 is absorbed in the ground substrate. Without a 
return signal separation capability (Slant Angle Illumina 
tion) it is not possible With current technology to ?eld a 
reliable GPR radar system for the detection of nonmetallic 
buried objects. 
[0024] FIG. 2 is a further embodiment of the present 
invention that shoWs this signal separation effect and illus 
trates What happens When a buried plastic mine is present. A 
plastic mine 3 is located beneath the surface 8 of a predomi 
nately silica-type soil 5. The Holographic Transmit array 1 
and the Holographic Receive array 2 are placed so the length 
of the arrays are parallel to the ground surface and the arrays 
are illuminating the region of interest at a slant angle 6 With 
the ground surface. The array slant angle 6 is typically 
30-degress from the normal to the ground surface. The 
transmit array 1 transmits a plurality of radar signals 3 
toWard the ground surface. In this orientation the radar 
transmit energy impinges on the ground surface at an angle. 
The large surface re?ection component 7 glances off into 
free space and is not part of the re?ected signal. Asigni?cant 
component of the transmit signal 11 enters the soil and 
propagates to the buried mine 3. The surface or edge of the 
mine 9 re?ects a signal 13 that propagates back through the 
air 15 to the receive array 2. The orientation geometry of the 
array With the ground surface causes the small mine re?ec 
tion signal 13 to re?ect back to the receive array 2, While the 
large surface re?ection 7 is directed aWay from the receiver 
array 2 effectively separating the tWo signals. Consequently, 
the small signal 13 from the object of interest is not 
overWhelmed by the strong surface return signal 15. 

[0025] FIG. 3a shoWs the geometry of a Holographic 
Dual Array Slant Angle system. TWo arrays are utiliZed 
providing opposing illumination and more complete cover 
age is an improved method of detecting foreign objects in 
relative uniform mass the steps comprising transmitting a 
plurality of high frequency Wide band signals from a slant 
angle dual linear array con?guration of holographic radar 
type underground searching apparatus. Holographic Radar 4 
comprises of at least one holographic radar transmit array 
comprising a linear array of antennas, spaced evenly, With a 
length dependent on the aperture requirement of the appli 
cation. Typically the antenna spacing is Z/3 the Wavelength of 
the center frequency. The Wavelength of 15 GhZ in air is 2 
cm, so typically the antenna spacing Would be 1.3 cm. The 
array Would be typically 50 cm in length. The holographic 
receive array 2 is identical to the transmit array and placed 
along side the transmit array by a separation of 2 cm. The 
holographic radar transmit and receive arrays 1 and 2 are 
connected to holographic radar 4 and the transmit and 
receive arrays 21 and 22 connected to holographic radar 24. 
The holographic radar’s transmitting 1 and 21 and receiving 
2 and 22 arrays have typically a 30 degree slant-angle With 
respect to average ground surface illumination. First trans 
mitting array 1 transmits a plurality of high frequency (8-20 
GHZ) Wide band signals to illuminate the earth surface at 
approximately 30 degree angle and re?ects a signal aWay 
from the holographic radar 4 While holographic radar 24 is 
off. Holographic radar 4 receives a re?ected signal at receive 
array 2 only When a buried mine is present (see FIG.1 
through FIG. 3a). Then holographic radar 24 is turned on 
and transmits a plurality of high frequency Wide band 
signals from transmit array 21 at a typical 30 degree acute 
angle With respect to average ground surface. Holographic 
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radar 24 receives a re?ected signal at receive array 22 only 
When a buried mine is present (see FIG. 3a). The tWo 
opposing arrays illuminate the buried object from both sides 
and the composite high-resolution “3-D” image (top vieW) 
appears as tWo half-circles or crescents. The tWo crescents 
de?ne the siZe of the mine in top vieW. Multiple 3-dimen 
sional vieWs of the buried object can be generated With these 
data, and Will de?ne its depth and orientation for accurate 
identi?cation. Areal time system Will have the unique ability 
to generate 10 images per second in 3-dimensional vieW. 
This Will signi?cantly reduce the false alarm rate and 
provide the operator With a reliable detection and identi? 
cation system for eliminating these devices. 

[0026] The high frequency Wide band signals (12-20 GHZ) 
are then processed by the holographic radar transceiver, and 
then sent to a computer for “3-D” image reconstruction and 
TV display in real time. The computer reconstruction algo 
rithm is described Well in the paper “Three-Dimensional 
Millimeter-Wave Imaging for Concealed Weapon Detec 
tion”, D M Sheen, et al., IEEE Transactions on MicroWave 
Theory and Techniques, VOL. 49, No 9, Sep. 2001. 

[0027] The images generated by the tWo separate array 
system are subsequently integrated for a composite image. 
FIG. 3b shoWs the eXtremely high resolution top vieW “3D” 
image of a near surface plastic mine illustrating the capa 
bility of the Holographic Dual Slant single array GPR 
system. One could imagine more arrays implemented and 
their results integrated for more complete coverage. The 
advantage of a dual array system is that it gives suf?cient 
coverage and alloWs for the arrays themselves to be any 
practical length so that a large sWath can be covered at one 
time. Each array system generates one-half of the circular 
mine image and then they are integrated into a single image 
as shoWn in FIG. 3b. 

[0028] FIG. 4 is a simpli?ed block diagram of a typical 
Wide band heterodyne radar transceiver that can be used in 
a dual array slant angle illumination GPR (12-20 GhZ). In 
summary, the sWeep frequency radar transceiver consists of 
a high frequency (12-20 GHZ) voltage controlled oscillator 
(VCO) 61 and one loWer frequency (70 MHZ) oscillator 
(OSC) 63 used as the intermediate frequency. The common 
dual frequency heterodyne design simpli?es the system by 
reducing the number of components required at the higher rf 
frequency. The resulting output signals, SOI and SOQ, are then 
digitiZed by a computer for subsequent 3-dimensional image 
reconstruction and display. The imaging algorithm imple 
mented is Well described in the paper previously referenced 
in paragraph [0014]. 
[0029] Speci?cally, the VCO 61 output signal 65, SI(AT 
cos Wt), is transmitted by the antenna, T, and propagates to 
the object through air and the ground material, re?ects off 
the object, and propagates back the receive array antenna. 
The VCO 61 is rapidly sWept from 12 to 20 GhZ for each 
antenna pair in the slant array. The received signal is 
captured after a delay travel time of 

[0030] Where R is the distance to the object, and c is the 
velocity of Wave propagation. The received signal 69 at the 
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antenna, R, is SO (AO cos(Wt+q)O)) and contains the object’s 
re?ectivity information in both phase ((1)0) and amplitude 
(A0). Areference signal 77 SIi=AiAT COS(W—Wi)I is generated 
in the transceiver by multiplying the VCO output,f, With the 
intermediate frequency signal 71 Si(Ai cos Wit) using miXer 
73. The result of this multiplication is COS(W—Wi)I+ 
AiAT COS(W+Wi)I) Which has a loW and high frequency 
component. Atuned loW pass ?lter 75 is placed in the system 
at this point to retain only the loW frequency component of 
this signal and the reference signal 77 SIi+AiAT COS(W—Wi)I 
is generated. The signal processing continues With the 
reference signal 77 being multiplied With the received signal 
69 using miXer 79. The result of this multiplication is 
AiATAO cos(2 WI+(])O—WiI)+AiATAO cos(q)O+Wit) Which has a 
high frequency component and a loW frequency component. 
The loW frequency component of the signal is retained by 
applying a loW pass ?lter 81 to the signal at this point. The 
resulting object signal 83 (SOi=kAO cos(Wit+q)O)) is the object 
phase information modulated at the IF frequency,fi. The 
object signal 83 is multiplied With the IF signal at miXer 85. 
The object signal 83 is also multiplied With a component of 
the IF signal that has been shifted in phase by a 90-degree 
phase shifter 87 Ai S1I1(WiI). This component is multiplied 
With the object signal 83 at miXer 89. The results of these 
tWo multiplications are tWo signals in quadrature. The 
in-phase component is given by kAO COS(2WiI+(])O)+kAO 

[0031] The quadrature component is given by kAO 
S1I1(2WiI+(])O)+kAO sin(q)o). The ?nal signals are generated by 
passing through tuned loW pass ?lters 91 and 93 to remove 
the high frequency components. These ?nal processed holo 
graphic signals are the in-phase SOI=KAO cos (I)O 95 and 
quadrature SOQ=KAO sin (I)O 97 Which contain the object’s 
amplitude (A0) and phase information ((1)0). Note that the 
object’s amplitude and phase of the original high frequency 
received signal SO=AO cos(Wt+q)O) 69 are faithfully recorded 
in terms of the tWo loW frequency signals. The object’s 
phase and amplitude can then be calculated using the 
folloWing equations: 

quadraturesignal] -1 =[ $0 an [ inphasesignal 

[0032] The in-phase and quadrature signals are then digi 
tiZed and processed in a computer using the holographic 
image algorithm referenced earlier in [0014] and the “3-D” 
image is subsequently displayed. 

[0033] FIG. 5 is a diagram shoWing the sWeep frequency 
signal processing for a single stationary point object. The 
transmit signal 100 is shoWn as a function of the sWeep 
frequency and the receive signal 102 is delayed in time as a 
result of the object’s distance. This delayed signal is then 
multiplied With the transmit reference signal. The loW fre 
quency component is retained With a loW pass ?lter as 
described in the previous paragraph. The result is a differ 
ence frequency (fd) signal for each object distance. The 
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object’s distance (R) varies as the antenna scans along the 
line and the mixer signal is a unique difference frequency for 
each distance given by the simple equation: 

[0034] Where B=sWeep frequency bandwidth, T=sWeep 
time, c=speed of light, and R=target distance. The difference 
frequencies are linear function of object range and are 
usually in the kilohertZ range for most radar applications. 

[0035] The hologram signals are generated from sampling 
the received difference frequency signals (see FIG. 4) While 
the VCO is sWept through the band of interest (in this case 
12-20 GHZ). In the simple eXample shoWn in FIG. 4 the 
transmit signal 100 is sWept in frequency. Some time later 
the received signal 102 is detected from a simple single point 
object at a distance of R1. This eXample shoWs the recorded 
signal for this scenario. 

[0036] If the antenna is mechanically translated across the 
object along a line 102 the resulting signals are represented 
on FIG. 5. Since the distance from the antenna to the point 
object varies as the antenna is translated, the recorded signal 
changes in amplitude and phase accordingly. In FIG. 6 the 
line 118 traces through the signals at a speci?c discrete rf 
frequency. FIG. 7 alternately shoWs this With actual data 
from a transceiver sWept from 7.5 GHZ to 22.5 GhZ. The 
object is a single point re?ector at a distance R from the 
antenna. The recorded Waveform 131 is displayed pictorially 
on the left. Individual discrete frequency graphs 133 are 
shoWn in the center. Of particular interest are the actual 
single frequency holograms 135 shoWn on the right. These 
are representative data of discrete frequency plots of a 
2-dimensional physical scan of the antenna system over a 
single point re?ector. 

[0037] The invention Was tested using an ultra Wide band 
holographic radar, 12 to 20 gigahertZ mounted on an X-y 
scanner using simulated antipersonnel mines in dry sand. 
The high frequency ultra Wide band holographic radar 
system is required to provide adequate 3-dimensional image 
resolution for identi?cation of small objects. LoWer fre 
quency radar systems lack this ability as a result of their 
larger Waver lengths, thus have a loWer lateral image reso 
lution. The novel slant-angle linear array con?guration for 
detection and identi?cation of buried objects signi?cantly 
reduces the false alarm rate and provides the operator With 
a reliable detection and identi?cation system for eliminating 
these devices from terra ?rma. 

CLOSURE 

[0038] While the invention has been described in connec 
tion With speci?c embodiments thereof, it Will be understood 
that it is capable of further modi?cations and this application 
is intended to cover any variations, uses, or adaptations of 
the invention folloWing, in general, the principles of the 
invention and including such departures from the present 
disclosure as come Within knoWn or customary practice 
Within the art to Which the invention pertains and as may be 
applied to the essential features herein before set forth and 
as folloWs in scope of the appended claim. 
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We claim: 

1) An apparatus for displaying a foreign body in a 
relatively uniform mass having similar electromagnetic 
impedance as said foreign body comprising the steps of: 

a) At least tWo ultra Wide band holographic radar unit 
adapted to generate, transmit and receive a plurality of 
12-20 GHZ frequency signals in a dual linear antenna 
With slant-angle illumination; 

b) said radar units having at least one transmitting antenna 
adapted to transmit said 12-20 GHZ frequency signals 
generated from said radar unit Wherein said transmit 
ting antenna propagating said 12-20 GHZ signal de?nes 
a ?rst acute angle relative to the surface of said rela 

tively uniform mass; 

c) said radar units having at least one receiving antenna 
adapted to receive re?ected signals re?ecting off said 
foreign SIET Wherein said receiving antenna de?nes a 
second acute angle relative to the surface of said 
relatively uniform mass; 

d) said radar units further having at least one holographic 
transceiver adapted to process said received signals 
Wherein the transceiver comprises of a high frequency 
voltage controlled oscillator and at least one loWer 

frequency oscillator; 

e) said radar units further having at least one ?rst signal 
transporter for transporting said received signals from 
said receiving antenna and to said transceiver; 

f) said radar units further having at least one second signal 
transporter for transporting the processed signal from 
transceiver and to a imagining display unit; 

g) said radar units further having at least one imaging 
display unit adapted to display a plurality of said 
processed signals. 

2) The apparatus as recited in claim 1, Wherein the 
presence of said foreign body is identi?ed by the presence of 
signal intensity peaks in said re?ected signal. 

3) The apparatus as recited in claim 1, Wherein depth of 
said foreign body is indicated by the difference in time of the 
appearance of said signal intensity peaks. 

4) The apparatus as recited in claim 1, Wherein said 
transmitting antenna is positioned at an acute angle of 
betWeen about 20 degrees to about 40 degrees With respect 
to ground surface. 

5) The apparatus as recited in claim 1, Wherein said 
transmitting antenna is positioned at an acute angle of about 
30 degrees With respect to the surface of the relatively 
uniform mass. 

6) The apparatus as recited in claim 1, Wherein said 
receiving antenna is positioned at an acute angle of betWeen 
about 20 degrees to about 40 degrees With respect to ground 
surface. 

7) The apparatus in claim 1, Wherein said receiving 
antenna is positioned at an angle of about 30 degrees With 
respect to ground surface. 
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8) A method of detecting and imaging foreign objects in 
a relative uniform mass comprising the steps of: 

a) Generating a plurality of 12-20 GHZ frequency Wide 
band signals from at least tWo holographic radar units 
Wherein said holographic radar unit comprises of at 
least one transmitting antenna and at least one receiving 
antenna. 

b) Transmitting at least one 12-20 GHZ frequency Wide 
band signal at a ?rst acute angle relative to the surface 
of a relatively uniform mass; 

c) Receiving at least one re?ected signal at a second acute 
angle relative to the surface of said relatively uniform 
mass; 

d) Transmitting said received signal by a ?rst signal 
transporter from receiving antenna and to a holographic 
transceiver; 

e) Processing the received signal With said at least one 
holographic transceiver; 
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f) Transporting the processed signal by a second signal 
transporter from said at least one transceiver and to at 
least one imaging display unit; 

g) Displaying said processed signal. 
9) A method as recited in claim 8, Wherein a transmitting 

antenna is positioned at an acute angle of betWeen about 20 
degrees and up to about 40 degrees With respect to said 
relatively uniform mass surface. 

10) Amethod as recited in claim 8, Wherein a transmitting 
antenna is angled about 30 degrees With respect to the 
relatively uniform mass surface. 

11) A method as recite in claim 8, Wherein a receiving 
antenna is angled betWeen about 20 degrees and up to about 
40 degrees With respect to said relatively uniform mass 
surface. 

12) A method as recited in claim 8, Wherein a receiving 
antenna is angled about 30 degrees With respect to the 
relatively uniform mass surface. 

* * * * * 


