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Field of the Invention The present invention relates generally to
non- 5 destr uonio9g@ssaen-i ntrusive inspection devices and nor ePCT/USIT/02623
particularly to a two-di nensi onal imagi ng backscatter probe utilizing
gamma radiation or the like to facilitate _;_ non-destructive/ non-intrusive
i nspection for such applications as contraband detection. 10
Background of the I|nvent irgd-pIMENSIONAD IMAGIWNG BAORSCATIER PROBEOUS types of
cont raband are comonly concealed within various different solid

obj ects which are difficult to inspect in a non- 15
destructive/non-intrusive nanner EieldSofhthe cinvention typically

i ncl udes weapons, drUg&heaQﬁ%%%d@”iﬁﬁgﬁbldﬂn¥glates(ﬁéﬁgréffymtoFQBn—
exanple, it is_not, unusual for Custons

5 destructlve/non-lntru51ve inspection devices and more

particularly to a two~dimensional imaging backscatter

probe utilizing gamma radiation or the like to facilitate

non-destructive/non-intrusive inspection for such

applications as contraband detection.

10
Background of the Invention
It is well known that various types of contraband
are commonly concealed within various different solid
objects which are difficult to inspect in a non-
15 destructive/non-intrusive manner. Such contraband

typically includes weapons, drugs, and/or currency, among
other items. For example, it is not unusual for Customs
officials at airports and various other ports of entry to
discover quantities of illegal drugs contained within

20 generally solid objects such as those comprised of wood,
stone, or metal. Visual inspection would require opening
or breaking apart the solid object and is therefore
typically undesirable.

Further, non—intrusive and/or non-destructive

25 inspection of various commercial products is frequently
desirable. For example, such inspection is commonly
performed upon aircraft in order to detect the presence
of foreign objects such as water or epoxy within
honeycomb structures, as well as to detect undesirable

30 voids within structural materials.

Although various means for non-intrusively or non-
destructively inspecting solid objects are known, such
means are typically not portable and thus are of limited
utility. Indeed, contemporary non-destructive/non-

35 intrusive contraband detection systems, generally
employing'either gamma ray or X-ray detection techniques,
typically are very large in scale, and generally have
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ry large in s nd genera
contemporary devices provide the operator with only very

limited information regarding the scanned object. For
example, it is known to sound an audio alarm or to
display a count rate in response to the detection of
backscattered radiation. However, such extremely
rudimentary information is only of very limited use. 1In
many instances, a visual image of a scanned object is
necessary for the accurate identification thereof. Thus,
the audio alarm or count rate display provided by such
contemporary devices is not adequate for the reliable and
accurate identification of contraband. Therefore, in
many instances, such contraband goes undetected.

Several different non-destructive/non-intrusive
inspection techniques have been developed to perform
thickness measurements, flaw detection, or sub-surface
characterization. Such contemporary methodologies
exploit a variety of different phenomenon including
ultrasonics, eddy currents, and microwaves, as well as
electrical and magnetic fields. However, each of these
contemporary technologies suffers from inherent
deficiencies which limit the detection of cavities and
hidden recesses in many of the types of material which
are commonly encountered during routine inspection
operations.

One important problem with the use of ultrasonics is
the difficulty in scanning large areas while maintaining
continuous mechanical coupling of the transducer with the
inspection surface. Furthermore, many common materials,
such as wood or cardboard, are not suitable for
conventional ultrasonic gauging.

as
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within a metal enclosure such as an automobile door
panel, simply cannot be sensed by such nicrowave
detectors.

The main disadvantage of electromagnetic probes
which utilize the electric current technique is that the
specimen must be conductive. Also, such devices must be
capable of measuring very small potentials. Edge effects
and calibration complications also limit the accuracy of
such contemporary methodology. Similarly, for magnetic
probes, the inspection is 1limited to items having
ferromagnetic materials present within the specimen being
probed.

Thus, while such contemporary methodologies are
frequently suitable for certain specific non—desi:-ructive/
non-intrusive inspection applications, none of these
contemporary methodologies possess the capability and
flexibility to probe all types of materials, including

~metal, wood, plastic, etc., which are commonly

encountered during routine contraband inspections and the
like. Additionally, most of the contemporary
methodologies reguire implementation procedures,
calibrations, or a level of expertise, which is not
desirable for routine use in field operations.

As such, there exists an immediate need for an
effective and accurate portable instrument which may be
utilized in the non-destructive/non-intrusive inspection
of solid objects for contraband and the like and which
may also be utilized for the non-destructive/non-

15
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The present invention specifically addresses and
alleviates the above-mentioned deficiencies associated
with the prior art. More particularly, the present
invention comprises a two-dimensional imaging backscatter
probe comprising a radiation source and a radiation
detector. The radiation source and the radiation
detector preferably share a common housing and are both
attached to a position sensing device which provides an
output representative of the relative position of the
radiation detector with respect to the object being
scanned. As those skilled in the art will appreciate,
the radiation source need not necessarily be co-located
with the detector.

A mapping circuit generates a two-dimensional map of
the radiation backscattered from the test article as a
function of position of the radiation detector.

The radiation source preferably comprises a gamma
radiation source, preferably a gamma radiation source
utilizing approximately 100 pCi of o with primary
emissions at 122 keV and 136 keV. Alternatively, an X-
ray radiation source may be utilized.

The radiation detector preferably utilizes a cesium
iodide scintillator crystal and a photomultiplier for
amplifying the output of the cesium iodide scintillator.

The mapping circuit processes position information
from the position sensing device and count rate from the
radiation detector to provide a drive signal for the
display. The mapping circuit preferably comprises a
general purpose microprocessor, preferably a portable
computer, in electrical communication with the position
sensing device and the radiation detector.

These, as well as other advantages of the present
invention will become more apparent from the following

qplud .the requirenent for a



fact that inspection results are easily influenced by many materi al

varirations which frequently lead to 5 anbiguous test results. The
use of detectors which are based upon nicrowave phenonenon are al so
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deeply into conductors, i.e., metals. Thus, non-netallic materials 10
within a metal enclosure such as an automobile door panel , sinply
cannot be sensed by such nicrowave det ect ors. The main
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such contenporaryg dﬂoc@% inveht@bhy, for magnetic probes, the
i nspection is limted to itens having 20 ferromagnetic materials present

wi thin the spetimen being pr obed. Thus, while such
contenporary met hodol ogi es @ief Debrefptiohyof tikenlplravfiagscertai n specific
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etc., which areineangion;y encountered during routine contraband
Lgﬁfgﬁ;g?gfyaﬂp the Fiddr@ﬁ? is aAggBLkogfj&ébd ﬂgvyhg cha¥ggy formed
therein within which contraband, e.qg., illegal drugs, may
be stored;
Figure 3 is an enhanced two-dimensional image of a
scan of the block of wood of Figure 2 having a substance
15 simulating a drug disposed within the hollow cavity
thereof;
Figure 4 is a real time image of a gun (simulated
with a water pistol filled with water) which is suspended
1/2 inch below a 1/16 inch aluminum panel; and
20 Figure 5 is an enhanced two-dimensional image of the

gun of Figure 4.

Detailed Desc;iption of the Preferred Embodiment

The detailed description set forth below in

25 connection with the appended drawings is intended as a
description of the presently preferred embodiment of the
invention and is not intended to represent the only form
in which the present invention may be constructed or
utilized.

30 The two-dimensional imaging backscatter probe of the
present invention is illustrated in Figure 1, while
images generated therewith are illustrated in Figures 3-
5. Pigure 2 shows a block of wood which has been
hollowed out to contain contraband.

35 The two-dimensional imaging backscatter probe of the
present invention comprises a gamma-ray backscatter probe
according to the preferred embodiment thereof. Those
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all such types of radiation which are suitable for use
5 such in backscatter imaging.

Referring now to Figure 1, the two-dimensional
imaging backscatter probe generally comprises a control
circuit in electrical communication with a probe
assembly, preferably via a flexible cable. The probe

10 assembly comprises a probe 12 for facilitating
backscatter imaging and an encoder 24 for providing
position information, as discussed in detail below. An
electronics housing (not shown) preferably encloses the
control circuit, which comprises all of the electronics-

15 including the mapping circuit-necessary to form a display
of the two-dimensional backscatter image. Alternatively,
electrical communication may be provided from the probe
assembly to a general purpose microprocessor, such as a
portable computer 40, which may be utilized for the

20 processing of the position and image data provided by the
probe assembly.

Whether or not a general purpose microprocessor,
e.g.,, portable computer, is used to process position and
image data, a portable computer may be utilized to

25 perform image enhancement, if the control circuitry
contained within the electronics housing is not
configured to do so.

A display 44 (Figure 1) preferably comprises a
liquid crystal display. Those skilled in the art will

30 appreciate that various other types of displays are
likewise suitable.

The probe 12 comprises a radiation source,
preferably a gamma radiation source 20 and a detector,
preferably a gamma radiation detector 22.

35 The gamma radiation source 20 preferably comprises
a cobalt gamma radiation source, preferably approximately
100 uCi of ’co with primary emissions at 122 keV and 136
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circuit preferably conprises a . .general purpose m croprocessor,
preferably a port&BF‘BgEd in the field. -
. The use of such a "Co gamma radiation source is

preferred since the quantity specified is exempt from
licensing, as well as the consequent accountability and
15 documentation requirements necessary for licensed
radiation sources.
Attached to or formed integrally with the probe 12
is a position sensor or encoder 24. The encoder 24
preferably comprises orthogonal mechanical tracking
20 devices, such as those of a computer mouse or track ball,
s0 as to provide a real time output representative of the
relative position (with respect to the starting position,
as with a computer mouse) of the probe 12 upon a
generally flat surface.

25 The detector 22 preferably comprises a cesium iodide
(CsI) scintillator crystal which 1is affixed to a
miniaturized photomultiplier tube. According to the

preferred embodiment of the present invention, the
detector 22 is annular in shape with the finely
30 collimated gamma radiation source 20 mounted in the
central hole of the scintillator crystal, collocation of
the radiation source and the detector improves the
backscatter signal which enhances the image quality. A
high-voltage supply 32 provides the bias voltage

35 necessary for the operation of the detector 22.
Control circuitry, preferably a portable computer
40, contains a computer interface board 42 for receiving
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Pentium or better micro-processor to facilitate rapid
processing for near real time image enhancement. The
pulse processing electronics 30 preferably comprises an
amplifier, a single channel analyzer, and a bias voltage
supply mounted upon a single circuit board drawing power
from the computer power unit.

The portable computer 40 thus provides for the
acquisition and analysis of the data generated by the
probe 12. The detector 22 and encoder 24 output signals
for processing via the computer interface board 42 within
the portable computer 40, so as to generate an array
containing count rate information from the detector 22
corresponding to specific locations on the scanned
surface as provided by the encoder 24.

According to the preferred embodiment of the present
invention, all software tasks performed by the portable
computer 40 are executed under software control via pull-
down menus in a Windows-like environment. In this
manner, the user can post-process or enhance the images,
or provide for storage of the same by simply clicking on
the appropriate menu items.

Display 44 can provide either the real-time image,
or the enhanced image, so as to facilitate the detectlon
and identification of contraband and the like.

Real-time imagery is achieved through software
processing of the input data representative of position
and count rate so as to define each pixel element
thereof. Thus, the physical scanning area is divided
into individual pixel elements and the number of
individual pixel elements depends upon the area to be
scanned and the required position resolution. Both the

- starting position and the physical area of the scan are

preferably input into the microprocessor. The counts
accumulated by the detector 22 for each pixel element are
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e

gama-ray backscatter probe, ,accordi ng.to the preferred enbodi nent
t her eof . Those canning 1s accomplished by holding the probe 12

against the surface to be scanned, and then moving the

10 probe 12 in generally straight lines back and forth
across the surface until the area to be scanned has been
covered. During this manual scanning process, the
encoder 24 provides an output which allows the portable
computer 40 to associate a position with each reading of

15 the detector 22.

The relative differences in pixel count rate, which
reflect the density variations being measured, are
preferably processed into a 256 level grey scale (such as
that shown in Figure 4 of the drawings). The image is

20 constructed on a pixel-by-pixel basis as the probe is
moved over the area to be scanned in a fashion similar to
painting. In this manner, a substantial portion of the
surface of the area to be inspected is covered by the
probe.

25 Referring now to Figure 2, a block of wood having a
cavity formed therein is shown. As those skilled in the
art will appreciate, contraband, such as illegal drugs,
can be concealed within the cavity formed in the block of
wood, so as to facilitate smuggling thereof.

30 Referring now to Figure 3, an enhanced two-
dimensional image of the block of wood shown in Figure 2
reveals the presence of simulated drug disposed therein.

Referring now to Figure 4, a real time image of a

35 pistol suspended one half inch below a one sixteenth inch

thick aluminum panel is shown. The real time image
clearly shows the general shape of the gun.
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mappi ng circuit-necessary to forma display
5 that various different image enhancement algorithms are
suitable for such image processing.

The present invention thus provides the capability
to probe all types of materials, including metal, wood,
plastic, laminants, etc., which are commonly encountered

10 during routine contraband inspections. Thus, the present
invention is suitable for use in the scanning of a wide
variety of materials and structures. The present
invention does not require complex calibrations, or a
level of operator expertise which is not practical for

15 wuse in field operations. Thus the two~-dimensional
imaging backscatter probe of the present invention is
simple to calibrate and use.

Although the discussion of the present invention
contemplates use thereof for +the detection and

20 identification of contraband such as illegal drugs,
hidden weapons, currency, etc., it is understood that the
present invention may similarly be utilized to test
structural componenté, e.g. such as those of aircraft,
etc., for the presence of voids or undesirable materials.

25 As such, discussion of the present invention for use in
contraband detection and identification is by way of
example only, and not by way of limitation.

It is further understood that the exemplary two-
dimensional imaging backscatter probe described herein

30 and shown in the drawings represents only a presently
preferred embodiment of the invention. Indeed, various
modifications and additions may be made to such
embodiment without departing from the spirit and scope of
the invention. For example, various different position

35 sensing means are contemplated. For example, the
position sensor may alternatively comprise an optical or
ultrasound position sensor. Also, as mentioned above,
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cobalt is approximately 272 5 days. It has been Tound that such a [err]Co
gamma radi ati on source is of sufficient _strength to be effective for
approxi mately 18 nont hs. Repl acefAT of the gamma radiation source
S pr ef er abl %Jﬁcill i E?,SﬁﬂEBYIQYOVi ding an access plug in the 10 probe,
such that the ganma r adi aton sourte can be easi]y changed in the
field. The ude of Asiae-dimepsianah +BAYEI opadkgakters probe,
preferred since tée @bl tymppesihged is exenpt from | i censing, as
wel | as the consequent accognt abi | |$%/) 1g;md 15 docunentation requirenents
necessary for |icensed r afi BPTOH-EPU oL Ce/ Attached to or
formed integr& ly with theb)roba tadiatidmns detgetprion sensor or encoder 24.

The encoder 24 pref eraphy canpoksesor’ kBASOAG! aBPERa@NiteakMLACkinY 20

Vi h h f. a, [ I K |
devices, such as t Qs%aﬁla%lggnggégbtégnfgaa ta%hgg; bal l,

- g

d) a mapping circuit in electrical
communication with the radiation detector and the

10 position sensing device for generating a two-

dimensional map of backscattered radiation from the

radiation source as a function of position of the
radiation detector;
e) a display for displaying the two-

15 dimensional map; and

£) wherein the probe facilitates non-
destructive/non-intrusive inspection of a test article.

2. The probe as recited in Claim 1 wherein the
radiation source comprises a gamma radiation source.

20 3. The probe as recite in Claim 1 wherein the
radiation source comprises an X-ray source.

4. The probe as recited in Claim 1 wherein the
radiation source comprises cobalt. |

5. The probe as recited in Claim 1 wherein the

25 gamma radiation source comprises approximately 100 uCi of
" co with primary emissions at 122 keV and 136 keV.

6. The probe as recited in Claim 1 wherein the
radiation detector comprises a cesium iodide scintillator
crystal and photomultiplier.

30 7. The probe as recited in Claim 1 wherein the
mapping circuit processes position information from the
position sensing device and count rate from the radiation
detector to provide a drive signal for the display.

8. The probe as recited in Claim 1 wherein the
35 mapping circuit comprises a general purpose
microprocessor.
_—
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so as to provide a real tinme output
position:(w th respect to the start jnpyg with a conputer
nouse) of the probe 12 upon a ggner al gyefJ, . 25 The
detector 22 pre{go@ésess Conpri ses a ' Csl) sciPOWIUSY7A2623
crystal which is affixed to a m ni aturi zed photorul tiplier tube.
According to the preferred enmbodi nent of the present invention, the
detector 22 is annular in shape with the flﬁ%ﬁy 30 collimated ganmm

radiation source 20 mougted jy thgpe agCPLEAedOL? elaliterSEhBELL ALAE

crystal, collocation of atlon source and % det ect or |rrproves
t he backscat t emappingl %F%ﬁl*énh‘a?f%lster?e |"’1mé€r(f@$1 € y Computer

hi gh- YOl tagfe flﬁppgﬁlaat?i@éﬂ d_@ammechtasnmlﬁmgae Fosindoassengirgpdevhee
operation o e detecjor gtrol circuitry, preferably a
portabl e conputer nd 58 a?31tlrf:'sn électc?r?) ér interface board 42 for

recei vi ng 5 WD 98/@5946A method or performing two-dimensional

PCT/ US97/ 02623 backscatter upon a test article, the method comprising

ntatlve of the relative

the steps of:

a) emitting radiation from a radiation source
toward the test article;

10 b) sensing radiation backscattered from the
test article with a radiation detector;

c) sensing a plurality of positions of the
radiation detector as the radiation detector is
moved about the test article;

15 d) generating a two—dimensional map of the
backscattered radiation as a function of the
positions of the radiation detector as it is moved
about the test article; and

e) displaying the two—dimensional map upon a

20 display.

11. The method as recited in Claim 10 wherein the
step of emitting radiation from a radiation source
comérises emitting radiation from a gamma radiation
source.

25 12. The method as recited in Claim 10 wherein the
step of emitting radiation from a radiation source
comprises emitting radiation from an X-ray radiation
source.

13. The method as recited in Claim 10 wherein the

30 step of emitting radiation from a radiation source
comprises emitting radiation from a cobalt radiation
source.

14. The method as recited in Claim 10 wherein the
step of emitting radiation from a radiation source

35 . comprises emitting radiation from a source comprising 100
pCi of "co with primary emissions at 122 keV and 136 keV.

15. The method as recited in Claim 10 wherein the

~ This Sheet Has B
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- 8- the count rate output of the detector 22 and the position

output of the encoder 24. The__portable. conputer preferably
conprises an | BM conpati bl e conputierua¥iagr Bas BEENPENtT um or better

M cro-process@odgsdegCi | itate rapijl 5 fupeaesn ng fQr near pepysbiEs i Mage

enhancenent . The pul se proceassiag— : O preferably conprises
an anplifier, a single channel anal yzer4 and a bias vol tage supply
nount ed upon a single ci rcuit board draw 'r'lb powver fromthe conputer

ower unit. 10 r f
gcqw s:Jt : on and anaelP SI'S %[%lﬁg g%atcégl%elitr?glr a%%%éé%%%tﬁww Q?—%m %&1 13:esfhe
detector 22 and aﬁa&ée 2aitgut put radipigian deteg %r@@@wnﬁgw@mg

conputer interfagadiedidndwivht i desium LAY eiheit08B6E C6ryithalS@nds tO
generate an array %3‘ coné)g Hl%rcount rate informati on from'the detector

22 correspondt KYOEE™E locations on the scanned surface as
provi ded by tBe encoddf-24The method axgwcdited io Chaiprif erherkignivhei nent

of the present st veﬁti%ne&bhlﬁeftwarew&aaﬁﬁe:pﬁéﬂm% e Ratable

20 t 40 ted f trol J | - d
rrenugoirrﬁuae\r/vi ndo%fe )ﬁesiég%gﬁgl rgﬂﬁ%t X C{ﬁ\%lteoﬁfggsro ma#nWé ul?'he clfsel""?'\g’gn

post - process or @usdtdenshef itheygadiationrderentiate chuprises qrofssting sanme

by sinply clicki Position il 1hBSrRPP{ AP 1 dTPRe ik 8 P seRSing devideS Y 44
can provide eith the real-tine |ma%
10 processing count rat

from the radiation detector to
provide a drive signal for the display.

17. The method as recited in Claim 10 wherein the
step. of generating a two-dimensional map of the
backscattered radiation as a function of the positions of

15 the radiation detector comprises generating a two-
dimensional map via a general purpose microprocessor.

18. The method as recited in Claim 10 wherein the
step of generating a two-dimensional map of the
backscattered radiation as a function of the positions of

20 the radiation detector comprises generating a two-
dimensional map of the backscattered radiation utilizing
a portable computer which is in electrical communication
with the position sensing device and the radiation
detector.
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or the enhanced inmage, so as to facilitété t he detection and

identification of contraband and the liké. Real -tinme inmagery is
achi eved t hrough software processi ng of the input data representative
of position 30waéabseqeunt rate so as to define each pixel el poBUS97H02623
t hereof. Thus, the physical scanning area is divided i nto individual
pi xel el enments and the nunher of i ndi vi dual pixel elenents depends upon
the area to be scanned and t he requirqq3position resol ution. Both the
35 starting position and the physical area of the scan are preferably
input into the m croprocessor. The counts accunul ated by the detector
22 for each pixel elenent are WO 98/ 05946
PCT/ US97/ 02623 - 9- normal i zed by the
increnental tine spent as the encoder transverses the pixel elenent,
So as to provide an accurate count rate or frequency data. In this
manner,
38 40
PULSE PORTABLE COMPUTER
PROCESSING
ELECTRONICS {Eaﬁ;{}fgﬂ :“——"‘1
'INTERFACE| | DISPLAY |
— HVY SUPPLY b BoARD | : l
7 7
| 32 42 44
l 1
i
' 1
I oz
1! b
PROBE S
e — A ——< | £
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the speed with which a manual scan is perfornmed is 5 conpensated for such
that.the .count rate for each pixel el enrent does not depend upon the
time taken to traverse t hat el enent. Scanni ng i s acconplished
by hol di ng t he was 9839462 agai nst the surface to be scanne®CTaIsg7a26sn
noving the 10 probe 12 in generally straight |lines back and forth

across the surface until the area to be scanned has been cover ed.
During this manual scanning process, tRB¢3 encoder 24 provides an

out put which allows the portable conputer 40 to associate a position

wi th each reading of 15 the detector 22. The relative differences
I n pixel count rate, which reflect the density variations being
nmeasured, are preferabI%’QFQC ﬁgﬁ»into a 256 | evel grey scale (such as
that shown in Figure 4 of t e_gfﬁﬁi ). The image is 20 constructed on a
pi xel - by- pi xel basis as the probe is noved over the area to be scanned
in a fashion simlar to painting. In this manner, a substantial portion
of the surface of the_area to he jnspected is covered by the pr obe.
25 " Referring now tjo—++gure—27—a DI OCK of—weed—hawving a  cavity

fornmed therein is shown/ As those ski i || appreciatp,
|—can—fie—eerrealed—wi+hi-nLthe cavilly
to facilitate snuggl 30

cont raband, such as ill
ing t
ance t wo- ——
c_— -~ |

formed in the block of
Referring now to Fi

=
- ——— —
=
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di nensi onal inmage of the block of wood shown in Figure 2 reveal s the

presence «of sinmulated drug di sposed therein. " Referring now to
Figure 4, a real time imge of a 35 pistol suspended one half inch below a
one sixteenth iwigbsoseas t hi ck al umi num panel is shown. The reavssr/m323 mage
clearly shows the general shape of the gun. WO 98/ 05946

PCT/ US97/ 02623 - - 10- ' Referring now
to Figure 5, an enhanced inage of the gun of Figure 4 is showmn. 1In the
enhanced i mage, the shape of the gun is nuch nore apparent and easily
recogni zed. Those skgéigggﬁp t art will appreciate 5 that various
different inmage enhan alﬁgfithns are suitable for such inage

pr ocessi ng. The present invention thus provides the capability

to probe all types of materials, including netal, wood,

VU
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pl asti c, rnm Ill_luwl ch ar ; ed 10 during routine
contraband i t he r@‘é@r%HEtT HARBERNI on is suitable for use

in the scanni'ng of a w de vari gty oREPHA¥EP| als land structures.

The present woosiossenti on does not requir,e conpl ex cal i bratprcumsss?ozeza

| evel of operator expertise which is not ‘ﬂ actical for 15 wuse in field
oper at i ons. Thus the two-di mnensi onaAMENDED ChaI¥Sng backscatter probe of

t he present inventrasaivesd by thgulmreatwnghlﬁumwten@ﬁdoqtgw 1997 (21.10 A% khough
the discussion of the pro8idAal iclyimst § oh§ amend L?‘t"\és"g ta@ddedser eof for
the detection and 20 identi%eM@HHNgF1gims: bRk Eﬂﬁgn £38%5)ds illegal drugs,
hi dden weapons, curredgy, ¢éfAugended) i poralicotivetimansdonal pressnty

i nvention may si rﬂécﬁcrslc)ét}é%rméyls‘téﬁdfto‘i' t;f‘e'itfomln§t ét-dedh rGOEROOC LY ©- O

such as those of airg L&Qe presence of voids or

undesi rabl e mat e°R §'"t2'5181)f\§ %Bﬁﬂeéﬁ’r%rb BT t%lﬁl& e §YSteMon f or
use in COft r aloanpatidéhget i on and identification is by way of exanpl e
only, and not by way of l'QBtaiﬁcyédlatlon soutde £l BRiLE] %Q%Eﬁ§&3§q that
t he exenplary two- nsj onal ackscatter pr ob escri

herein 30 and shown ’tﬁwf"ﬁ HF%vﬁﬁfs gﬂr"i?ents only a presently

preferred enbodi ment of thb)i nventdéationdetectoarfatsensingundidiiag¢abnons
and additions nay be ﬁggﬁﬁEQt%'P&i fro"egngdltgggt?mfgwt departing fromthe

spirit and scope of e I nventian or exa var'i ous different
position 35 18ensing neans) ar P%ﬁﬂ@ﬁpﬁ%‘t‘%’d‘g depice athaghed tot ke

radiation detector for the generating position
information of the radiation detector as the
radiation detector moves along the surface of the
test article, the test article being at rest;

15 d) a mapping circuit in electrical
communication with the radiation detector and the
position sensing device for generating a two-
dimensional map of backscattered radiation from the
test article as a function of position of the

20 radiation detector; and

e) a display for displaying the two-
dimensional map.

2. (Amended) The system as recited in Claim 1

wherein the radiation source comprises a gamma radiation

25 source.

3. (Amended) The system as recite in Claim 1
wherein the radiation source comprises an X-ray source.

4, (Amended) The system as recited in Claim 1
wherein the radiation source comprises cobalt.

30 5. (Amended) The system as recited in Claim 1
wherein the gamma radiation source comprises
approximately 100 uCi of >
122 keV and 136 keV.

6. (Amended) The system as recited in Claim 1

35 wherein the radiation detector comprises a cesium iodide
scintillator crystal and photomultiplier.

Co with primary emissions at
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‘position sensor may alternatively conprise an optical or ul trasound

position sensor. Also, as nentloned above, WO 98/ 05946
PCT/ US97/ 02623 vari ous dirftse radlatlon sources are
sui tabl e WO sh@4pr acti ce of fith Sent—FRveati on. Thegcrni@flonezs Ot her

_nrgd+-f—|—c;at—|—9ns—&nel—add| ti ons nay ' tﬁ"EAStlBJEEEN]se skilled in the art

anﬁuﬁl i

10
15
20
25
30

35

hpl emented to adap re—h— & I nyjention for use in a
lm ent appl i cati ons. T

7. (Amended) The system as recited in Claim 1
wherein the mapping circuit processes position
information from the position sensing device and count
rate from the radiation detector to provide a drive
signal for the display.

8. '(Amended) The system as recited in Claim 1
wherein the mapping circuit comprises a general purpose
microprocessor. .

9. (Amended) The system as recited in Claim 1
wherein the mapping circuit comprises a portable computer
in electrical communication with the position sensing
device and the radiation detector.

10. (Amended) A method for performing two-
dimensional measurements of backscatter from a test
article, the method comprising the steps of:

a) emitting radiation from a radiation source
toward the test article;

b) sensing radiation backscattered from the
test article with a radiation detector;

c) sensing a plurality of positions of the
radiation detector as the radiation detector is
moved about the test article;

d) generating a two-dimensional map of the
backscattered radiation as a function of the
positions of the radiation detector as it is moved
about the test article; and

e) displaying the two—-dimensional map upon a
display.

11. The method as recited in Claim 10 wherein the
step of emitting radiation from a radiation source
comprises emitting radiation from a gamma radiation
source.

12. The method as recited in Claim 10 wherein the
step of emitting radiation from a radiation source
comprises emitting radiation from an X-ray radiation
source.

— | REPLACEMENT SHEET
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VWHAT IS CLAI MED | S: 1. _(Anended) A portable two-dinmensional
| magi ng backscatter systemfo ﬁﬁ%fs%@r%%%g@ —gest ructi ve and
: , . . ATThE b L

non-intrusive inspection of a tes em5 conprising:
a) a radi ati owosBesR6 for emtti —_il  t owar drcimEsress3

g_r_t_’ic_lg_/// a radiation detector for sensing radiation
ackscattered fr t he test article; 10 O a position sensing
gm\“ﬂ“‘““‘“ ‘iﬂl t he radi ati on d'e't7ect or for the generating

nfo the radi ati.on. detecior as e_ .
raci ati oh dbtect or rmv "t%tg’ Suffa Scbge?ht\n E12in o tg'%etreéf‘t tBee,
the test article Iséerg @zﬁ reemtnag radiation ffom @ radpptiep sourcait
in electrical compriseSORRIREEAGi Fadiathohh&road &t coBadet 8GeL+apd t he
position sensing device for generating a two- di mensi onal nmap of
backscattered rad®PFER fromthe test article as a function of
position of th& 20 14.r dhatnathodetascreciteddin Claim 10 wherein #he

display for di sghapi ngs Tehﬁttlﬂg radlat.l.on dfms'aon§£df§'@10 2.
(Arented) The systema recit.ed %(gi wherein the ra cPatlon sour ce

conpri ses a gamma PQBFé?f%r?%tlggu’F alion from & source comprising 100
uCi of "'Co with primary emissions at 122 keV and 136 keV.

15. The method as recited in Claim 10 wherein the
10 step of sensing radiation backscattered from the test
article with a radiation detector comprises sensing
radiation with a cesium iodide scintillator crystal and
a photomultiplier.
. 16. The method as recited in Claim 10 wherein the
15 step of generating a two-dimensional map of the
backscatter gamma radiation as a function of the
positions of the radiation detector comprises processing
position information from a position sensing device and
processing count rate from the radiation detector to
20 provide a drive signal for the display.

17. The method as recited in Claim 10 wherein the
~step of generating a two-dimensional map of the
backscattered radiation as a function of the positions of
the radiation detector comprises generating a two-

25 dimensional map via a general purpose microprocessor.
18. The method as recited in Claim 10 wherein the
step of generating a two-dimensional map of the
backscattered radiation as a function of the positions of
the radiation detector comprises generating a two-
30 dimensional map of the backscattered radiation utilizing
a portable computer which is in electrical communication
with the position sensing device and the radiation

detector.
19. (New) A hand-held probe for performing non-
‘ 35 destructive and non-intrusive inspection of a test
article, the probe comprising:

SR  [REPLACRNENT SHERT
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wherein the radiation
Anmended) The system as

3. (Arended) The systemas r
SOUFce conprises an X-ray sou

recited in Caiml wher ei he Raﬂth@ﬁ% ce conprises cobalt. 30
5. (Amrende gﬁgﬁsyst em as alm 1 whereing
radi ation &%gce conpri ses approximately 100 [err] O o@’gf’er riai

Wt primery em ssions at 122 keV and 136 keV. 6. (Armended)
ted in Caim1l 35 wheret¥®-the radiation detector
gmmmﬂ H'E[“‘u i odi de scintillator crystal and photonultiplier.
mendal) BEhaadystiemsounss fod émitdlixignradiatiedher ein

t he mappi ng ci rcw {;owap,g O08S STt aQ@_g_Eigonand information fromthe
position sensing device ar% count romthe radiation detector to
f

provide a drive 5 signal ot t t?eraii%‘b?’a?/n detector tox sensing radinrtyee
system as recited in lheksedttered from a test article, the radiation

5 detector being a scintillator crystal having an
annular shape;
wherein the radiation source is disposed in a central
hole of the radiation detector such that the radiation
source and the radiation detector are substantially
10 collocated.

20. (New) A hand~held probe for performing non-
destructive and non-intrusive inspection of a test
article, the probe comprising:

_ a) a radiation source for emitting radiation
15 toward the test article;
b) a radiation detector for sensing radiation
backscattered from the test article; and
c) a position sensing device attached to the
radiation detector for generating position
20 information of the radiation detector as the
radiation detector moves along the surface of the
test article, the test article being at rest.

21. (New) The hand-held probe as recited in

Claim 20 wherein the position sensing device comprises an
25 orthogonal mechanical tracking device.

.
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,\7\,herei nth ing circuit conpri sesﬁ a 'general pur pose; ec

9. (Anenﬁgg?g‘plm\symm—ﬁqemted in'Caiml1l 10 wher I/UIS %?)pim?ézz
circuit co e conputer in electrical my

the positi Mﬂm] lm"mk\” ce and the radiation detect sad GOM 199
(Amended) A" nbt hod per f or m ng12-no- di mensi onal mneasurenents of

backscatter froma test 15 article, the nethod conprising the steps of:
a) emtti ngﬂHNI!iBSiODAtMEm aSradi ati on source toward the test

article: gl hen Oﬁazegg g&@%&%@é%iﬁ%&%&%f ffﬂ%fgg

test article W|th ara
plurality ofbackscabherofsustem for perrfmrmnmnngard@s@ruggm andi ati on

detector is pon-jintrufPvedinkpubtlibe (¥Staatbse! @rticle, the _
generating a two-dinensional map of the backscattered ¥ad| ation as

a functi &n ofoPPELSENg: positions of the radiation detector as it is

noved about the teat raﬂiaﬁien 86drce for emitting)radigeisying the
t wo- di nensi onal | ay. 11.  The nethod as

recited in Claim’ gwﬁﬁgrﬁﬁﬁ Fﬁ@tBBrté‘Fz% iof enitting radiation from a
radi ati on source bonpr asead bat ion niptardiat ifor Sensiaggeadbathonat i on

source. BackiBGtTBLEAT s23n" Bhle! €l SdAldRe0 Wherein the
10 ) a position sensing device attached to the
radiation detector for the generating position
information of the radiation détector as the
radiation detector moves along the surface of the
test article, the test article being at rest; |

15 d) a mapping circuit in  electrical

communication with the radiation detector and the
position sensing device for generating a two-
dimensional map of backscattered radiation from the
test article as a function of position of the

20 radiation detector; and

| e) a display for displaying the two-
dimensional map. '

. 2. (Amended) The system as recited in Claim 1

wherein the radiation source comprises a gamma radiation

25 source. | |

3. (Amended) The system as recite in Claim 1
wherein the radiation source comprises an X-ray source.
' 4. (Amended) The system as recited in Claim 1
wherein the radiation source comprises cobalt.

30 5. (Amended) The system as recited in Claim 1
wherein the ~~ gamma ' radiation source comprises
approximately 100 uCi of " co with p:imary emissions at
122 keV and 136 keV.

6. (Amended) The system as recited in Claim 1

35 wherein the radiation detector comprises a cesium iodide
scintillator crystal and photomultiplier.
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o ati oﬁ”‘%ﬁé-%ﬂgw o Z‘ghf’ﬂez °“”elz5mP°WU3€9 7702%23
Fot ting rad fﬂﬂfﬂﬂﬂ!]ﬂﬂf}!ﬂél tion source | comr: HREAIMS:0 & MAR 1994
I a

radi ation fron1a cobaltt % a faurce. 5 14. The net hod as
recited in Claim10 wherein the step of .emtting radiation froma

radi ation source 7. CQKﬂéh&é&)eThb“@ﬁstéﬁll afd OReli®BR $RUTEE rising
100 [err of [er

r% frlna %hen155|ons at 122 keV and 136 keV.
15. The et HO¥EEE1Peci tRY |hm??8 AP10 WhEFRLH t hBT26essesp oPOsdkdPRy
radi ati on bathScmhaeier EmmmtﬂhetpmsltlonaEEnshﬁgMdéVitéaghétb@ﬂn@eteCtor

COTPT SC SEPRLRD sron | L ARLILDy T AR oIS S TR L St
wher ei n Bhe signal for the display.

8. (Amended) The system as recited in Claim 1
wherein the mapping circuit comprises a generel purpose
microprocessor. ' .
| 9. (Amended) The system as recited in . Claim 1

10 wherein the mapping circuit comprises a portable computer

- in electrical communication with the position sensing
device and the radiation detector.

10. (Amended) A method for performing two-
dimensional measurements of backscatter from a test

15 article, the method comprlslng the steps of:

a) emlttlng'radlatlon from a radiation source
toward the test article;

b) sensing radiation backscattered from the
test artlcle with a radiation detector;

20 c) sensing a plurality of positions of the
radiation detector as the radiation detector is
moved about the test article;

d) generating a two-dimensional map of the
backscattered radiation as a function of the

25 positions of the radiation detector as it is moved
about the test article; and

o e) displaying the two-dimensional map upon a
‘display. o ' '
11. The method as recited in Claim 10 wherein the
.30 step of emitting radiation from a radiation -source
| comprises emitting radiation from a gamma radiation
source. -
~ 12. The method as recited in Claim 10 wherein the
'step' of emitting radiation from a radiation source
35 comprises emitting radiation from an X-ray radiation
source.
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20 provide a drive 8ighal*Tor the digg-ay. 17. The nethod as
recited in Caim10 wherein the step of generating a two-di nensional
map of the bap3<scam@rﬁdtnadlahl @8cited iWMN@iadm Ofo twifeRPSH tipds of

t he radlatlo det ecj or rises ratln a two- 25  dipmensional nmap via
a general Q# 55333@5% ®ion giem The FREHRBLGR (SRYXeRl i n

Cl aim 10 vxhe:rmprim emmmmg)f rgdmatabnngfﬁorﬁ\/\& deopastonsdi@piod the
backscattere f%faiion as a function of the positions of the radiation
detector conprises generating a two- 30 dinensional map of the

backscat fered radi4ti dhhetinethodgas regipedt dbl €ledmputlerwherein itshé n

electrical coEpnidA! i tting! &Qa&a%l%s Mkksﬂ. SS”Z:E%&JJF'Q?\H’J;& Sadde

radi ation tector.
per f or m ng WPBBSQ%@‘HW‘FQ/é'a%l%@% ﬁu§9\¥§ce|¢@p@él~$bﬂg 0 a test
article, theesde® it Pimary emissions at 122 keV and 136 keV.

15. The method as recited in Claim 10 wherein the
10 step of sensing radiation backscattered from the test
article with a radiation detector comprises sensing
radiation with a cesium iodide scintillator crystal and
a photomultiplier.
16. The method as recited in Claim 10 wherein the
15 step of generating a two-dimensional map of the
backscatter gamma radiation as a function of the
positions of the radiation detector comprises processing
position information from a position sensing device and
processing count rate from the radiation detector to
20 provide a drive signal for the display.

17. The method as recited in Claim 10 wherein the
step of generating a two-dimensional map of the
backscattered radiation as a function of the positions of
the radiation detector comprises generating a two-

25 dimensional map via a general purpose microprocessor.
) 18. The method as recited in Claim 10 wherein the
Step of generating a two-dimensional map of the
backscattered radiation as a function of the positions of
the radiation detector comprises generating a two-
30 dimensional map of the backscattered radiation utilizing
. a portable éoméhter which is in electrical communication
with the position sensing device and the radiation
detector.

19. (New) A hand-held probe for performing non-

35 destructive and non-intrusive inspection of a test
article, the probe comprising:
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éoward theM atron spurceb) C)ra(ap1adi Q?mscggi%UZ 6 2 .‘;
k d f di a1 -

e raﬂlﬂmﬂ] M‘ﬁt T Tator crystal having an IPEAUS GachitiR %Bog

shape mheFeln t atlon source is disposed in a central hol e
of the radiation det ect or such that the5+adiation source and the

radi ation detector are substantially 10 collocated. 20. (New)

A hand- hel d probe for pdrfomniragiadion soudwst et lemtamhgwadlmu:rmsu ve

i nspection of a teglarg t’i’xrt't(‘és% gﬁq&r@beag@rrprl 5| ng: a) a
radi ati on source for emtting radiation 15 ward the test article;

b) a radiation detect®) ford sadipkdondeterbar for sensigg kreddatdond from

the test article; b%'&@tscattered fromCla @eé)@s'atr'tci'ﬂ:l%enstﬂg FRWiGR idd ached
to the di ation det{ector f.or l&%ener g positjon 20
informatidn of eGtol PPLRT fot SCHHLL t"trhecrY tal havng: iah

detector noves al emgulle shapege of the
wherein the radiation source is disposed in a central
hole of the radiation detector such that the radiation
source and the radiation detector are substéntially
10 collocated.’

20. (New) A hand-held probe for performing non-
destructive and non-intrusive inspection of a test
article, the probe comprising:

a) a radiation source for emitting radiation
15 toward the test article;
b) a radiation detector for sensing radiation

backscattered from the test article; and .

c) a position sensing device attached to the
radiation detector for generating position
20 information of the radiation detector as the
radiation detector moves along the surface of the
test article, the test article being at rest.

21, (New) The hand-held probe as recited in

Claim 20 wherein the position sensing device comprises an
25 o'rthogonal mechanical tracking device.

M
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tept article, the test article being at rest. 21. (New)q%vgé?r‘?’e
hand- hel & probe as recited in Cl ai m 20 wherein the position sgasi

d?Vice conprises an 25 orthogonal mechanical tracking devi ce.
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(57) Abstract

A two-dimensional imaging backscatter probe (12) has a radiation source (20, a radiation detector (22), and a position sensing device
{24) to which the radiation detector is attached, A mapping circuit generates a two-dimensional map of backscattered radiation as a function
of pasition of the radiation detector. A display (44) displays the two-dimensional map. The two-dimensional imaging backscatter probe of
the present invention facilitates non-destructive/non-intrusive inspection of a test articte for contraband and/or structural integrity inspection.




