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MULTI PLE- STATI ON GAMVA RAY ABSORPTI ON CONTRABAND DETECTI ON
SYSTEM Field of the Invention 5 The present

i nvention relates generally to the detection of contraband, e.g., drugs
and expl osives, via thnuﬁgtgng+sgnmhesrpnuum.Guugaummonemﬁonlt rel ates

nor e particularly to an |n3%§ﬁﬁgﬁggég a tes the
construction of multiple contr (;3§#£§¥g?$ ﬁgb?gﬁ utilizing a
common proton source for the generation of ganmma rays.

Background of the Invention : eld'% -{Rvdate6h contraband such as
drugs and 15 expl osives is well e routinely

snmuggl ed throsigh vari dtise p@reserit ewm a¥ediatrs t generaldy ddo the
crossings, and boale 4ACkSn &f fUASrdPan®Nd Y. | "@rugs and explosives, via
the selective absorption of gamma rays. It relates more
particularly to an improved target which facilitates the
construction of multiple contraband detection stations
10 utilizing a common proton source for the generation of

gamma rays.

. Background of the Invention

The need -to detect contraband such as drugs and

15 explosiveé is well appreciated. Drugs are routinely

smuggled‘thfough various ports of entry such as airports,

border crossings, and boat docks. Efforts to control the

flow of such contraband have increased substantially over

the  years. . Various means, including manual searches,

20 drug sniffing dogs, and X-ray devices are frequently
utilized in an attempt to locate such contraband. '

. The smuggling of explosives, particularly aboard
aircraft, has become of great concern recently. This is
particularly true in light of recent airline bombings

25 involving great loss of life. Again, various techniques
such as manual searching, dogs; and X-rays are routinely
used in order to prevent such smuggling.

However, as those skilled in the art will
appreciate, such contemporary contraband detection

30 techniques are much 1less effective than desirable.
Manual searching is extremely time consuming and costly.
Manual searching is also intrusive, and therefore
objectionable to the owners of the searched containers.

The use of dogs to search for drugs and/or

35 explosives requires that a trained and experienced dog

and handler be utilized. This is very inefficient and
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In view of the above-mentioned deficiencies in the

10 art, various non-intrusive scanning techniques héve been

developed which are more accurate than contemporary X-ray

techniqgues. It is known to utilize neutron activation

and selective gamma ray absorption to identify elements,

typically chlofine, oxygen, and/or nitrogen, which are

15 generally present in such contraband.. Examples of

devices which utilize gamma rays to detect contraband are

provided in United States Patent Nos: 5,040,200 issued

on August 13, 1991 to Ettinger et al.; 5,068,883 issued

on November 26, 1991 to DeHaan et al.; 5,159,617 issued

20 on October 27, 1992 to King et al.; 5,251,240 issued on

October 5, 1993 to Grodzins; and 5,282,235 issued on
January 25, 1994 to Schmor et al.

However, although such gamma ray absorption

_ techniques are non-intrusive and generally reliable, they

25 are extremely expensive to practice. A gamma ray

absorption contraband detection device which is suitable

for use in high-capacity applications, such as airports,

boat docks, and border crossings, must utilize a

comparatively strong gamma ray source, such as a proton

30 accelerator. Such a device generates gamma rays by

focusing a beam of energetic protons upon a target. The

incident proton beam excites the material of the target

according to well known principles, thereby causing it to

produce gamma rays.
35 In order to prevent rapid deterioration of the

target, contemporary systems utilize a drum-shaped target
which rotates, so as to 1limit the exposure of any
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sear ched. The use of X-rays has been found to be unreliable,
since it is possible to disguise or canouflagsydrugs 5 -and/or explosives
in a manner which nmakes themextrenely - difficult to detect therewth.

Even experi encedg?érrt%ular NBERLABNONSE akthleS BaLgBe! tesipehle pfoﬁi@ﬁecaeam,
such camouf |

d contraband jn 1_&r;a\e casfe | n_vi f the
above- ment i oned rebyh dnNEr9asing SHLTace ATRA YRAR | XAty
‘techni ques have hreim is ﬂﬁtiﬂen&dami‘dcbonseqﬁanthncfaathtbﬁimg cooling
contenporary X-r ni & utra
cctivarion " bhersedy| SRrgiRk PAFeRSSRINh he TRt Hhina €0
typically chl®ri mc:mmme heratl dissipation fadnthe d:alfge'lgen@rmd lexample
present in such rg - I : | whi; ilLze
rays to detect cg.r:ﬁ) %b g@ CO%)S'%HJ "aérﬁé‘d i Eﬁi‘{ﬁs&gt atlg{sj 1#%’ Ne%aarg?s
5, 040, 200 i ssued Patensn ng@.ﬁzi-’& 7&@918$beét9nn§pr1ét 6al 1982 @eemaugh
i ssued on Noygmher 26, 1991 to DeHaan et al.; 5,159,617 issued 20 on

Cctober 27, 1992 to King et al. %51 240 i ssued on Cctober 5, 1993 to
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10 that they form a 360 degree gamma ray beam which, due to
interaction with the target structure (shape), typically
approximately 53 degrees of the gamma cone beam is
suitable for use. This limits use to only a single
contraband det'ection station. Thus, according to the

15 prior art, each individual contraband detection station
requires a separate, dedicated target and proton
accelerator. Because of the high cost associated with

_ the construction and maintenance of a proton accelerator
.. suitable for use in such contraband detection, it would

20 be extremely beneficial to provide a single proton
accelerator suitable for use in the genefation of a gamma
ray beam which may be used in multiple contraband
.detection stationmns.

25 Summary of the Invention
The present invention specificaliy addresses and
alleviates the above-mentioned deficiencies associated
with the prior art. More particularly, the present
invention ' comprises a multiple station gamma ray
30 absorption contraband detection system. The contraband
detection system comprises a proton source, e.g., a
linear proton accelerator, and a target upon which
protons from the proton source are incident. The target
of the present invention comprises a disk formed of an
35 alloy of beryllium which is configured to be rotatable
within the proton beam. The disk provides a 360 degree
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ray absorption techni ques are non-intrusive and generally reliable,
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- 3- degrees, of the gamma ray beam. As those skilled in the
art will appreciate, four contraband detection stations
can readily be accommodated when each station utilizes
10 approximately 53 degrees of the 360 degree resonant gamma
ray cone. . |

A conveyor is preferably utilized to transport a
test article, i.e., baggage, into that portion of the
gamma ray cone used by a particular station. At least

15 one detector is configufed to sense gamma. rays which have
passed through the test article. The conveyor is
preférably configured so as to translate and rotate the
test article within the proton beam, such that the proton
beam passed through substantially all portions of the

20 test article. '

A plurality of gamma ray detectors, preferably two
horizontal rows of detectors generally defining an arc,
are preferably utilized, so as to more efficiently scan
the test article, thereby increasing performance. The

25 use of such a plurality of gamma ray detectors further
facilitates tomographic imaging, so as to further enhance
reiiability. .

According to the preferred embodiment of the present
invention, the system also comprises a plurality of

30 containers, preferably drums, into which the individual
test articles are placed, so as to facilitate their being
moved into the gamma ray cone at each detection station.
Thus, a plurality of suitcases, preferably approximately
18, are placed into a drum and processed together, so as

35 to increase the throughput of the system.-

A conveyor system preferably comprises at least one
incoming conveyor belt for bringing each container to a
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According to the preferred embodlment of the present
invention, four tables disposed approximately 90 degrees
apart from one another about a common center rotate and
translate each container during the scanning process.

15 Two incoming conveyor belts, disposed approximately 180
degrees apart from one another about the common center
each bring the containers near two of the tables. The

~ first handler associated with each of the incoming
. conveyor belts then moves an incoming container from the

20 conveyor belt to a selected one of the two nearby tables.
Four outgoing conveyor belts are preferably then utilized
to remove the containers from the detection stations.
Preferably, an operator at each station monitors the
operatien thereof and is notified, preferably via an

‘25 audible signal and a computer monitor, when contraband is
detected at that station. Alternatively, a single
operator can monitor a plurality of such contraband
detection stations.

The target is formed so as to be generally disk

30 shaped and preferably has a cavity formed therethrough
within which water flows, so as to provide cooling
therefor. According to the preferred embodiment of the
present invention, the disk comprises two generally
planar beryllium walls defining the cavity through which

35 cooling water flows. The disk preferably comprises
coatings of B¢ and *s so as to facilitate the detection

of N and ¥c1 via gamma ray absorption.
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Brief Description of the Drawings

Figure 1 is a schematic representation 'of a

10 contemporary gamma ray absorption contraband detection
station wherein a proton beam is utilized to excite gamma
radiation from a target configured as a drum, thereby
producing a gamma ray beam of approximately 53 degrees
dispersion, which is suitable for use in only a single

15 contraband detection station;

Figure 2 is a schematic representation of a proton
beam incident upon a gamma ray target configured as a
disk according to the present invention, so as to provide
a 360 degree gamma ray resonant cone suitable for

20 servicing a plurality of separate detection stations;

Figure 3 shows the angles of the nitrogen resonant
cone and the chlorine resonant cone for a proton beam
incident upon the dlsk-shaped target of the present

~ invention;

25 - Figure 4 is a functional block diagram of the
multiple station contraband detection system of the
present invention;

Figure 5 is a side view, partially in section, of
the multiple station contraband detection system of the

30 present invention; |

Figure 6 is a plan view of the target vacuum vessel
showing in dashed lines the target of Figure 5 contained
therein;

Figure 7 is a side view, partially in cross section,

35 of the vacuum vessel and target of Figure 6;

Figure 8 is a plan view of the four detection
stations of the present invention showing the input and
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bet ween appr oxi matel y 45 degr ees and approxinately 90 degr ees,
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false alarm rate versus time per scan slice showing that
the rate at which contraband is detected increases as the

time per slice increases, and also showing that the false

alarm rate decreases as time per slice increases.
Det ed Description of the Preferred Embo ent
The detailed description set forth below in
connection with the appended drawings is. intended as a
description of the presently preferred embodiment of the
20 invention, and is not intended to represent the only form
in which the. present invention may be constructed or
utilized. The description sets forth the .functions and
sequence of steps for constructing and .operating the
invention in connection with the illustrated embodiment.
25 It is to be understoodq, however, that the same or
equivalent functions may be accomplished by different
embodiments that are also -intended to be encompassed
within the spirit and scope of the invention. The
multiple station contraband detection system of the
30 present invention is illustrated in Figures 2 through 11
which depict a presently preferred embodiment of the
invention. Figure 1 depicts the use of a contemporary
cylindrically configured target in a single station
contraband detection system. '

35 Referring now to Figure 1, according to contemporary
methodology, a proton beam 10 is incident upon a target
12 which is configured generally as a cylinder. The
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degree fan of gamma radiation 14 having a useful

dispersion angle or field of view of approximately 53

degrees. In the prior art, the rotating target axis is

10 tilted so that 53 degrees of gamma rays are reflected by

the target. The gamma ray fan is only usable over about

53 degrees due to scattering and attenuation covered by

the target structure. As those skilled in the art will

appreciate, a field of view of 53 degrees is only

15 sufficient to provide for the scanning of a single

container or drum 16 having a plurality of separate test

articles or bags 18 contained therein. The drum 16 is

rotated within the field of view of the gamma radiation

14 about the axis 20 thereof and is also translated up

20 and down along the axis 20 thereof, so as to insure the

complete and reliable detection of contraband contained

within the baggage 18. An array of gamma ray  detectors

22 measures the intensity of the gamma rays after they

~ have passed through the rotation and translation drum 16.

25 : _ ._

Thus, as the drum 16 is rotated and translated,
contraband such'as illegal drugs and explosives pass
through the path of the gamma rays 14. The gamma rays'14
are selectively absorbed by compounds containing elements

30 such as chlorine and nitrogen, such that the gamma rays
14 are attenuated prior to being sensed by gamma ray
detectors 22.

Thus, an operator is notified as to the possibility

of baggage 18 within the drum 16 containing contraband.
35 The baggage 18 may then be manually inspected in order to
verify the presence of contraband.




contai ners freowophsoset ati on and transl ation tables, via as §o7/02696
handl er. Those skilled in the art wll appreci ate that various
mechani cal handling devices are suitable fqu transferring druns between
a c¢onveyor belt 10 and a table. -According to the preferred

enbodi nent of the pre ever, I NVesynd | or\% rd9LEmL abgggogh_gggaed FRRMOXI i Y
90 degrees apart from one’ anot her out a conmon 'gtigée rotate and

transl ate each cGORHSRROXAFY FPntkakand dekpehierfe iR R gost
conveyor belts, ‘i’:le%‘)%@ﬂjl@wrm¢ﬁééeéﬂ.l891nce degraeegeapﬁopoftﬂanow the

another about {1 conmon cenl &foq wiERCRE IR LIS SOTLE! BEER B° Bk 3y
oY o 'eésotn?“'%“‘m?’&‘g °§g§§'§?§g¢)‘2§“m‘i§§? ;azgig‘;“m;m@
(o} ti nd ma n ear

rom

belts are prefer 0 renove € containers
detecti on stati omcelerdres arxbibarget opbdy mlchsmrmmlbh reshicethe

t he operation, J{erggr aailth maot tbbeda pigf efRE! Yo Se! eogé a@%@éél%n

signal and a conputer en contra an
station. Al ter mhations farsrangmrt cud gz a]t’o‘i'e%’énaﬁﬁﬁlﬁﬁaté’rpl‘a?ﬁ{lfit Peof
such contrabggd subéieéxeeupnystain@féased. Hoveever get dwe f oried thens

to be generally(montemporary use of a target configured as a cylinder,
the angle of dispersion of gamma rays from the target is
strictly limited, such that each linear accelerator can
support only a single detection stationm.

15 Referring now to Figure 2, according to the present
invention a target 100 is configured so as to be
genefally disk shaped. It produces a resonant cone 102

_of 360 degrees when struck by proton beam 101. The
~resonant cone 102 ‘'of 360 degrees may be easily divided

20 into four portions, each portion having a field of view
of approximately 53 degrees; so as to facilitate
detection at four separate stations 104 simultaneously.

Referring now to Figure 3, the angle with respect to
the normal 103 (which defines the sharpness of the

25 resonant cone) at which the 360 degree resonant cone is
formed is dependent upon which target coating, i.e., ¥e

g, is excited. This in turn is dependent upon the
energy of the proton beam, as discussed below. Thus, the
proton beam 101 striking the disk-shaped target 100

30 produces either a resonant cone having an angle of 80.66
degrees for the detection of nitrogen or a resonant cone
having an angle of 82 degrees for the detection of
chlorine.

The linear accelerator (220 of Figures 4 and 5) is

35 configured so as to provide a DC current 2 10 mA and so
as to provide a stream of protons at either 1.75 MeV or
1.89 MeV + 12 KeV. Proton beam emittance is preferably
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i nventi on. coating of the target for the detection of chlorine.
Thus depending upon which proton beam energy is selected
(and consequently which target coating is excited), the
resultant resonant gamma rays are preferentially absorbed

10 by either nitrogen or chlorine, thereby facilitating
their detection.

Since the angles at which the gamma rays are
produced by the target are so close (80.7 degrees for
nitrogen and 80.66 degrees for chlorine), a common array

15 of segmented gamma ray detectors may be utilized to
detect gamma rays passing through the drum 16, as
discussed in detail below.  According to the preferred
embodiment of the present invention, the target 100
comprises two spaced apart, generally parallel walls 102

20 formed of beryllium having a single front surface coated .
with c and *s. a cavity 104 is formed intermediate the
two walls 102 to accommodate water flow therein for
cooling the target 100. The target is preferably 1 to 3
feet in diameter and 1/8 to 1/2 inch in thickness.

25 Referring now to Figure 4, the present invention
generally comprises a beam production subsystem 200 for
providing gamma rays to each of the contraband detection
stations 202, 204, 206, and 208. An operational control
and support system 210 facilitates operation of the

30 multiple station contraband detection system as described
in detail below. The detector and data acquisition
subsystem 212 collects data from the detector arrays 106
and provides the same to image construction and
interpretation subsystem 214 for processing.

35 The beam production system 200 comprises the proton
accelerator 220 and the target 100. The proton
accelerator provides a beam of protons 101 having
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10 The operational control and support section 210
' comprises accelerator control 230 for providing control
of the proton accelerator 220. A safety system 232
having a radiation monitoring subsystem 234 monitors
safety related items. Power distribution 236 provides
15 power to the proton accelerator 220 and support
equipment. Master control and user interface 238
provides the primary means for the operator to control
the multiple station "contraband detection system of the
present invention. Container . control 240 controls
20 movement of the drums 273 (Figure 8) on the conveyors 301
and 303, and the rotation and translation tables 272, as
discussed in detail  below. Container handling 242
facilitates movement of the containers from the incoming
conveyor belts 301 to the roi:atio_n and translation tables
25 272 and from the rotation and translation tables 272 to
the outgoing conveyor belts 303. '

_Detector arrays 106 preferably comprise bismuth
germanium oxide (BGO)gainma ray detectors for sensing the
intensity of the gamma rays after they have passed

30 through the baggage contained within the drums 273.
According to the preferred embodiment of the present

| invention, two adjacent horizontal rows of such detectors
define the array 106. This has been found to provide
sufficient resolution so as to reliably indicate which

35 bag contained in a drum 273 most likely contains sensed
contraband. |
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liines the target o i gure 5 contained t herei n; - Figure 7 is a

side view, partially in cross section, 35 of the vacuum vessel and target
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utilizes recognition algorithms 252 for determining the
likelihood that a sensed detector signal indicates the'
presence of contraband. The recognition algorithms 252
provide an output indicative of the sensed signals to
10 imaging and display system 254 so as to alert an operator
of the likely presence of contraband. Data storage and
processing 256 provides for <the storage of data
indicative of likely contraband being contained within a
particular piece of baggage, for future evidentiary
15 purposes. '

Referring now to Figure 5, a plurality of individual
contraband detection stations 300 are preferably disposed .
upon one floor 302 of a building while the proton

- accelerator 220 is located upon the floor below 304. A

20 work station 306 allows an operator to control and
monitor the proton accelerator 220 on the lower floor and

a work station 308 allows an operator to control and
monitor the contraband detection system 300 on the upper
floor 302. Optionally, a plurality of operators may be .

25 accommodated for the proton accelerator and/or the
contraband detection stations. For example, four work
stations 308 may be provided, one for each contraband.
inspection station. Protons provided by accelerator 220
travel through proton conduit 260, bend 262, and proton

30 conduit 264, and are then directed upon target 100
(bétter shown in Figures 6 and 7). The target 100 is
disposed within vacuum vessel 266 comprised of 'gamma ray
transparent beryllium walls 268. Drums 273 disposed
upon rotation and translation tables 272 are rotated

35 about their axis and also move up and down in order to
assure that they are adequately scanned by gamma rays 208
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the sensed intensity therecf and thereby provide an
indication as to the presence of such contraband. The
outputs of the gamma ray detectors 106 are provided to
data acquisition electronics 250 (Figure 4) and the
15 output of the data acquisition electronics 250 is
provided to the recognition algorithms 252 and the data
storage and processing system 256.
Referring now to Figures 6 and 7, the target 100 is
- generally configured as a disk which is rotatable about
20 its center via shaft 402, which is rotatable via rotation
motor 404. Rotation motor 404 and shaft 402 are
preferably mounted upon translation platform 406 which is
movable via translation motor 408. Thus, the target 100
can be rotated and translated so as to vary the impact
‘25 point 410 at which the proton beam 101 strikes the target
100. In this manner, localized heat buildup is minimized

since the proton beam is not allowed toc impact upon any
particular portion of the target 100 for a prolonged
period of time. '

30 The target is disposed within vacuum vessel 266,
having berylliium side wall 268. The beryllium side wall
268 is transparent to the gamma radiation generated when
the proton beam 101 strikes the target 100. Thus, the
gamma radiation is free to pass through the test articles

35 to be incident upon gamma ray detectors 106.

Referring now to Figure 8, the conveyor and
container handling system for transporting drums 273 to




contraband dete ystem 35 Referring now to Figure 1.ng
to- conterrpor‘iﬂ/gq’tdﬁa'net hodol ogy, a proton beam 10 is i ncident #p%ﬁﬁ%’g{og#gget

12 which is configured generally as a cylinder. The WO 97/ 39340
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and [err]S, so zhet roraddiore a_minm:anslafamvtﬁbhearmabSorbeﬂohxtmbhﬁ.ﬁgen
and chlorine. T et t I

di ssi pation 5 2%& c¥1ere% Qgrev %n l?%egc’é%é%n gnlar q"Vllpar %%ﬁ,gﬁ tables

| ocation thereo272, mprem@mmgarﬁll@ €¥W5e§7§ 330011\ th@egr@eatmmnd

gamma radi at Ont%da\am& easieé 272 dla%iwrfbgnt%@@ﬂ fdcf'éhef drumy of

appr oxi mat eléy degr.ees. t he r| or art atin et axis is
10 tilted s th&t7353"’aéfgff€9§' Ghegﬁﬁﬁé ﬂapsaaﬂefreprséefceerwablea Rd2yaiget .
The gamma ray fanlustydtedisabl e over about

According to the preferred embodiment of the present
invention, the multiple station gamma ray absorption
contraband detection system comprises four individual

10 detection stations 300. Two input conveyor 301 are
configured such that each input conveyor 301 services two
adjacent detection stations 300. Each detection station
300 has a dedicated output conveyor 303.

The drums 273 are transported by the input conveyors

15 301 to a position proximate to rotation and translation
tables 272. Drum handling equipment, not shown, then
transfers each drum from the input conveyor 301 to a
selected one of the two adjacent rotation and translation
tables 272. Preferably, the handling equipment

20 alternates between “the two rotation and translation
tables 272 such that one drum is placed upon that
rotation and translation table 272 to the drum’s 273
left, then the next drum is placed upon the rotation and -

- translation table 272 to the drum’s 273 right, and the

25 process repeats indefinitely.

Once a drum 273 is positioned upon a rotation and
translation table 272, the table 272 then begins to
rotate and translate in a manner which facilitates
accurate and reliable scanning of the items contained

30 within the drum 273. Once the scanning process is
compiete, handling equipment (not shown) then moves the
drum 273 from the rotation and translation table 272 to
a dedicated output conveyor 303 which then moves the drum
273 away from the contraband detection station. Guides

35 440 stabilize and restrain the drums 273 as they are
loaded onto the rotation and translation tables 272 and
removed theref'rom.
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different positions from other materials on a chlorine
density versus total density plot. These differences in
the responses of common materials, explosivés, and drugs
to gamma rays facilitates the reliable detection of such
15 contraband materials. The recognition algorithms 252
check to see if the response of a test article is located
at the position on the nitrogen density versus total
. density and chlorine density versus total density plots

which is indicative of such contraband. Then if -
20 contraband is indicated, the baggage is manually
inspected. '

Referring now to Figure 11, as the time per scan
slice increases, the detection rate increases, thereby
providing more reliable and effective detection of

25 contraband. As would be expected, the false alarm rate
decreases with increased time per scan.

It is understood that the exemplary multiple station
gamma ray absorption contraband detection system
described herein and shown in the drawings represents

30 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
physical configurations of the conveyor and handling

. 35 system are contemplated. Additionally, those skilled in
the art will appreciate that fewer or more than four
detection stations may be accommodated by the 360 degree
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problem associated wth such cont enporary contraband detection

met hodol ogy is the cost per article inspgécted. Since a |arge proportion
of the costs associated with the operation of such a gamma ray 5
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of a target_confi .redtsas a cylinder, t he angl e of dispersion of gamma
rays fromthe tF ‘g‘gﬁ *strictly limted, such that each |inear
accel erator can support only a single detection station. 15

Referring nowto Figure 2, according to the present
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is preferablyo simultaneously therewith.
2. The target as recited in Claim 1 wherein said
disk comprises a cavity formed therein through which
. water is flowable so as to provide cooling therefore.
3. The target as recited in Claim 1 wherein said
15 disk comprises two generally planar, generally parallel
beryllium walls defining a cavity within which water
provides cooling for the target.

4, The target as recited in Claim 1 further
comprising a motor drive for effecting translation of

20 said disk so as to vary the radial position at which the
proton beam strikes the disk.

5. The target as recited in Claim 1 further
comprising a motor drive for effecting translation of
said disk so as to vary the radial position at which the

25 proton beam strikes thé_ disk.

6. A multiple station gamma 'ray absorption

contraband detection system, said system comprising:
a) a proton source;
b) a target upon which protons from said -

30 proton source are incident, said target comprising:
(1) a disk formed of beryllium
configured to be rotatable within a proton
beam so as to facilitate generation of gamma
rays; ’
35 ' (ii) wherein said disk provides a 360
degree resonant gamma ray cone; and
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MeV prot on beam exci t resonant ganma ray cone fromthe

[err] C coating of the tard§et"* for the detect+da= of nitrogen, while the
use of a 1.89 MeV proton beam5 excites an 82 degree resonant gamra ray
cone fromthe [err]S oont i N3t dfeaste tvar detetgionhatdtionsi configured

chl ori ne. Thus d: iagaepagcﬂhhsheee%antsbﬁa&&g%ws'é Boreebedor

(and consequently which target coating I's exci
resonant gamma rays ditte H6 degreeareponans: Bagmeo ragycenente facibibater

chl orine, thereby fa(‘aégé@gi&g of cbherhbdalection. Since the
angl es at which the produced by the target are so close

rays are
(80.7 degree¥ for Tll t r"c')tb%n nitiples gkaries f%‘?‘m@ﬁl oF#Yie) abSOEBE#BA
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degrees and approximately 90 degrees of the 360 degree
resonant gamma ray cone.

10, 8. The multiple station gamma ray absorption
contraband detection system as recited in Claim 6 wherein
four detection stations each use approximately 53 degrees
of the 360 degree resonant gamma ray cone.

9. The multiple station gamma ray absorption

15 contraband detection system as recited in Claim 6 wherein
each detection station comprises:

a) a conveyor for transporting a test article
into that portion of the gamma ray cone used by the
station; and

20 b) at least one detector configured to sense

gamma rays which have péssed through the test

article. _

10. The multiple station gamma ray absorption

~ contraband detection system as recited in Claim 9 further

25 comprising a table configured to translate and rotate the
test article within the proton beam.

' 11. The multiple station gamma ray absorption
contraband detection system as recited in Claim 9 further
comprising a plurality of containers into which test

30 articles are disposed, said containers being moved via
said conveyor into the gamma ray cone.

12. The multiple station gamma ray absorption
contraband detection system as recited in Claim 9 wherein
said detector(s) comprise a plurality of detectors

35 defining an array thereof.

13. The multiple station gamma ray absorption
contraband det_ec'tion system as recited in Claim 9 wherein

eet Has Been. Replaced
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enbodi ment of wD®@7psE®ent invention, the target 100 conpr i seBCH{{F97/02696
spaced apart, generally parallel walls 102 20 formed of beryllium having a

single front surface coated with [err]C andgJerr]S. A cavity 104 is
formed internedi ate the two wal I's 102 to acconmodate water flow therein
for cooling t reel

di aneter and 1/8 %glé QIE%%%QQSSI thﬁ{éggé Lo s %%%%%ﬁ%ﬁﬁ%é%l

4, the present indefitndpg an géﬁerally conprlses a beam production
subsystem 200 for RBOVi $hag ﬁﬁlﬁ&pﬂ%ysébhﬁiﬁﬂ1 aﬁﬁ&3(¥H¥'YﬁE§6kptlon
det ecti on stations 202,

An tLon Con
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cont raband degects&ﬂdsyﬁbmﬁdﬁbnksqxlbedprlselnhﬂsmuthbegewmaniﬂme oxide
detector and data aggu£5|t|on subsystem 212 collects data fromthe
detector arrays 198 O%fta provi des the same to i mage construction and
interpretation subsysteanl@hhormpﬂ@w@ia ngtaddon gamie bmayn @Elsbcpton

system 200 conpri ESEtEQSaBB]OEQQectJ.o%CEglsgéﬁt 8k gg@te?ngn éi‘Simté‘rlwggérein_

100. The proton ator eanlo pr ot ons
havi ng said conveyor compr ses:
10 - a) at least one table for rotation and
translation a container containing at least one test
article;

b) at least one incoming conveyor belt for
bringing the container near said table(s);

15 c) a first handler for each incoming conveyor
belt for moving the container from the incoming
conveyor belt to a table;

d) at least one outgoing conveyor belt; and
e) a second handler for each outgoing

20 conveyor belt for moving the container from the
table to the outgoing conﬁeyor belt.

16. The multiple station gamma ray absorption
contraband detection system wherein said conveyor
comprises: .

25 a) four tables disposed approximately 90
degrees apart from one another about a common
center, for rotation and translation containers,
each container configured for containing at least
one test article; , :

30 - b) two incoming conveyor belts disposed -
approximately 180 degrees apart from one another
about the common center, each incoming conveyor belt
delivering containers near two of said tables;

c) a first handler for each incoming conveyor

35 belt for moving a container from an incoming
conveyor belt to a selected one of the two near
tables; ___;______#____ﬂ_
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of either 6?@ \?agr mm\,m Iﬂlﬁﬁw facilitate the det ect Il on of
ei ther nitrogen or chl of | veI Vacuum servi ces 222 provide
t he vacuum necessary for the gener ation~ "the proton beam 101 and 5

communi cation of proton b&am 121 to the targ et 100. Cool i ng services
224 provide the required bol i AEUFRLEGRING caﬂmmrd%@e#%ran@royﬁgo B8am

di agnostics 226 nonid¢éivéPér beld oiDsSpbsed %:ﬁﬂn@ﬁet@a&hsbﬁaopépp%r
operation of the

roton_accel erator _and. auxi lary,
The oper ati onal cont?%“éﬂdt GippBPEasheEs oﬁw?foé cﬁrﬁ#j ggfﬁﬁw?ﬁﬁiator
control 230 for providingegontaol secomf thangleron faxcel@zahor odZgoingA

safety systgem 232 Y n| tors
safety rel ated it enms. OJ{%&%\BQ %?is? %{l:ltlo ﬂg@é %dé{# es ﬁ%‘gﬂw‘é%bﬂ
proton accel erator th@ooutgadingugpoveyor beddi proximatesthat tabhes oI
and user interface;7238rhe REPYIPEE tB%aEEbHﬁr a{iﬁﬁnsrag aﬂsogsﬁgehor

to control the nu e_stati on- cont r aband ectjon_system.o
present invent‘-'lqm':ra QB‘E fAeRctioR r FYsten %%ntrﬁﬂ ited in Claim 16

wherein said containers comprise drums.

10 : 18. A conveyor for a multiple station gamma ray
absorption contraband detection system, said conveyor
comprising: |

a) at least one table for rotation- and
translation a container containing at least one test

15 article;

b) at least one incoming conveyor belt for
bringing the container near said table(s);

c) a first handler for each incoming conveyor
belt for moving the container from the incoming

20 conveyor belt to a table; _ _

d) at least one outgoing conveyor belt, and

e) a second handler for each outgoing
conveyor belt for moving the container from ‘the
table to the outgoing conveyor belt.

25 : 19. A conveyor for a multiple station gamma ray
absorption contraband detection system, said conveyor
comprising:

a) four tables disposed approximately 90
degrees apart from one another about a common
30 center, for rotation and translation containers,
each container containing at least one test article;
b) two incoming conveyor belts disposed
approximately 180 degrees apart from one another
about the common center, each inéoming conveyor best

35 near two of said tables; '
c) a first handler for each incoming conveyor
belt for moving a container from an incoming

eet Has Been Replaced

Hll\ll\ M
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the outgoing conveyor belt proximate that table.
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acquisition electronics 250 for receivin the outputs of the detector

arrays- 106 and for - conditioning the™sane. 5 | mage construction
and interpretation subsystem 214  aAMERDED @ESIMSECOgNI t | on al gorithms 252

for determni R t he I i kel i .hood. f ha sensed %e e ; a6 i cat es
@gceifveé Cgh‘ tef i ot Jha 7.
;Eeout pu![Or ?ﬁgl cat i vem"dﬂ F P'?g% % eﬁ;{' )L?ﬂg C&ﬁ%‘gﬁjl sﬂ;w' ae

system 254 so as to alert an- oper |kely presence of

contraband. Data st ora qﬁgﬁ%é 6 e o] rage of
dat a I ndi cati ve of g@nﬁé}fh cont r aban 'ggf% co %%ega&n %ﬁ&ﬁ%g%&%
particul ar pP@@ér@Ib%g%Q}'@Ctxw SYstieR, eGadanttiangetl ompr psing:
Referring now to Figureyp, aamigxalfsymeé ¢£%ai—9m§hum ha‘;%y abgagkg.za f

| 00 of a

detection stations 300 ar ,refer ¥ h’sg nﬁggn one

bui | di ng 3hile th&E3 R m%d&% 3f 92’6‘%‘%‘1 QY MR the floor
bel ow 304. A 20 work 5y at ivifeB@fnaladds dislopPpravidelsO acowswheg&ée
nmoni tor the proton _accelerator 220 on_the Iovver floor

~ station 308 al | onFSHPHHEr at PP cHAYr oFORFd S° i tg? tﬁ@"&&r’rﬁ%nd

detecti on system 2@exatidre uppef plural - detection stations
_ simultaneously therewith.

10 2. The target as recited in Claim 1 wherein said
disk comprises a cavity formed therein through which
water is flowable so as to provide cooling therefore.

3. The target as recited in Claim 1 wherein said
disk comprises two generally planar, generolly parallel

15 beryllium walls defining a cavity within which water
'provides cooling for the target.

4. The target as recited in Claim 1 further
comprising a motor drive for effecting tramnslation of
said disk so as to vary-'.the radial position at which the

20 proton beam strikes the disk.

5. The target as recited in Claim 1 further
comprising a motor drive for effecting translation of
'said disk so as to vary the radial pos:.tion at which the
proton beam strikes the disk.

25 6. (Amended) A multiple station gamma ray
absorption contraband detection system, said system
comprising:

a) a proton source,
b) . a target upon which protons from said
30 proton source are incident, said target comprising:
(i) a disk formed of beryllium having a
gamma ray producing material formed thereon;
(ii) wherein said disk provides a 360
degree resonant gamma ray cone; and
35 c) at least two detection stations using a
portion of the 360 degree resonant gamma ray cone to
facilitate detection of contraband. __

[
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floor 302. OnowomaBeoy, a plurality of operators nay be 25 accohFHEST U6
for the proton accelerator and/or the _23-contraband detection stations.
For exanple, four work stations 308 may be provided, one for each
cont raband i nspection station. Protons provided by accel erator 220

travel t hrough protpn copgli tm@ﬁ@ PendsLheioaNdgRmRialN rdy GREBipgt Léd,
and are then dlrected upon targ ?L

7). The tar geontgmhan de?ﬁ%‘b&%(ﬁ%‘??ﬁ é%%%‘gg’sﬂlé%ﬁ“%ﬁ?’gﬁ

b1 on B e el

;Egnalr go nove qﬁg’%ﬁﬁﬁ dd PRPEPE e e21f &éeg %g%teﬁscajté?h ggg'rétesotagféq%a ely

PCT] Uo7/ 3000 o rae 24fma 8 oz 1

I mpact of the prot Rty bea‘mlﬁo mﬁ]pgﬁp%ﬁe Statfl %W Hfd%ﬁt*ﬁ

screw | i near drontera@yanduietectidnrayatennas rec:.ted in Claim 6 wherein
four detection stations each use approximately 53 degrees
of the 360 degree resonant gamma ray cone.

10 9. The multiple station gamma ray absorption
contraband detection system as recited in Claim 6 wherein
each detection station comprises:

a) a conveyor for transporting a test article
into that portion of the gamma ray cone used by the

15 station; and

b) at least one detector conflgured to sense
gamma rays which have passed through the test
article. '

10. (Amended) The multiple station gamma ray

20 absorption contraband detection system' as recited in
| Claim 9 further comprising a table which translates and
rotates the test article within the proton beam.

11. The multiple station gamma ray absorption
contraband detection system as recited in Claim 9 further

25 comprising a plural.tty of containers into which test
articles are disposed, said containers be:mg moved via
said conveyor into the gamma ray cone.

12. The multiple station gamma ray absorption
contraband detection system as recited in Claim 9 wherein

30 said detector(s) comprise a plurality of detectors
defining an array thereof.

13. The multiple station gamma ray absorption
contraband detection system as recited in Claim 9 wherein
said detector(s) comprlse two rows of detectors generally

35 defining an arc.

14. The multiple station gamma ray absorption

contraband detection system as recited in Claim 9 wherein

e ———-—_’—’_/__‘-
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and transl ati owotegsd:a0272 up and down while a rotation 5 notor PCAEEI7/02696

effects rotation of each rotation and translation table. Gamm
ray detectors 106 sense the intensity of the gamma rays 208 after they
have passed t hrough the drum 272. Ag ﬁiscussed in detail bel ow,

cont raband contai ned w thin baggage cont / ed in the 10 druns 273

sel ectively absorbs gamma rays so as to vary the sensed intensity

t hereof and t hereby provide an indication as to the presence of such
contraband. The outputs of the gamma ray detectors 106 are provided to
data acquisition electronics 250 (Fi gurté®-~4

acquisition electronics 250 is provi ded

252 and the data storage and proces

now to Figures 6 and 7 t et 100 J
di sk which is rotatablgpg]g&n‘ﬁg% its

rotatable via rotatio t or 4#404. ‘
are preferably nggaﬁéé;ﬂgon ‘ransl ati on ply
novabl e via transl.ation notor 408. Thus, the tal

and translated so as to vary the inpact 25 poi "on
beam 101 stri kes the target 100. In this maph&Ld : edi Jq8aPAYui | dup
is mnimzed since the proton beamis not § AR AN any
: wt B
a- |
i
1]
HH 20
101:4} 1
X
[ 1]
2R
it -
100 § §
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particul ar pom®SM38HOt he target 100 for a - prol onged
The target is disposed within vacuum vessel 266,

wal | 268. The beryllium side wall
radi ati on generated when t he proton
Thus, the gamma radiation is free to
to ‘be incident upon gamma ray detectors 106.
Figure 8, the conveyor and cont ai ner
drums 273 to WD 97/ 39340

PCT/ US97/ 02696

transl ation tables 272 for,
and translation tables
rotation and

-14-
posi tioning
272, for

the rotation and
the drunms 273 upon the rotation
renmoving the druns 273 fromthe
transl ation tables 272, and for transporting the drjums™5 -—]

per i od RET/YS974926980
havi ng beryl|ium side
268 is transparent to the gamma
m 101 strikes the target 100.
ass through the test articles 35
Referring now to
handl i ng system for transporting

4
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illustrated. wo97/39340 According to the preferred enbodi ment of PORUSYHIREI&

I nvention, the nultiple station gamma ray absorption cont r aband
detection system conprises four individual 10 detection stations 300.
Two i nput conveyor 301 are configure:?,quch t hat each input conveyor 301
services two adj acent detection statfons 300. Each detection station
300 has a dedicated out put conveyor 303. . The druns 273 are
transported by the input conveyors 15 301 to a position proximte to
rotation and transl ation tables 272.  Drum handling equi pment, not
shown, then transfers eacly drumfrom theTfnput conveyor 301 to a
sel ected one of the two adjacent refation gnditranslation tabl ¢s 272.
Preferably, the handling eq ipmgpﬁ 20 | tigr nat es between the tfwo
rotation and transl ation tapl es” 372 supgh jtihat one drumis placgd upon
t hat rotation and translation taljle 278 tid the drum s 273 lleft,
then the next drumis placed upon the—etaili and transl ation jtabl e
272 to the drums 273 righf, and 25, P|{oCHss repeats indefinitgly.
Once a drum 273 is positiope pon r otat {font fand transl ation t{abl e
272, the table 272 then begir‘l\E rof afle B translate in a marjner
which facilitates ~accufat® afq, ek ning of the itens dontained
aQ ~ 1

5

FIG.

280
274




30 vﬁthln t hewQa391383. Once the scanning process S C ONRCI/BS97/02696

handllng equi pnent (not shown) then noves the ~drum 273 fromthe
rot-ation and translation table 272 to a dedi cated out put conveyor 303
which then noves the drum 273 away fa ﬁg]the cont raband detection
station. GQuides 35 440 stabilize and restrain the druns 273 as they are

| oaded onto the rotation and translation tables 272 and- renoved

t herefrom WD 97/ 39340 '

PCT/ US97/ 02696 -15- The contraband
detection process is preferably nonitored at a dedi cated work station
308 'by a dedi cated operator. Referring now to Figures 9 and
10, testing has shown 5 that illegal drugs, as indi-eated by the small solid

sjrcles, tend to
d-’ as |nd|catéb sy smal |

triangl es, and expl osives, as |nd|cate9 py tAC 8T T —~
be positioned apart from conmon §
squares, when plotted on 266

266 406
"*\__E‘-\408 404/‘.] /402 i__,.—-""
= —— -H— )
410
268~ 1013 100
J
=i &5
HE(
264
Pl -~




a ni.trogen WoSidoye0 versus total density graph. 10 Sim | aPcyusdv/ozses
and expl osives tend to be | ocated at different positions from other

materials on a chlorine density versus total density plot. These
differences in the responses of comppmaterials, explosives, and drugs
to gamma rays facilitates the reliable tection of such 15 contraband
materials. The recognition algorithns 252 check to-see if the response
of atest article is |located at. the position on the nitrogen density
versus total density and chlorine density versus total density plots
which is indicative of such contraband. Then if 20 contraband is

I ndi cated, the baggage is nmanually I nspect ed. Referring
now to Figure 11, as the tine per scan slice increases, the detection
rate increases, thereby provi di ng nore reliabl@® and effective detection
of 25 contraband. As would be expected, the fal alarmrate

decreases with increased tinme per scan. t is understood that the

exenplary nultiple stati ag gamma ray abdorption contraband

detection system des®ri bed hegsein and B the ;@awi ngs represents
30 only a presently pref&rred e ne e pavenidon. S | ndeed,
various nodifications and Wd@tigns o) \ Qﬁ?ﬁch efrbodi ment

wi t hout departing fromshe g a

8

FIG.




scope of the iwoensssa. For exanple, various different phy si RCX/US97/02696
configurations of the conveyor and handling 35 system are contenpl at ed.

"Additionally, those skilled in the art will appreciate that fewer or
nore than four detection stations ngg/ge acconmodated by the 360 degree
WD 97/ 39340 - PCT/ US97/ 02696
- 16- resonant gamma ray cone of the present invention. Thus, t hese
and ot her nodificatiygns; may be obvious to those skilled in the art and
may be i npl enent eg_to apapt to the preserd inventf@ij usegn a
variety of differgnty §—ppplications. v,
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a ganma

% uus

target for #ﬁmgbﬁci)zﬁ:z6q G

get conpri si ng:
produci ng mat

a| d disk provides a BG@wﬁr%MR 199

gamma ray cé;zl L;u;l’!tn!'j ﬂ"m}ml

pl ur al

stations sinultaneously therewth.
Claim1l wherein said

water is flowabl"EALd

perathg(ﬁ detection
The target as recited in

ri.ses a cavity forned t herein t hrough whi ch
q%éﬁfﬂﬁﬁﬁp ¥Bde cooling therefore. . 3. The

target as recited in X0 ai Anendeddi A targeti S&r & gpimiasaayt absgyptian| y

pl anar,

10

15

20

gener al | yoparldrfe] diteltibiMsystem, said target comprising:

a)

ray producing material formed thereon; and

b)

resonant gamma ray <one
operation of
simultaneously therewith.

2.

disk comprises a cavity formed therein through which

wherein said disk provides a 360 degree
so as to facilitate

plural detection ‘stations

water is flowable so as to provide cooling therefore.
3.

_ The target as recited in Claim 1 wherein said
disk comprises two generally planar, generally parallel

beryllium walls defining a cavity within which water

provides cooling for the target.
4.
coﬁprising'a motor drive for effecting translation of
said disk so as to'va;y'the radial position at which the
proton beam strikes the disk. '
-
comprising a motor drive for effecting translation of

a disk formed of beryllium having a gama

The target as recited in Claim 1 wherein said

The target as recited in Claim 1 further

" The target as recited in Claim 1 further

said disk so as to vary the radial position at which the
proton beam strikes the disk. '

25

6.

comprising:

-30

35

a)
b)-

-

(Amended) A
absorption contraband detection systen,

multiple station gamma ray

said system

a proton source;
‘a target upon which protons from said

proton source are incident, said target comprising:

(i) a disk formed of berylllum having a

| gamma ray producing material formed thereon;

(ii) wherein said disk provides a 360

degree resonant gamma ray cone; and

o)

at least two detection stations using a

portion of the 360 degree resonant gamma -rav_cone to
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wal |-s.1defdskd ngw,thj_n%i ch wat er provides cooli

target. e target as recited in daiml furm}dénglZ/nBaég 'E
ot or drlvefor ﬁ\‘“ | ati-on of said disk so as to vary the

Yadial positio “ oton beam strikes the:di srp

‘mul tiple statl rmta r"‘ay absorptlon contipfand det ect ENJ.!s ni&aﬁ&R 1998

syst em conpri si ng: ~a) -a proton source; a target

upon which protens frgm sa,hg% prm%tlggg%eforé&g{ogf gﬁﬁm{:lnczla tabsggbglggrget

conpri si ng: having-a gamma
ray producing macentgaband et eactdoaopysten as recited in Claimer w ﬁrsh!ld di sk

provi des a 360 degueedetection stéQﬁ@ﬁ@fHacﬁam He&yleéﬁr@ppﬁﬁﬁ.mately 45 C)

at least two detection stations_usi f.the 0 e
resonant ganmma r §79IEGRE BB fSEPf?*’d?%ealfq F3n°9 éon ?gbdgﬁggg
6. The nmultipl erslsanaoh gamme rayy ceReoer pti on cont rahand

: 8. The multiple station gamma ray absorption

-contraband detection system as recited in Claim 6 wherein
‘four detection stations each use approx:.mately 53 degrees
of the 360 degree resonant gamma ray cone. _

10 9. The multiple station gamma ray absorption
contraband detection system as recited in Claim 6 wherein
each detection station comprises: -

| a) a conveyor for transporting a test article
into that portion of the gamma ray cone used by the

15 station; and

| b) at least one detector configured to sense -
gamma rays which ‘have passed _through the test
article. o

10. (Amended) The ‘multiple station gamma ray

20 .absorpt'ion contraband detection system as recited in
Claim 9 further comprising a table which translates and
rotates the test article within .the proton beam.

11. The multiple station gamma ray absorption
contraband detection system as recited in Claim 9 further

25 comprising a plurality of containers into which test
articles are disposed, said containers being moved via

- said’ conveyor into the gamma ray oone. '
12. The multiple stai:ion gamma - ray absorption
contraband detection system as recited in Cla:.m 9 wherein

30 said detector(s) comprl.se a plurality of detectors
defining an array thereof. | '

13. The multiple station gamma ray absorptlon
~ contraband detection system as rec:.ted in Claim 9 wherein
said detector(s) comprise two rows of detectors generally

35 defining an arc.

14. The multiple stat:.on gamma ray absorptlon
contraband detection system as recited in Claim 9 wherein

— )
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«det eciehHapsystem_as recited in Claim6 wherein [err]
18 stations each use se between approxi mately ‘45 degrees- dm &antgms

gg%efagf a}oggrg'?loummmnm 'ﬂggtfggesystém as7'reC|t m ,rﬁambﬁnlgga

wherein four detectfontstiat imons each use a.agt.om mately 53 degrees of the
360 degree resonant gamma ray cone. . The multiple station gamm

ray absorption conty aband detegh CRHESL B0 “51566Eh bl A" o ©1 1

each detection Stat! of compri
detectors.

'15. The multiple station gamma raY ahsofption
contraband detection system as recited in Claim 9 wherein
§ said conveyor comprises:

a) at least one table for rotation and
translation a container containing at least one test
article;

b) at least one ihcoming conveyor belt for

10 bringing the container near said table(s); '

c¢) a first handler for each incoming conveyor
belt for moving the container from the incoming
conveyor belt to a table; |

d) at least one outgoing conveyor belt, and

15 e) a second handler for each ocutgoing
conveyor belt for moving the container from the

table to the outgoing conveyor belt.
16. (Amended) - The multiple station gammé ray
absorption contraband detection system as recited in

20 Claim 9, wherein said conveyor comprises: _

a) four tables disposed approximately 90
degrees apart from one another about a common
center, for rotation and trénslation containers,
each container configured for containing at least

25 one test article; .

b) two incoming conveyor belts disposed
‘approximately 180 degrees -apart from one another

about the common center, each incoming conveyor belt
delivering containers near two of said tables;

30 c) a first handler for each incoming conveyor
belt for moving a container from an incoming
conveyor belt to a selected one of the“two.near
tables; .

d) four outgoing conveyor belts , one outgoing

35 conveyor belt disposed proximate each table, for

' taking the containers away from said tables; and

"This Sheet Has Been Reﬂlace
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O3rticle within the prot on beam

ation ganma ray ab Orﬁaqu?fﬁ con%raband detection system

ali

9T ofe3Tht PRI NG 0

which test articles eabavdyspdselt foa slovimdg s centabeengfrow adtable sa d

?ﬂgetg 8998 co?verxor“oeﬂ;h Lﬁg%etﬁgétﬁl&am‘ra ray

(40)

nveyor into the ga

absor ption contraban

detect or conprises algl-ur Zhet W‘blft’cﬁélteecfsﬁﬁyﬁéf |9‘ﬁ’H’b‘ afayr r aHSOFRE RN |
The nul i plcontirabaft g8¢t@ctivn abgetphi s costitbdndn Claim 16

wherein said containers comprise drums. .

12.

|on as reC| ereln

18. ‘A conveyor for a multiple station gamma ray

absorption contraband detection system, said conveyor

comprising:

10

15

20

a) at least one table for rotation and
translation a container containing at least one test
article; '

b) at least one incoming conveyor belt for
bringing the container near said table(s);

c) a first handler for each incoming conveyor
belt for moving the container from the incoming
conveyor belt to a table;

d) at least one outgoing conveyor belt; and

e) a second handler for .each outgoing

sai d

conveyor belt for moving the container from the

table to the oui:going conveyor belt.
19. A conveyor for a multiple station gamma ray

absorption contraband detection system, said conveyor

comprising:

25

a) four tables disposed approximately 90

 degrees apart from one another about a common

30

35

center, for rotation and translation containers,
each container containing at least one test article;
) b) two incoming conveyor belts disposed

approximately 180 degreés apart from one another

about the common center, each incoming conveyor best
near two of said tables; S

c) a first handler for each incoming conveyor
belt for moving a .container from an incoming
conveyor belt to a selected one of the two near
tables;
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‘det egt‘# gpeystemas recited in d a| m 9 wherein said detector conpr i ses t
etector

an arc.
station ganma ray absiém‘tm band detection systeﬁpgﬂr em?ed |n
a

| ses a bisnuth germa(p ;deJ(aet‘?Rojggs

f ows -0

T aim9 wherein sa
19 14. The
detection systemas recited in Caim9 whe

a) at least one table for _rotation and,translatio of a contai ner
containing at |east one t&dt afPPEOMtgoing conveypr nlé?“l"

15:186 7033053230 USPTO/PCT OFEP -4~ WIPO

Wula

s O gamma r% _absorption'c Yan
|

conveyor belt for bricogivegor belt disposed proximate each table, for

10

15

20

25

. 30

35

taking the containers away from said tables; and
e) a second handler for each outgoing
- conveyor belt for moving a container from a table to
. the outgoing conveyor belt proximate that table.
20. (New) A method for conveying test articles

‘to and from a multiple station gamma ray absorption

contraband detection system, the method comprising the
steps of: |
' .a) bringing a container containing at least
one test article near at least one table via at
least one incoming conveyor belt;

b) moving the container from the incoming
conveyor belt to one of the tables via a first
handler; '

c) rotating and translating the container via
the table(s); and

d) moving the container from the table to an
outgoing conveyor belt via a second handler.

21. (New) A method for conveying test articles

~ to and from a multiple 'station gamma ray absorption

contraband detection system, the method comprising the
steps of: | '
a) delivering containers, each container
containing at least one test article,_to four tables
"via two incoming conveyor belts which are disposed
approximately 180° apart from one another about
F common center of the four tables, each incoming
‘conveyor belt being near two of the four tables, the
four tables being disposed approximately 90° apart
from one another about the common center thereof;
b) moving a container from an incoming
conveyor belt to a selected one of the two near
tébles via a first handler;

n said conveyor conprises:
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‘the ;eomﬂaamer near said table; ' c) afirst ha dlﬂus) %@9269 (_

i'ncom ng cenveyor bel t———*FUT—nUm—rrg-‘t—he~ cont ai ner fr

Belt Jand 0 o mﬁmﬂlﬂﬂﬁﬂﬂlﬂﬂfor 7 out gor na PAIS e 15PR 1998

for noving the container *froem out goi ng conveyor belt.
15. The multiple station gamm ray absorption contraband detection system
as recited in Gaim?9 wher n tq_gng ﬁ(y]qylla%gﬁ the conth"i)ne %our

tabl e di sposed approxi mte % d?%art one anot her about
common center for rot‘é’t?o'ﬁhe f°Hﬁd 88| 4O cd‘ﬂLEGHFale‘FéPEQmEBEﬁ of

cont ai ner confi gnr ed contzf-aharm)rﬂalemtlignathéeaapomnemdest article;
b) [two incoming  cONVEyOr naitld § contllitkeS8fom ond'BR' PRI RaBhLelE0

degrees .apart from one anot’her "a mon center, each |ncom ng
conveyor del i%ering céhteph&Ls four ﬂEﬁ‘imt% W‘@XPJ PEBFES"la a second;) g

first handler for eacChandlex) Ngach e yelie bfdir outdoingRonv@yarc beilaisner
froman incomng convgyor bell tGnfte a SUA&HAELAC 2b1E"C W0 Bedhg

t abl es;

Q)

confiqured to carry the container away from the
tables in four different directions.
10 '
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d) - fpUEl Desripeibmg paganvewopagebelts, one outgoing =~ conveyor belt
dlﬁspojeg m%(sr;rate;gg@mm@bﬂ,@edzbr taking the contai ners away from said
t abl eg;gapd ‘awm$$ __________ handl er for each outgoing conveyor -belt

al

for vpe%bgta% tablﬁagéd'f"'rt%r%i ablg to the outgoing conveyor belt

i e 2L N

contr
conveyor for a nultj kgmgtatlon gamm ray absorption contraband det ection
system said conveyor conprising:

,f 1. A target for a gamma ray absorption contraband

detection system, said target comprising:
' a) a disk formed of beryllium having a gamma ray
producing material formed thereon; and
b) wherein said disk provides a 360 degree resonant
gamma ray cone so as to facilitate operation of plural
detection stations simultaneously therewith.

2. The target as recited in Claim 1 wherein said disk
comprises a cav1ty formed therein through whlch,water is flowable
so as to prov1de coollng therefore.

3. The target as recited in Claim 1 wherein said disk
‘comprises two generally planar, generally parallel beryllium
walls defining a cavity within which water provides cooling for
‘the target. o o

4. The target as recited in Claim 1 further comprising a
motor drive for effecting translation of said disk so as to vary .
the radial position at which the_proton beam strikes the disk.

5. A multiple station gamma ray absorption contraband
detectlon system, said system comprising:
a) a proton source;
b) a target upon which protons from said proton
source are incident, said target comprising:
i) a disk formed of beryllium hav1ng a gamma
ray produc1ng material formed thereon;
ii) wherein said disk provides a 360 degree
resonant gamma ray cone; and
c) at least two detection stations using a portion
of the 360 degree resonant gamma ray cone to facilitate
detection of contraband.

6. The multiple station gamma ray absorption contraband
detection system as recited in Claim 6 whereRﬁPkAGENHE@ESHEET
=

|
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a) .at |least one table for rotation and transl‘atig,:_,ﬂ._,gf»a*ccmfﬁﬁer

¢ontaining at | east one test article; | e om ng
conveyor belt for bringing t he cont ai ner near sﬁ‘ﬂ‘“ “@“\“
a first handler for each incom ng conveyor belt

contai ner fromthe incom ng conveyor pglt to a table;

| east one outgoing conveyor belt; and e) a second handl er for

each out gai ig; RNV QYK beeisfe betwtegh may ngirk@téa@nt aalsnerdefgrr%@gt hsnaabl eto
the outgoing , .cqQnve onveyor for mul tiple

station W&W%gopét?%ﬁr%%t%ﬁ&?d 38§t E%T‘?’tﬁf‘ts?ﬁ“@ﬁ] r@él PRonveyor

conpri si ng: a) four table disposed approxi mate 90 degrees apart

from one anot her aQQﬁtmﬁlﬁfﬁPPnsfﬁﬂﬁéﬂ’géﬂﬁé &aﬁbggré%%?n contiraBER4 Lt | ON

of containers, ‘each contalner containi ng | eas ne test article;
b)  two detertd@nFYStemoRFeFsritednip lalmd?s% geein four,datectighel y 180
degrees apedtidnsoneayte wswtdgproatimateliie 53 degtemmpnfceheeBsoedelreacon ng

conveyor n ontai ners near two of said tabl es;
a fi rlb?eéi 34 (I%\r gae}éc% |&ncom ng conveyor belt

8. The multiple station gamma ray absorption contraband
detection system as recited in Claim 6 wherein each detection
station comprises:

a) a conveyor for transportiﬂg a test article into
that portioh'of the gamma ray cone used by the station; and -

b) at least one detector configured to sense gamma.
rays which have passed through the test article.

9. The multiple station gamma ray absorbfion contraband
- detection system as recited in Claim 9 further comprising a table
which translates and rotates the test article within the proton
beam. -

10. The multiple station gamma. ray absorption. contraband -
detection system as recited in Claim 9. further comprising a
plurallty of containers into which test articles are disposed,
‘said containers being moved via said conveyor into the gamma ray

cone.

11. The multiple station gamma ray absorption contraband
detection system as recited in Claim 9 wherein said detector
comprises a plurality of detectors defining an array thereof.

12. The multiple station gamma ray absorption contraband
detection system as recited in Claim 9 wherein said detector

comprises two rows of detectors generally defining an arc.

13. The multiple station gamma ray absorption contraband
detection system as recited in Claim 9 wherein said detector
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comprises a bismuth germanium oxide detector.




for noving a container froman i ncom ng conveydr bej‘,t,t,g,a——_....,fseheﬁt—ed

&ne of the two near tables; d) four outgoing conv r.q belts,
one outgoing conveyor belt disposed proximte ﬁ“ﬂ“mﬁmmﬁﬁt\mak' ng
the containers away fromsaid tables; and I d
handl er unit for each outgoing conveyps bel t for *moVYi ng a contai ner
froma table to the outgoing conveyor belt proximate that table.

19, TN ToF, CORNCLDOLL S0 s ARR Bihg 200 SR LURLEgRAAL O

gamma ray abso]r_'ti detect Pon sy C ! FSing the
steps of :detection sygtemprgsngiasdtadcdnt &ladm Somhgraingsaid| eapveype test
article nggfpPisdsgast one table via at |east one incom ng conveyor

bel t; a) at least one table for rotation and translation

of a container containing at least one test article;

b) at least one incoming conveyor belt for bringing
the container near said table; '

c) a first handler for each incoming conveyor belt
for moving the container from the incoming conveyor belt to
a table;

d) at least one outgoing conveyor belt; and

e) a second handler for each outgoing conveyor belt
for moving the container from the table to the outgoing
conveyor belt.

15. The multiple station gamma ray absorption contraband
detection system as recited in Claim 9 wherein said conveyor
comprises: '

a) four table disposed approximately 90 degrees
apart from one another about a common center for rotation
and translation of containers, each container configured
for confaining at least one test article; '

b) two incoming conveyor belts disposed
approximately 180 degrees apart from one another about the
common center, each incoming conveyor delivering containers
near two of said tables; ' ‘ '

c) a first handler for each incoming conveyor belt
for moving a container from an incoming conveyor belt to a
selected one of the two near tables;

d) four outgoing conveyor belts, one outgoing
éonveyor belt disposed proximate each table, for taking the
containers away from said tables; and |

e) a second handler for each outgoing conveyor belt
for moving a container from a table to the outgoing
conveyor belt proximate that table.

16. The multiple station gamma ray absorption contraband
detection system as recited in Claim 16 wherein said container

comprise drums.
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b) fnoving the container fromthe incom ng conveyor belt to one of the
fiables via a first handler; C) rot atl ng and translating the

C e e S 2 g convehr o 2944ﬂilﬂcl|\m|ﬂ1ﬂ\|ﬂ1lll

20. A nmethod for conveying test artisgl es to and froma nultS plte &t ation
gamma ray absorption contraband detection system the nmethod conprising the

steps of: 17. A abnvéﬁéf \E%E:' aqmﬁ(m bngfémﬁa@amﬁgnf@y NsdrPrtiadnni Ng
at | east one test article ‘is via two’inc conveyor
bel ts whi ST adidsﬁ(‘i%ﬁt%\‘b‘br%')ﬁtr%eﬁl 8?9’1Y€Qfl°é'e§°mprlsé 3ft from one
anot her about a comon eenleastofortehdapder for rotatilams,amhdiranxiatiog

conveyor bei NG, NeAL L\ ; Bbr dhifQWing at 1&H¥EIne! REsEONFLIAPL £S being
di sposed approxi mate 90 degrees apayt from one anot her abaqut the

common cent er Dher 8bfleast one incoRing Gonyeyar cRethifng iggiag

i ncom ng conveblar comlthiner ndéar saddl tsbke; one of the two near tables via a
I/: ;S: he handlericy 4 first Handi@rEbPle2Of (AR IdYhvdyorC BB ners
: for moving the container from the incoming conveyor belt to
a table; '
d) at least one outgoing conveyor belt; and
e) a second handler for each outgoing conveyor belt
for moving the container from the table to the outgoing
conveyor belt.

18. A conveyor for a multiple station gamma ray absorption
contraband detection system, said conveyor comprising:

a) four table disposed approximatenéo degrees apart
from one another about a common center, for rotation and
translation of containers, each container containing at
least one test article; )

b) two incoming conveyor belts disposed
approxiﬁately 180 degrees apart from one another about the:
common center, each incoming conveyor belt delivering .
containers near two of said tables;

¢) - a first handler for each incoming conveyor belt
for moving a container from an incoming conveyor belt tb a
selected one of the two near tables;

d) four outgoing conveyor belts, one outgoing
conveyor belt disposed proximate each table, for taking the -
containers away from said tables; and

e) a second handler unit for each outgoing conveyor
belt for moving a container from a table to the outgoing
conveyor belt proximate that table.

19. A method for conveying test articles to and from a
multiple station gamma ray absorption contraband detection
system, the method comprising the steps of:

a) bringing a container containing at least one test
article near at least one table via at least, one incoming
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four tables to facilitate performance of cont raband’ detection

t her eupon; and d) noving a container fronLone~e+'fUUT'T55T€§ to
one of four outgoing conveyor belts via a second Wu“
t he four outgoing conveyor belts being proximte a igm e and
being configured to carry the contaipgr away fr ssirf four
different directions.
b) moving the container from the incoming conveyor
belt to one of the tables via a first handler;
c) rotating and translating the container wvia the
table; and
d) moving the container from the table to an
outgoing conveyor via a second handler.

20. A method for conveying. test articles to and from a
multiple station gamma ray absorption contraband detection
system, the method comprising the steps of: _

a) delivering containers, each container containing
at least one test article, to four tables via two incoming
conveyor belts which are disposed approximately 180 degrees
apart from one another about a common center of the four
tables, each incoming conveyor being near two of the four
tables, the four tables being disposed approximate 90
degrees apart from one another about the common center
thereof;

b) moving a container from an incoming conveyor belt
to a selected one of the two near tables via a first
handler;

c) rotating and translating the containers via the
four tables to facilitate performance of contraband
detection thereupon; and

d) moving a container from one of four tables to one
of four outgoing conveyor belts via a second handler, each
of the four outgoing conveyor belts being proximate a
dedicated table and being configured to carry the container
away from the tables in four different directions.
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(ST) Abstract
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_ A multiple station gamma ray absorption contraband detection system utilizes a proton source (200) and disk-shaped target (100) to
provide a 360 degree rescnant gamma ray cone which is suitable for use in four scparate gamma ray absoprtion contraband detection stations
(202, 204, 206, 208) simultanecusly. The target has two beryilium walls coated with 13C and 34S so as to facilitate the detection of nitrogen
and chlorine in 2 manner which reliably and effctively identifies contraband such as explosives and drugs via gamma ray absorption.




