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undesirable effects such as intensity anonalies. Intensity anomalies arise
fromthe 30 dependence of the observed signal anplitude of the echo signal

on the offset fromthe NQR r'eso%RGHcﬁgwﬁq\% Thi s dependence is cyclic
in nature, and the
15 It is described in the paper by Carr, “Steady-State Free Precession in Nuclear

Magnetic Resonance”, Physical Review, vol. 112, No. 5, 1958, pp. 1693-1701
that irradiation of a prescribed substance with so-called “Steady-State Free

Precession” (SSFP) multi-pulse sequences, under certain conditions, produces
an echo signal in the form of a non-decaying chain of signals from the prescribed
20 substance. Consequently, such multi-pulse sequences have been used
effectively in nuclear quadrupole resonance (NQR) for detecting explosive and
narcotic substances, as described in SU Patent Specification No. 1,824,559
(Kuznetsov and Koblev), US Patent Specification No. 5,365,171 (Buess et al),
and in the paper by Rudakov and Belyakov, “Modifications of the Steady-State
25 Free Precession Sequence for the Detection of Pure Nuclear Quadrupole
Resonance”, Journal of Physics D: Applied Physics, vol.31, 1998, 1251-1256.

However, the use of SSFP multi-pulse sequences is hampered by undesirable
effects such as intensity anomalies. Intensity anomalies arise from the

30 dependence of the observed signal amplitude of the echo signal on the offset
from the NQR resonance frequency. This dependence is cyclic in nature, and the
repetition period equals the inverse of the interval between pulses.



repetition period equals the inverse of the interval between pul ses. WO
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In view of the effect of intensity anomalies, very precise tuning of the transmit
frequency in relation to the resonance frequency is required in order to obtain the
15 maximum echo signal. Hence, although the value of the transmit frequency is the
same, the intensity of the signal can vary according to the variations in

temperature.

In the Kuznetsov and Koblev SU Patent No. 1,824,559, the following method of
20 eliminating intensity anomalies is suggested. The prescribed substance is
irradiated with a sequence of coherent puises with a flip angle ¢ and a repetition
period 7, providing a basic sequence of the SSFP type:
[r/2-6-7/2],,
where = is the number of cycles (or alternatively: [6 -], ).
25
The irradiation is carried out in series, with the carrier frequency of each
sequence corresponding to one of the following values:

2
f, and fo__;,

£, being close to the resonance frequency of the substance being detected.

30



fo being close to the resonance frequency of the substance being detected.
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15
In this case, if a maximum signal is observed in the PAPS observation window,
then a minimum signal will be observed in the NPAPS observation window.

Consequently, the total signal intensity is V2 times less than (or approximately
70% of) the maximum possible intensity achieved when using the sequence:

20 [r/2-8~-7/2],.

In other words, an intrinsic limitation of this method is that it can only recover

1/42 or approximately 70% of the maximum available signal by virtue of the
summation process of the two pulse amplitudes, whatever the pulse spacing.
25
Thus, the use of the above methods for reducing temperature variation or other
effects that cause the intensity anomalies for a preset number of accumulations,
is associated with a decrease in the net intensity of the echo signal as compared
with the maximum observed when using a sequence of identical pulses of the
30 type:
[z/2-6-7/2],.



30 type: WD 01/ 25809 PCT/ AUOO 01214 -4 A problemw th the use of
mul ti-pul se sequences in both NQR and NVMR, ~ however, is their connection

wi th undegbopissey phenonena such as probe ringing (cau§efl,AgyM;l§ﬁnS| ent
processes in the resonance circuit) and magnetoacoustic 5 ringing. The

duration of transient processes in prébe ri nging at NCQR frequencies can
reach hundreds of m croseconds, as discussed in the paper by Rudakov and .
M khal t sevi ch, Instrunments and Experinental Techni ques, Vol. 38, No. 6,
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and magnet oacoustic rjngi ng:; 1000 r]"[ -z-Btu -z
or ceramic) specimens, which can occur inside a specimen that is scanned for

16 detecting the presence of a prescribed substance.

The nature of magnetoacoustic ringing in NQR and NMR is linked with re-
orientation of magnetic domains in magnetised materials under the influence of a
pulsed radio frequency magnetic field. The change in the orientation of domains

20 occurs as periodical oscillations, the frequency of which coincides with the
frequency of the RF pulses. The domain oscillations continue after the end of the
RF pulse, gradually damping down due to dissipation forces inside the magnetic
material and the loss of energy by electromagnetic re-emission. This re-emission
can last for several milliseconds. The value of the signal induced by re-emission

25 can be greater than the NQR signal from a prescribed substance. The frequency
and phase of this signal depends only on the transmit frequency.

In the Buess et al US Patent No. 5,365,171, it is suggested to use the following'
method for the aforementioned combination of NPAPS and PAPS to eliminate
30 probe ringing and magnetoacoustic ringing:

[8p —7 =0y —71,[0, =7 =05 ~7],-



----------- - WO 01/ 25809 PCT/ AU0O0/ 01214 -5- As is stated in the Buess et
al patent specification, the magnetoacoustic signal has the sane phase as
the initial weP1psHze. The NQR signal contains two conponePCBAUGNEN4

I nducti on decay and echo, with 5 the i%duction signal always being in
phase with the RF pul se, and the echo sSignhal being 1800 out of phase to

the i nduction signal, when i rradjate ith DS and i n phase when
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O pulse and the two PAPS 90, pul ses are added together and subtracted from
the signal reeeNardsighilcdontdis NRAESMBSerts i indlioneddtay dndl ddhal witRt h the

i nduction_and the ringi n% i nputs are conpletely excluded fromthe total

signal . Fhéhainskistiempigne awaysheing.amhage withithe RF pulsee and the ednosignal t he
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as for transnit requenclies o f'set rom e resonance Trequency

val ue Af so jhigdtiohRditRe AhdIAG irfbuts areBohiplétblyexchiaed fom the tewl sigmaieger . | f
t he above phase correlations at Aft * mare not conplied wth, "the signal
I's further decreased because the suggested schene of accunul ati on ceases

to be optinMathe disadvantage of this method is the further decrease of the intensity of the
15 echo signal that occurs due to the exclusion of the induction signals.
Furthermore, the pulse sequence:
[(6p —T—0p —7),[0, —7-0 0 —7], ,
is a combination of sequences of the SSFP type, with phase anomalies observed
inside each sequence. Such phase anomalies are discussed in the book by
20 Emst, Bodenhausen and Wokaun, Principles of Nuclear Magnetic Resonance in
One and Two Dimensions, Chap. 2, Clarendon Press, Oxford, 1987.

Thus the phase correlation between the induction signals and echo signals,
established in the Buess et al Patent Specification No. 5,365,171, is only true for
25 exact resonance, as well as for transmit frequencies offset from the resonance
frequency by the value 4f so that the relation 4fr=m is true, where m is an

integer. If the above phase correlations at 4fr #m are not complied with, the

signal is further decreased because the suggested scheme of accumulation
ceases to be optimal.
30



30 WO 01/ 25809 PCT/ AUOO/ 01214 -6 Wth respect to the application of NVR to
substance detection, intensity variation caused by drift and variation in
the stati WORGAWPic field is also a problem which is PEWAYIEI2ZONE by use
of any of the aforenentioned pul se sequences. 5 SUMVARY OF THE | NVENTI ON It
I's an object of this invention to increase the accuracy of detection of
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probe ring® (?gﬁﬂcﬂ@S:bé(t'%&oiﬁgyPt&reiazﬂﬁﬁﬁn{i?ﬁe&%ees?%”‘é%urate det ecti on
of prescribed substances such as, but not limted to, certain explosives

and narcotics, in a speci 8 resonance. it is a further,
or altetfnative, preferred ' ION,vention to substantial ly
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intensity from detecting substances using 20

varyi ng nechani sns ar.i si ng S US
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acconpl i shggbchieris) @ohipRred with Prévicuslys RSB AR IHFTUSIYF cﬁn,lték_ﬂinﬁ Sy Bdihg y of
pul ses which irradiate the nuclei of a specinmen in which a prescribed
subst ance Puclegsigsanange suchias NARer NMB. produce a 25 plurality of nucl ear
resonaqgpe echo signals in the prescribed substance if present that can be
detected and anal ysed. Thus, in accordance with one .aspect of the present
i nvent i on, Ittiharrsefesredrehiectal the presenbinveationjta evercerye dnierfesnce e subst ance

in a specig@Be rifGiEahdinidhnettacoustic
ringing to enable the accurate detection of prescribed substances such as, but
not limited to, certain explosives and narcotics, in a specimen using nuclear
15 resonance.

It is a further, or alternative, preferred object of the present invention to

substantially overcome or accommodate the temperature effects or the effects of

other intensity varying mechanisms arising from detecting substances using
20 muiti-puise NQR or NMR.

These and other objects of the invention are accomplished by the use of a pulse
sequence comprising a plurality of pulses which irradiate the nuclei of a
specimen in which a prescribed substance is sought to be detected, to produce a

25 plurality of nuclear resonance echo signals in the prescribed substance if present
that can be detected and analysed.

Thus, in accordance with one aspect of the present invention, there is provided a
method for detecting a prescribed substance in a specimen, comprising:

30
irradiating the nuclei of a specimen in which a prescribed substance is sought to
be detected, with a pulse sequence comprising a plurality of pulses, wherein the
pulse sequence includes pairs of pulses offset from each other by a prescribed



irradiating the nuclei of a specinen in which a prescribed substance is
sought to be detected, with a pul se sequence conprising a plurality of

pul ses, whergi pul se sequence includes pairs of pul from
each ot her %gdgmtﬁj‘r;@scri bed WD 01/ 25809 PCT/ AUOO 01214 -7§§E/é‘;ﬁe“;’(§21|t4ft to

produce a plurality of nuclear resonance7echo signals fromthe prescribed
substance, if present; and anal ysing the echo signals to detect the

presence of phasepsisiftadi groducbgilaaliy. of Sudbarussorange ehs sigreail roaetHehat
produces a plural,it f nuclear resongance echo signals, as opposed to a

si ngl e nucl eBfesF @@Eh'gpﬁqsﬁﬁtala" hat arises from using either the
PAPS/ NPAPS conbi nation or the basic SSFP pul se sequence, a higher signal
to noise ratio can he achieved with the groduced nucl ear, resonance 10
signal' s, ena8Naivyng the ewsignalsia deteqt thp bresgncaselthe grescribed systanteesence of
a prescrigbed substance in the specinmen, irrespective of the effect of
tenperature _and other factors on the intensity of the nuclear resonance
echo si gnal sBY usingfa@ pHise\sequanrcethpt Brosges A Rlurality of Auciparciesananaseshei rs of

pul ses with S ' | ' f ype:
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speci nen t he?ge\(/g\ngt ) \?\ﬁ%i&h&aﬁg é?lskg'fﬁ'ph%ﬁé ur eé@r?gcsef?tﬂgeeg%ﬁtv%h?ﬁ : tglrrﬁeal ysi ng
nucl ear resoanshothesfaotorsiogribe intensity of tHeynuolsar resomance echrusigmals.wi t hi n sai d
specinmen Irradiated by said nmulti-pul se sequence to detect the presence of
the prescribed substance in the specinen; and

Preferably, the pulse sequence is constructed with pairs of pulses with phases of

15 adjacent pulse pairs offset by 90° of the type:
[7/2-(0-A47-8), —7—(0- A7 -6),, —7/2],,

90°
and the transmit frequency having an offset relative to the resonant frequency of

an irradiated nuclei of the prescribed substance.

20 In accordance with another aspect of the present invention, there is provided a
method for detecting the presence of a prescribed substance in a specimen
comprising:

transmitting a multi-pulse sequence at a transmit frequency to irradiate nuclei in
25 a specimen therewith, within a set temperature range;

receiving and analysing nuclear resonance echo signals issued by any resonant
nuclei within said specimen irradiated by said muiti-pulse sequence to detect the
presence of the prescribed substance in the specimen; and

30
wherein said multi-pulse sequence comprises paired pulses with phases of
adjacent pulse pairs offset by 90° of the type:



30 wherein said nulti-pul se sequence conprises paired pul ses with phases of
adj acent pul se pairs offset by 90 of the type: WO 01/25809 PCT/ AUO0/ 01214

-8- [z/2-rdpsges 0, said transmt frequency has an of f sefpivdesRiation to
the predeterm ned resonance frequency of irradiated nuclei of the

prescri bed substance; and 5 said anatysing involves performng a Fourier
transformon the received nuclear resonance echo signals, registering only
those echo si gial2s- (Paidd-nd) w2t -hid- 4e — gy Fevizhand range corresponding to the
resonance frequencies of irradiated nuclei of said prescribed substance in
the set tenperature range, and then 10 conparing the registered echo
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substance to determ ne whether said prescri stance Is present or not
in said s(eeguersy ofiifadiated nualen@frtheprﬁscpbedwsmncgegnd)f the mul ti-pul se

si gnal greate addi tional echo 15 signals in observation wi ndows of the
sequence, which increases the intensity of the received signal.
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In this manner, the paired pulses of the multi-pulse signal create additional echo
15 signals in observation windows of the sequence, which increases the intensity of

the received signal.

Preferably, the method includes receiving said nuclear resonance echo signals in
all observation windows of a multi-pulse sequence, corresponding to time

20 intervals between adjacent pulse pairs, and said analysing includes summing
said time infervals in each window to obtain a resuitant signal and subjecting sald
resultant signal to said Fourier transform.

In this manner, the Fourier transform distinguishes the nuclear resonance echo
25 signal issued by any prescribed substance present in said specimen from probe
and acoustic ringing by differences in frequency.

In accordance with a further, but not necessarily essential, aspect of the
invention, there is provided a method for detecting a substance within a class of

30 explosives and narcotics, such as those that may contain a “~N, *Cl, *Xor
¥Cl nucleus in a specimen, the method employing nuclear guadrupole
resonance and comprising the steps of:



30 expl osives and narcotics, such as those that may contain a 14N, 35C1, 39
K or 37Cl nucleus in a specinen, the nethod enpl oyi ng nucl ear quadrupol e
resonance amoovzEspX i sing the steps of WO 01/25809 PCTI AURETOMURYAI214 9 ( q)
generating a nodified steady state freegprecessi on RF pul se sequence, said
RF pul se sequence consisting of paired pul ses, each paired pulse of said

RF sequence bei ng .of the. sane duratio ai r.ed ul se_separ atd.on

pr ede'fI erm ned f rgﬂjﬁ?@{ﬁ "G d trﬂgd'ﬁ?‘fgsgeﬁé)y e%‘%‘ﬁ g'%gveq{e%eas%%@d F%)ul g'@g%f sai d
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of sai ul se sequence rei eac ul se of_ . said. ire ulseis o
the- sane pﬁase, dm%z@B&P'%BFS%%{@eS%EQE%MH qfr@? 33'"?%‘5“’%’ l%élﬁe‘gul se;

(b) transmtting sahilsdbepithtioh aripreasierhined frRgadiscy, aAd (v phaseadieath ng t he

speci men with said RF pul se sequence transmtted to said probe at said
step (b);5(d) det ecevengpaitesl ruise gfiaaid fifd pulse asaHenre:beina $hitegn30's Witht ween
paired pul ses of ' r ) | + N
response to irradi Z‘?Fﬁ%&%%géﬁ)gg?ﬁgﬁggﬁﬁlssgioggé'tg‘epﬁ ?gssg%fgﬁ%lgﬁeog@%%dr\lg al |
sai d nucl ear quadr wgashepules of saidepairsidopulseisadftheosarge pbase,cduratians ahd ant

signal; (f) subj ec;&r,ﬂ%}rgﬁisa?aﬁoﬁﬂéiéggéiglsdagga?u}sg. a Fourier transform (g)

generating a Fouri orne result of said Fourier
transform 20 (h)b)trawmitiog shid R pulsg seqirehcEda i probe;r ansf or ned signal ; (i)

br edot er 9 ned T oferEAIBVHET ehfmen Wi 38 A gARp s ARes BandrReBi e, ca
si gnal exceeds sai dsgid prbbiecat suidestep (bgf er ence magni t ude.
(d) detecting nuclear quadrupole resonance echo signals between paired
pulses of said RF pulse sequence transmitted to said probe in
response to irradiating the specimen at said step (c);
15 (e) summing all said nuclear quadrupole resonance echo signhals to
generate a resultant signal;
(f) subjecting said resultant signal to a Fourier transform;
(g) generating a Fourier transformed signal as a result of said Fourier
transform;
20 (h) frequency filtering said Fourier transformed signal;
(i) comparing a signal obfained after filtering at said step (h) to a
predetermined reference magnitude; and
() signalling when said filtered signal exceeds said predetermined
reference magnitude. '
25
Preferably, said pulse separation inside said paired pulses is much less than said
paired pulse separation between neighbouring said paired pulses.

Preferably, the lowest frequency of said filtered signal is about 0.5-1.0 kHz.

30
Preferably, said predetermined frequency of said RF pulse sequence is set near
to a nuclear quadrupole resonance frequency of a quadrupolar nucleus such as

UN, 3¢, ¥Kor ¥CI in said substance to be detected.



25 Preferably, said pulse separation inside said paired pulses is nuch | ess
than said paired pul se separation between nei ghbouring said paired pul ses.
Pr ef er abl wo 0128809 owest frequency of said filtered sign®CTisgiogeiest 0.5-1.0-
kHz. 30 Preferably, said predet erm'_nf:(g_frequency of said RF pul se sequence
s set near to a nuclear quadrupole sonance frequency of a quadrupol ar
nucl eus such as "4N, 35Cl1, 39K or "CO in said substance to be detected. .
WO 01/ 25809 PCT/ AUCO 01214 -10 Preferably, said substance to be detected
conpri ses Preferaliy osaid substanes totbecdetetted Wwdmptises 2ANXplosiveusr: narchlief er abl y,
sai d substance to 1?6 detected conprises an explosive or narcotic including
a "d nucliBelydinggef ¥rrualgus. saj d substance to be detected conprises an

expl osive or narcotic including a "C nucleus. 10 Preferably, said
substance to be detected conprises an explosive or narcotic including a
39K nuch erefaraply,ceaid sahslanos to berdatected Dopwrises ant explosivesehnarncetieent i on,
there is pragvi.ded AR 1‘:‘i apparatus for detecting the presence of a

prescri bed"@ﬁ%‘gggncg P‘ﬁcﬁugpeci men conprising: generating nmeans to
generate a pul se sequence conprising a plurality of pulses, wherein the
pul se sequenge , ncluydes, pairs, ot pulses,offset fromeach other by a 20
prescri begg fﬁf?é%féy-s?ﬁ"?ts}’bgtﬁf‘%F%Pﬁrfgetﬁ%aﬁ’@mﬁ’"ﬁ?sr 2B %P SR’ﬁeornﬁ%rP% Cof a
speci men iiRciihGa thenpiseence of a prescribed substance is sought to be
detected, wth Said pul se sequence; and 25 anal ysi ng nmeans to anal yse any
echo si'@nal s produced in the specinen on irradiating same with said pul se

sequence s AeiRGT sdid SUBSBRGS & b8 ddtd&ed comprises an explosive or narcotic
including a ¥ K nucleus.

In accordance with another aspect of the present invention, there is provided an -
15 apparatus for detecting the presence of a prescribed substance in a specimen
comprising:

generating means to generate a pulse sequence comprising a plurality of pulses,
wherein the pulse sequence includes pairs of pulses offset from each other by a
20 prescribed phase shift;

irradiating means to irradiate the nuclei of a specimen in which the presence of a
prescribed substance is sought to be detected, with said pulse sequence; and

25 analysing means to analyse any echo signals produced in the specimen on
irradiating same with said pulse sequence to detect the presence of the
prescribed substance;

wherein the pulse sequence is of type that is capable of producing a plurality of
30 nuclear resonance echo signals from the prescribed substance, if present in the
specimen.



prescri bed substance; wherein the pul se sequence is of type that is capable
of producing a plurality of 30 nuclear resonance echo signals fromthe

prescri bed sybsiagee, if present in the specinmen. WO 01/ e&8ABoosn1214
PCT/ AUCO' 01214 -11 In accordance with another aspect of the present

invention, there is provided an apparaflls for detecting the presence of a
pr.escri bed substance in a specinmen conprising: 5 nulti-pulse sequence
gener at i ng nireascordange wathaanotheraspect qf dihe praseqtiavertiong these isspmyidedianed

(715500 ae- o e by AEERERInd be3ender § gieachiBba BpHaneh Il ISopbHRR, o

sai d nul ti-podmprisiegiuence at a transmit frequency offset in relation to
the predeterm ned resonant frequency of irradiated nuclei of a prescribed
substance to perneate a speci men and accommodate any intensity variation
mechani sm§  iruiti-puise \seggems=agsnérating ceeans  tou gerenate @s nuitipuise cequenagnal s

I ssued by any nucgl.ei whin saji eci nen.irradiated. by_said | ti-pul se
sequence;  anEPYEsiGs el BUGeS Aith pBses l ptiacenf uge Pas HEsR oY 6t tiebnai <
and establ i sipe20 whether any of received resonance echo signals indicate
the presence of said prescribed substance in said-specinen; and alarm
nmeans to issue an alarmin response to said anal ysi ng neans establi shing

t hat sone of saidprecepVv clear/gre nce ho signals indicate the
18Ceh Vad _TCl garpregonance egho si gn: . |

presence 25 of Stlg gr egcr {yg'éd ségstan@"ﬂ n’@rd speci nen; wherein said

anal ysi ngtg nvol ves summ ng all said nucl ear resonance echo signals to

generate a resultant signal, performing a Fourier transformogn said
transmitting means to transmit said multi-puilse sequence at a transmit frequency

offset in relation to the predetermined resonant frequency of irradiated nuclei of a
prescribed substance to permeate a specimen and accommodate any intensity
variation mechanisms;

15
receiving means to receive nuclear resonance echo signals issued by any nuclei
within said specimen irradiated by said multi-pulse sequence;

analysing means to analyse said received resonance echo signals and establish
20 whether any of received resonance echo signals indicate the presence of said
prescribed substance in said specimen; and

alarm means to issue an alarm in response to said analysing means establishing
that some of said received nuclear resonance echo signais indicate the presence
25 of said prescribed substance in said specimen; '

wherein said analysing involves summing all said nuclear resonance echo
signals to generate a resultant signal, performing a Fourier transform on said
resultant resonance signal, registering only those signals falling within a narrow
30 band range corresponding to the resonance frequencies of irradiated nuclei of
said prescribed substance in the set temperature range, and then comparing the
registered signals with said set reference values corresponding to said



resul tant resonance signal, registering only those signals falling within a
narrow 30 band range corresponding to the resonance frequencies of

i rradi at ggo owpssedi of said prescribed substance in thePGEAU(m@merature
range, and then conparing the registered signals with said set reference
val ues corresponding to said.WO 01/ 29809 PCT/ AUOO/ 01214 - 12 prescri bed

subst ance to determ ne whet her salﬁ&glraescrci bed H gn@e |s resent or not
in said speascriesd sqhﬁe*csﬁefis%ﬁne Y@ W@s‘é’%ﬁ BHOERdIS e?eoﬁl o by
appr oxi mapehot "glsgﬁsspbe,me'ﬁ conparison to previously nentioned prior art

t echni ques, I'n practice excludes intensity variations due to

t enperat ure changes and other intensity variati on mechanl sns. BRI EF

DESCRI PTI ON OF THE DRAW NGS. 10 The .i nventign w || b}e/— under st ood in
the |ight THiS 2RREO3) INGTRaReS e siandrtpdioiss; ratg by ?ﬂpé‘?’%’r‘ﬁ ANFS N

t her eofs  Eh@pafsdiY itd! br@Vouél% NRAtioNdd pFeF &ireNeehniqueb handatt Qractiegi ng
drawi ngs, wherein: bl

ows a ock di agram for tgr esrﬁgt . nvention
embodi ed eXcludrs "ﬁ@"ﬂ'%r‘fﬁ"éﬂo%dﬂﬂ@s‘?@@@fﬂw | ghanges; ﬁﬁa/sc’ et ifenYdi agr am of
t he nodif r he SSFP sequence of the type: [T/2-(9-dz-9)0,
-z-(9-dz- g?@%}bﬁ ﬁ?%n%ﬂnz% FIG 3a, 3b and 3c show the picture of the echo

signal in the tinme domai n recei ved using the sequences NPAPS, PAPS and of

the nodified version ESCRIPHON QR IABPRANENGS e which is the subject
of theypreRgity, nlk_@@m bé)BeﬁérEtﬁiaeFétédbeinwheiiuQﬁt dfviee fbllﬁ\ﬁfngtdi-zsbﬁﬁtlbﬁlcﬁnt
frequenci es; f and denonstrate the nature the resul t ant

si gnal wi ohe prefene@enﬁedmeeqw Thehdesariptionsisraades i eay;e g ecei ved
echo si gngk§ T%ﬁﬁﬂ%ﬁﬁﬂ@g%hﬁe nsets correspondl ng to the nul ti-pul se

sequences 000 -T]"[900 -T-91800 'r]. and
[T/ 2-(9-dT-9)0a -z-(9-dz-9)90, -z/2],,, respectively;

FIG. 1 shows a block diagram for the present invention embodied in the
15 form of an NQR system;

FIG. 2 shows a timing diagram of the modified version of the SSFP
sequence of the type: [r/2-(8-47—-6), -1 —(0 - 47 -0),, ~7/2],;

20 FIG. 3a, 3b and 3c show the picture of the echo signal in the time domain,
received using the sequences NPAPS, PAPS and of the modified version
of the SSFP sequence of the type which is the subject of the present
invention, respectively, for two discrete transient frequencies;

25 FIGS. 4a and 4b demonstrate the nature of the resultant signal with
respect to frequency, obtained after summing of the received echo signals
with frequency offsets corresponding to the multi-pulse sequences of the

type: [fp —7 -6y 7], [0p —7— Big0 — Tl and
[£/2-(0—-A4r—8)p —7—(6 - AT -0) —-t/2],, respectively;
30



30 WO 01/ 25809 PCTI AUOO 01214 -13 FIG 5 shows the Fourier-spectrum of the
Fourier transfornmed signal obtained for received NQR echo signals excited
by the sequwooezsshs/ 2- (8-Ar-8)00 -z-(8-ii -8)900 -2z/2],, ;rcavkiiodoR2iG. 6
denonstrates the Fourier-spectrumof the Fourier transfornmed signal

obt ai ned for received NQR echo signal s %Trespondi ng to the signal in FIG
5.falling within_the narrow band of the resonance frequency of the

prescri bed subst Eie8, shows thai Eouriar-spestiumm ofgthe foprieickippsiorredrsianat
PREFERRED ENBODI NENhal for FOQNEEENQRS ofhid Sidritls texeRédIShy? 1 Vidduenss met hod
using NQR for detecting the presence of quadrupol ar substances, which

exhi bit NQR i nt efisi2-(0 4w+ @i -ons(@-edat-B)pod/2hmandnper at ure vari ati on and
ot her factors such as tenperature gradient (across the substance),
crystalline inpurities, crystalline 15 phase and pressure. Such materials

incl ude cgrtai n Fyp@S demofsiPates | thBSFaibr-spatirdth! 66 ttfd! FIUABE Yanshad i ng
quadrupol ar nuclei such as 14N, "d, 39K or 37Cl. Specific exanples would

be RDX ( C3H6NG06signatoktaingd frf recaivedhQiugchosignalscarrespondiog ta thejsignakner al
terms, a device ilrics RABSHHIHIDHERrPbAR Wetn@resciindd tieqlbricySuifid ance

I ncl udes a frequengy@_synt t‘gﬁ'sér F )T 1 ich gerfg?at gs ana osgisc?*l ating
signal with a fromesrlgd substanpsceafter digital RIG¥TN equency of the prescri bed
substance sought to be detected. The oscillating signal is then passed to
the input of a radio frequency (RF) gate 2, which is controlled by a
signal fA@m a pul se REFERIMTION QEViHkPB RRE IBEOMENbgr ammed RF pul se
25 sequence at the output of the RF gate 2. The RF pul se sequence is then
anpl i fi ed vitheaepbadimentpsi dirested) tewiards sa tdayicep and griethod ausingiN@Rt foand
receive pr i ] | en 'n&ih% NU??. +1 he
devi ce. The%ﬁ%%gggﬁg%i{s%ggg oggﬁggwggkaﬁggeggﬁ& Vv\@l?dgh or?ns pafrii'ttg%‘#&a
resonance civagations resulting tftem tempediturel vedjationc andugther i factare| suchs asr eat ed
in the exampefo Vol dEa8fent Mcross the substance), crystalline impurities, crystalline

16 phase and pressure. Such materials include certain types of explosives and

5 ».3 ()

narcotics substances containing quadrupolar nuclei such as "N, ¥*CI, %K or ¥Cl.
Specific examples would be RDX (C3HgNgOs) and cocaine (C17H21NO.).

As shown in FIG.1, in general terms, a device 11 for detecting the explosive or
20 narcotic substance includes a frequency synthesiser (FS) 1 which generates an
oscillating signal with a frequency f, close to the NQR frequency of the

prescribed substance sought to be detected. The oscillating sighal is then
passed to the input of a radio frequency (RF) gate 2, which is controlled by a
signal from a pulse programming device 3, to generate a programmed RF pulse

25 sequence at the output of the RF gate 2. The RF pulse sequence is then
amplified via a power amplifier 4 and is then passed to a transmit and receive
probe § disposed adjacent to a specimen being examined by the device.

The probe 5 includes an induction coil, which forms part of a resanance circuit,
30 so that a radio frequency magnetic field is created in the examined volume of the
specimen, on the amplified RF pulse sequence being passed through the probe.
The induction coil of the probe § is disposed so as to be coupled with the RF



speci nen, on the anplified RF pul se sequence bei ng passed through the
probe. The induction coil of the probe 5 is disposed so as to be coupl ed
with the WO o259/ 25809 PCT/ AU0O/ 01214 -14 magnet i ¢ f ipeTAUBO/@ERI4Ld i N the .
speci nen and receives any NQR echo SI?XI generated by the prescribed
substance sought to be det ect ed, if Is present in the exam ned vol une

o e PSRl B et ch! B8 e a4 LR Skt el £

Accor di ngl generdted rbeyctne ‘pﬁéscﬁbed sabsiaire sbught ) bé dbtetedNd it B Pissenpirf i | ter the
recei ved echo 5| For é‘g g 0 ref erence voltages are conveyed to
olHme pEE SREGMEPn

t he recei gegam nthesiser 1, with the phase of one
signal shifted by 900 in relation to the phase of the other 10 signal.
Low-frequency signals fromthe output of the quadrature channels are

conduct 8d the ecevad NER siche signahis canveyeddoy receivgf B¢ whishraranlifigs gal ogue- t o-
digital coBusyed Q@napﬁ’m b@ﬂ&r@ﬁ%ﬁﬁ?é eatcejgﬁol‘{:%cbﬁﬂndl)‘ Ghe fr@éé?%éi‘fG the

signals and frequenc terln? U 7 also controls e frequency
of the osdn¢ludas digital; ﬁmg weepsiio ﬁlte@smq reseived egho gigaal Fer Wisgpiposut put from

the pul se rBfé?&‘ic]%fSUeB SgeQSRé'dbﬁﬁyéMb% Fé&B BP6 ?romttﬂ Q%%rgfl} rf&ﬂth‘é%ﬁépe RF_gate

2. After the pu uence has been led t e CPU 7
ext racts Revithithe N@%Qfmn%?olmailshiﬁﬁdbh@obnuela’tlohrt@tlwephapeméﬂmotbeloxi mate to

t he f e 0 qJmpar es t he
magni tude s@%{l n(g,yg)% lr‘%t%? eﬂaﬁ%ﬁﬁ?% ﬁ&ghtpﬁ;ggt %9%&@69 fd‘ﬂ?@%(g ae magni t ude
cor r espondionducted to heacentral ghrovessing Uit (SR ¥ edhich perfoemsi analoguastrount of t he
subst ance N t 2t ed, y ent .

t hr eshol d 03%&?%%8**19@ ?‘égfe?‘gég?%‘ﬁ%t&q\' AFOULEE % fé’%hgftﬁ%l Signalsy Ji1’B‘fobab. lity
of det ect ifrequencl filtering. al armrates. Wien the predeterm ned threshol d

magni tude i s exceeded, the CPU 7 activates an alarmsignal, which is
conveyed to an alarm nodul e B. 30 Wen searching for several types of

expl ostyesThRNOPUT alsbi controlsithé freqasncyt dfethe oscillating signal output from the

FS 1, and the signal output from the pulse programming device 3 which controls
the switching of the RF gate 2.

After the pulse sequence has been applied to the specimen, the CPU 7 extracts
20 the NQR echo signal in the preset frequency range proximate to the NQR

freguency of the substance sought to be detected, and compares the magnitude

of the extracted signal with a predetermined threshold magnitude corresponding

to that which would be expected if a requisite amount of the substance being

sought to be detected, was actually present. This threshold magnitude is set,
25 taking into account the relative probability of detection and false alarm rates.

When the predetermined threshold magnitude is exceeded, the CPU 7 activates
an alarm signal, which is conveyed to an alarm module 8.

30 When searching for several types of explosives and narcotics substances, the
above procedure is repeated for each substance sought to be detected, with the
FS 1 and probe circuit 5 being re-tuned to the frequency, corresponding to the
resonance frequency of the substance sought to be detected.



above procedure is repeated for each substance sought to be detected, with
the FS | and probe circuit 5 being re-tuned to the frequency,

correspondi mp é12s80ke resonance frequency of the substancecsaugimmo be
detected. WO 01/25809 PCT/ AUO0O/ 01214 ]Ig Now descri bi ng the net hodol ogy
associated with the preferred enbodi nent the present invention in nore
detail, the pul se sequence applied to the probe uses a nDdified version of
the SSFP seqgyenc descrj bed the formu -1 - ( dz B)O
2T whor Uy desoibing the mendRiPdy essqetst pitn the ArPTEd aRABERt

pul ses, dz | fhet piesertThesntivh iRahvRedethil ethe Pilskesediiehbé apblied Bthe prabeh dz
bei ng considerably less then -r, and the |ower 1Indices 0 and 900 show t he

phase of theUf'ﬁsa?hWtfeSlYP?éo“ ?frtbﬁt'%rf(?yseqi@“% deserbesytheformyai s a ti ni ng

di agram ofs t elgSi 9 ard i cul ar FP sequence which is adopted in
t he presefr?t gﬁ‘{) o ? 9&7 ) %)hA ?ﬁ rect angul ar shaped pul ses,

any ot her p“%ﬁéresb%ﬁ fipping angiee - lsjtﬁe'fﬂt&vaﬂbetﬁrﬁeﬁ'bﬂlrg’ﬁf plasEs,t Bg ié trrce of

the NQR echo signals received, In domai n, using t t he sequences

NPAPS, PAPS iteivalbetween the.mjss withlr( ﬁ\%nallgwbodr i)ez]g caneisigeally less thenf or t wo

{requency | s Bobeypek FHIERE S 6 87 iR hAaETRL e wiiinh Hieel Soncy

20 f2 = 5. 18fféqudrcy. These two transmit frequenci es respectively correspond
to the xi mum and m ni rum of the signal intensity when using NPAPS.
Experi mental data obtained for RDX using the device 11 at a tenperature of
23C resul t edAs mattigned.CEIG.Rds adiming diagram dfithe fvardionvof thep pariouibe SSFP0=30,

25 z=0. 8ns, dr=0.2ns 50. ,The, u of paire | ses eat e di.ti onal
echo si gnal sSeHenaR %@bmqqpé?{’ mﬁﬁﬁge%few'gsahé%a”gmﬁ@ﬂ SP¥eases
the intensit pectngulze shhedspgsed, anirother puise shape can be used.

16 FIG.3a, 3b and 3c show the trace of the NQR echo signals received, in the time
domain, using the sequences NPAPS, PAPS and

[7/2-(8-A47r-6)p —7—(0— 47 -0),, —~7/2], respectively,
for two values of the transmit frequency, where the subfigures (i) use the transmit
. frequency f, =5.1865 MHz and the subfigures (ii) use the transmit frequency
20 f,=5.1871 MHz. These two transmit frequencies respectively correspond to the
maximum and minimum of the signal intensity when using NPAPS.

Experimental data obtained for RDX using the device 11 at a temperature of
23°C resulted in sequences being used with the following parameters: 8 =30°,
25 7=08ms, 47=0.2ms, n=50,

The use of paired puises creates additional echo signals in the observation
windows of the sequence, which increases the intensity of the NQR signal. For
the example, as shown in FIG. 3c, the maximum intensity of the signal and
30 signal-to-noise ratio increases by 30% as compared with similar values when any

other sequence, PAPS, NPAPS or [r/2-6-7/2], Is used.



t he exanple, as shown in FIG 3c, the maximumintensity of the signal and
30 signal-to-noise ratio increases by 30% as conpared wth simlar val ues
when any wotolessosequence, PAPS, NPAPS or [,r/2 -0 - 02lpcTAlupsoizss used. WO.
01/ 25809 PCT/ AUOCO 01214 -16 It shoul d be noted that when m= 2n the | ast

sequence becones equi val ent to the 'NPAPS sequence. Figure 3 particularly
dem)nstratestEﬁi rovene |nthe signal -to-noise ratio 5 that is
achi eved WRhou rféﬁ:’ﬁﬁ e |as} sequenee begases equivalenita thegoo

-1 2] A anPAP®aEqskndet h the conbination of PAPS and NPAPS. Changing the
offset fromfrequency f to frequency f2, which can be caused by
tenperature effects, can cause f2to correspond to the maxi mum variation of

the si gnalF.gu?é @ﬁé&.&ulbﬂy UBMondihtid mé) reberﬁe;mrtﬁé STt o raffeen

i rradi ati ng RDX a conbi nation APS an PAPS "at  frequency f,,

maxi murf i ma;rr%a@lyeveﬁ \alaern @S}@Qj“@rﬂomhlmﬁtNFAPS wi ndows. The intensity of the
NQR signals in PAPS wndpws, i ni mal _i.n case,,and is |l ess than 40% of
15 the maxi mum (FI G V@ f% nb)?‘here’?@ e‘{t'h 90 of'g?] *yal ue of the resultant

signal abk ngfavﬁeww.mtmerbomumﬁn ¥ PeESAaf Nlbhﬁspéﬁ n%ﬁe th offset

conbi natlon where Umax is the signal a tude 1n the NPAPS
wi ndow. honinequenicy ef; ¢é fraguereyaf,t mhic:hrcaamanausad bgmmnmwrseﬁect‘sj (U is

t he anplitude of noig&). ggnse uent |y, nal - t n0|se ratio proxi mately
equal s:  SRMCepse S50 GHEeSPORd 1o} er?X"E"b'nh\’ﬁr op of the signal B@e’lﬁ%l"b d when

irradifgii Qhddwst ddg%?gﬁgp%yg%gbﬁ&sof t he PAPS and NPAPS at a frequency f2,

whi ch correspon XI'mum si gnal in the NPAPS observation w ndows.

When irradiating RDX with a combination of PAPS and NPAPS at frequency f,,

maximum intensity is achieved only in NPAPS windows. The intensity of the
NQR signals in PAPS windows is minimal in this case and is less than 40% of
15 the maximum (FIG. 3a and 3b). Therefore the total value of the resultant signal
after accumulation from 2n windows of the PAPS and NPAPS combination

equals 1.4nU_,,,

where U, is the signal amplitude in the NPAPS window.

20 The value of noise after 2n accumulations equals:

\/E;U“ (U, is the amplitude of noise).

Consequently, signal-to-noise ratio approximately equals:

o L),

U,

25
The same signal-to-noise ratio can be achieved when irradiating by the
combination of the PAPS and NPAPS at a frequency f,, which corresponds to
the maximum signal in the NPAPS observation windows.



WO 01/ 25809 PCT/ AUOQO 01214 -17 Now regard will be nmade to the operation of
t he enbodi nent when using the pulse sequence: [z/2-(B-dz-0)0 -z-(B-dz-B)90
-z/2Jn, at veQoMs8odf r equency f, or f2 , as shown in FIG PcCI/ATode12140i S
case, in every second w ndow of the seqq‘?ce (for exanple all the even

n

wi ndows), a nmaxi mum signal is observed,” dnd in the other w ndows (odd

w ndows) a mni num Si i s observed. The value o he maxi num,si gnal
equals 1.3 E',Ngwamga{c}]%lﬁh?dgatﬁq ?q h'ée Pr??f?R‘EI’thh?nﬁ"I“LQ nant wien ysing the ({ e
val ue of 10plilseséquénces defined earlier). The noise value is simlar to
that of the previous exanﬁ‘gl e. The signal-to-noise ratio obtained as a

f

resul t of accunul ations flFé6&T Gr4F nddws* dGuarsis-2/R21Y, ,,,,, U
Consequent |y, t_r].’e ligse of thewgi ven sequence_increases the signal-noise
ratio, chara@tefNeEireguenty LePlsfz i 3% BRPWI ItF@. 3%t hod, by Jtines as conpared
with the gAPS and NPAPS conbination. 20 FIGS. 4a and 4b denonstrate the
dependence of the resultant signal with respect to frequency, after the
addi ng up of Imthis epsei dnevery senend windomcef the sequénce (foreayamply ab tiieseverof t he

sequence) . aindoly a Rt dadel § Bbevad!dhel i dpe bibel DinqRL Tadd e nce
used in the windows) raedninimamalisignal )is absepedt iThel yalue\of dhe raaxiseen signak use

: -(B,dz-B)0 z-(B-dz-B) 90 z/2] R,
of the sequere]agals 1[37'(/1,,,2,x gﬁd Ze ngIue gf tﬂ'ne n’%im m sigﬁa? Aquals 0.7U_,, (the value of

10 U, is as defined earlier).

The noise value is similar to that of the previous example.

The signal-to-noise ratio obtained as a result of accumulations from 2n windows
equals:

15 2n ﬂ“—)
U

Consequently, the use of the given sequence increases the signal-noise ratio,

characterising the sensitivity of the method, by /2 times as compared with the
PAPS and NPAPS combination.

20
FIGS. 4a and 4b demonstrate the dependence of the resultant signal with
respect to frequency, after the adding up of all windows of the sequence from the
frequency offset of the sequences:

0] [ =7 =6 —71,[0 —7 =0, —7], (the PAPS and NPAPS sequence); and

25 (i) [¢/2-(6~A47~-8), -t—(0-4r-0),, —7/2], (the sequence used in the

preferred embodiment); respectively.

As can be seen, the use of the sequence:
[¢/72-(-4r-8) ~t~-(0—-A7-0),, —7/2],,

90"



WO 01/ 25809 PCT/ AUO0O/ 01214 -18 in contrast to the conbination of the PAPS
and NPAPS, conpletely excludes intensity variations, attributable to

t enper at wwe ogessest her variations, with the period 1/r. PETIAUOHNIR2MM d be
appreciated that the use of a nodified SSFP sequence with paired pulses,

I n accordance with the present enbodi freht, in conjunction with the

anal ysi ng met hod which includes: _ addi up .Si s of all w ndows of the
sequence iif COREAY; 9, combinationof q‘?%rf&?%rq%gtmggs%f cqrngle}eé\gg}(%]g S summed
signal , angeASty virdtibrd, atttiblitaBieitd ferfiperttiffe bPothkEVariations; WathtRé! pariatnal  whi ch

di scrimnates tthe sanple signal from other conponents; also allows

cancel | atildn. of both probe ringi ng and nmagnet o-acoustical ringing.

Mor eover, the frequency of the probe ringi ng and magnet o- acousti cal ringing
15 coincides with the transmt frequency of RF pulses of the nulti-pulse
sequenc®. It Shmuldpeiapprecidted that the use of azmerdifiad $§Eat§éﬁé§n®fwﬁméa'§ﬁ§huence

pul ses: [ el 2L With- e Z i i ctibn kiith &g ative to
t he reson r'ilt?:see%f H@&Sgél@?pcé}'k%eﬁe%r E?e%tgﬁtee bigncﬁ?(t)' ﬁ‘S| g lgff arr\ld ringing after
t he Four i enatysingghethodwhigh io¢ludeéss- resul t ant signal are 20 separated in the

frequency domai_n.b of VA A igital filtering

means with a°f F‘gﬂ'ﬂﬁr‘r@ ?%%éﬁilt%ﬁbﬁg? ofttsﬂg%leég(gr}c tﬁﬁgﬁéwﬁ@%{'gequenci es of

]'Ehe conponeni s Felriéttearsforgiation epihetresuttanbsuromed signalijandn of t he ringi ng
romthe signal. 25 FI G5 shows fhe Fourier-spectrum of the Fourier

transf 8 med i gigiteal ﬁ’H@E‘PWEﬁﬁ‘ef %‘@ﬂe[ '@“Ré‘-‘("@@ ﬁﬁ@fgﬁ&%ﬁ?&?‘?@ﬁs k}"f’ t he

sequence: [z/ ZSé&pﬁzsi%aé]fmniotﬁQr&ﬁn&&nts;r/2] n, and obtained after adding

up all signals fromthe observation wi ndows. In t{%e cug}res?nt I nstance, the

echo si gnaisqaliowsganceliationvé BothRsabe ERQIRg ABF Madne i §e9'd%ce RDX at a
transmt frequency 5.1865 MHz and a tenperature of 23.

Moreover, the frequency of the probe ringing and magneto-acoustical ringing
15 coincides with the transmit frequency of RF pulses of the multi-pulse sequence.

The optimum offset of the transmit frequency of the sequence pulses:

[z/2-(0-41-0), —7—(0-A4r-8) 4 —7/2],,

is several kHz relative to the resonance frequency. Therefore, the NQR echo

signal and ringing after the Fourier transformation of the resultant signal are
20 separated in the frequency domain by the offset value. Thus the use of the digital

filtering means with a frequency bandwidth that is higher than the frequencies of

the components of the ringing spectrum, allows exclusion of the ringing from the

signal.

25 FIG.5 shows the Fourler-spectrum of the Fourier transformed signal received
from the NQR echo signal, excited by the sequence:
[z/2-(0-47-08), —7—(0—A7~0)y -7/2],,
and obtained after adding up all signals from the observation windows. In the
present instance, the echo signal used was received from detection of the
30 substance RDX at a transmit frequency 5.1865 MHz and a temperature of 23°.
The parameters of the sequence coincide with those observed for the received
echo signal presented in FIG. 3c(i). Peaks of the ringing signals correspond to



The paraneters of the sequence coincide with those observed for the
received echo signal presented in FIG 3c(i). Peaks of the ringing signals
correspond wo oiA3s6»1/ 25809 PCT/ AU0O0/ 01214 -19 zero frequde@AUgOR2Ke Fouri er
transforned signal, and the peak of thﬁé\l@? echo signal is shifted by the -
of fset frequency of 6.5 kHz FIG6 shows” the Fourier-spectrum of the

obt ai ned Fourier transf nal , 5 shown n FIL.G 5 af I tal
filtering. PRE fregusncy '? H@Bﬁ@?ﬂﬁ‘ﬂ S'QHE gnd the pe%ﬁ?féﬁg "@3‘89?&0 The
spectrumin s@@@ﬁm@bﬁhg oﬁggtr g{uehéynaﬁé 8kped signal for only the NQR

echo signal, wWith ringing conpletely cancelled. The discrimnated NQR echo
signal is then conpared with the reference value for RDX at a tenperature

of 23C, whi ghgie sRES the %ﬁﬂéﬂéﬂ&trhﬁ\l bhmé Sﬁ'élrfeﬁci:édﬂé?/tfa%ﬁﬁmeé%@ﬁl ection

probability ratio e success of nmbodi ment using the given sequence

ari ses framshawn inoFiGe\i ager @E)fah/ﬂtﬂﬁm%é' he lewenrut-gft gaeensy of thedliiterr om t he
resonance f rt{i@ Irlfdb HS. THe st uRER) F’l@c@gﬁ&ﬂ% H‘@ﬂ‘dur@‘ tﬁﬁ%ﬁh@{j‘%{gﬁaﬁo‘}ed S

and ot her variation nechani sns decrease I n ntensity of
the regi stemﬂy megN@R ¢ghossignal, wwsenglag|c@mm¢tawmcelbdeffhp@mate@r by
the increas S [ O S b) As
the total sﬁ\éﬁgl L‘JT:@ E@ng?sté V\%mé%%d Ml ?zhlenrggf;rgﬁ e&ggéc#nul at |antgé all of
20 the si gnetempefatwrbeowzm;/vsvhmh uﬁmremjuemmdmgaﬂou the gegquired itnuedalset y

arising o not affect the net result. (c) The use of
: pi‘J f{i' Sa}:letéc!tl goﬁgggﬂ?}gtlg :

paired es cf I'onal echo signals in the ohservation w ndows,
which increases the intensity of the observed signal and the signal-

210120 U YRR vl ARSBHT A R sBRR b te D g

att enuat es tfblowihg:ect of magnet o-acoustic ringing, whi ch is normal ly
produced by netal and other
(a) When the transmit frequency offset from the resonance frequency is

15 changed uncontrollably by temperature effects and other intensity variation
mechanisms, the decrease in the intensity of the registered signal in some
observation windows is compensated for by the increase of the intensity of
the signal in the other windows.

(b) As the total signal is processed, which is obtained after accumulating all of
20 the signals of the windows in the sequence, variations in intensity arising in a
single window do not affect the net resuit.

(c) The use of paired pulses create additional echo signals in the observation
windows, which increases the intensity of the observed signal and the signal-
to-noise ratio, which in tum determines the sensitivity of the detection

25 method.

A particular advantage of the present embodiment is that it attenuates the effect
of magneto-acoustic ringing, which is normally produced by metal and other
certain materials within the RF field. The invention achieves this by basically
30 recognising the difference in decay time between magneto-acoustic interference
and the NQR echo signal. Moreover, the NQR echo signal derived from the
incident RF pulse sequence arrives after the magneto-acoustic signal has



certain materials within the RF field. The invention achieves this by
basically 30 recognising the difference in decay tine between

magnet o- awouwaRssns | nterference and the NQR echo signal .POVINUSOORI4 t he NOR:
echo signal derived fromthe incidenj RF pulse sequence arrives after the
magnet o- acousti ¢ signal has WO 01/ 7.5809 PCI/ AUOCO 01214 -20 conpletely

di ssi pat ed, thereby per t NQR det ect i in the absence of '
magnet o- aceRRletely; Hlsétpﬁgde n‘b@'%byt PEIRUING N)(gaaﬂﬁﬁg@l"aifb e @ReeRgse ok cope of

t he presenfahinteacbadtic ifiteffefericem ted to 5 the particul ar embodi ment
described herein. In particular, the inventionis not limted to the use
of nucl ear quadrupol e resonance detecting techniques, but is also

appl i cabl g¢ Eﬁodlé“ﬁemybr&ﬁa@&%&%e SBEHRLH the PREEARMVENtILH i§ Hot ajté@sdni ques.
In this respect isnot [imtedto those substances contai nin

quadr up5| dhe pasticular, emboginent desrribed \hafeinoin partisdlabtthe lewntiais inekbl e to
al | Figr,

det ectl on fgsiféda%stpg%gsdﬂr{t% l%'(-jqurJ] &gﬁg&dg&ﬂaﬁg rupoq {éﬁhﬁﬁd?é %L&ﬁt may be
equal | y api$o epplicabledtotthe usetCé@uclgar megneticoresananse detenting rtectmmeser

01/ 25600 L1E REARATRMIR I, o it Mhpee pogtpret cbnjalgrS abedRpie oy are

AS FOLLO/Bwleishowevesdthecinventioads inagethejase sapplicalle ¢l tNiviBamaierialss peci men,
compri %ngFurtHeFrtﬁg'hﬁ\tn%rﬂgB .Qg«epuﬁ,psa t&ﬁh{‘ﬁéﬁ@ﬁdr{*ﬁ#“su&téﬁ@e&ﬁ auéiﬁg%F“ bed

substance 1s" sou Se”sequence conpri sing
plurality afd €l nuadmpplamwcbl,rbut h'ea)pbessqteﬁmappmablmtd tlwedetpatlcms obf puI ses

oF et L U R o S REHRBBREplBal G 1 pvce 2 1yl Tty

present; and anal ysing the echo signals to detect the presence. of the
prescribed substance.



10 2. A nmethod as clained in clﬂumm Hmﬁ ' he pul se sequence is a

nodi fied steady state free pr " lmnmquence consi sting of paired
pul ses, eaaoipaswed pul se of sdid®pul sd séquence bei ng PETAbGNV/EZIAE
duration, paired pulse separation and,predeterm ned frequency, and the
phase of each even paired pul se of sai“d pul se sequence being shifted 90

Wth respect to each 15 odd paired pul se of said pul se sequence, and

wher ein each pul sgplcisaiMs DERINIRG PHEIRVERTRINWRE ASTOIIWS  dufation and
pul se separation THSI sal parr purse. 3. method as cltainmed in claim

2, wherein said pul se separation inside said paired pulses is much |ess
t han sai d péi r Adngthbd éorsietenting aqpresnribed enbstadceniai epspecimem goswridingai r ed
pul ses. 4. A method as clained in any one of the preceding clainms, wherein

ad; acent pul seeaging T AIIELGH §nterl H WhicH aPihsShell bibggish ©

-r | (9-dr-O 90hs¢ug1i Rp 5 detetted; ewith aan]?nise $equgnes cpipasingga cpiuralitysef

br eacr | b&d subGUEEE e fid 56 86dutoo hiiddstrd o ByBLE bilses Fomt ety . ¢ |
$| PCT/ Auag/Ol_Zﬁmse; ibgza.pre&ribed phasedhiftdo cplr@ducieca ?lur:ﬂityéofmel(e;:‘: l)'etsbﬁftpsr(raeecedi ng
geglugflé:e. g_rela\e%q ﬁgﬁﬁghﬁ%ﬁ'gﬁsﬁﬁﬁe# %8%%@%eﬁ(%é§#&l ?/escri bgd subst ance
in a specinen conprising: 5 transmitting a nulti-pul se sequence at a
transmt frequenalysing ther echatsignatsidbedetent dhe mresense. ohdhewpnescribed t hi n a
set terrperaturg%tgsq&%%; recei ving and anal ysi ng nucl ear resonance echo

signal s i ssued™by any resonant nuclei within said specinen irradi ated by

said mul ti-pul se sequence to detect the presence of the prescribed
subst and® i E t Aemethodiasegiaimed in claim 1, wherein the pulse sequence is a modified

steady state free precession pulse sequence consisting of paired pulses,
each paired pulse of said pulse sequence being of the same duration, paired
pulse separation and predetermined frequency, and the phase of each even
paired pulse of said pulse sequence being shifted 90° with respect to each

15 odd paired pulse of said pulse seduence, and wherein each pulse of said
paired pulse is of the same phase, duration and pulse separation inside said
paired pulse.

3. A method as claimed in claim 2, wherein said pulse separation inside said
paired pulses is much less than said paired pulse separation between
20 neighbouring said paired pulses.

4. A method as claimed in any one of the preceding claims, wherein the pulse
sequence is constructed with pairs of pulses with phases of adjacent pulse
pairs offset by 90° of the type:

[¢/2-(0-47-0)y —7—(6 - 47 -0),, —7/2],,

25 and the transmit frequency having an offset relative to the resonant
frequency of an irradiated nuclei of the prescribed substance.



10 said multi-pul se sequence d pulses with phases of

adj acent pul se pairs offset“mmm"ﬂmﬂlm”m J z/2-(B-dr-0 00

-z-(9-dr-9%o0025309 2] ,,; said trahsmt »frequency havi ng aaravbmmEzi4i n .

relation to the predeterm ned resonark:‘g frequency of irradiated nuclei of
na

the prescribed substance; and 15 said | ysi ng invol ves perform ng a
Fourier transf,or th e| ved ear nce echo si

regi steri n%norﬁ ';T/‘nh‘?gsaes cg%r éﬁ‘@ﬁépgef’ghﬁqﬁw‘ﬁﬁq pinS, W QF‘?"E)?\?B f?er ange
cor respondr ng sbquénte is amgm&quém@qagmgmgé s@fuericer adi at ed nuclei of said
prescri bed substance In the set tenperature range and then conparing the

regi stered _echo h,set, reference yal ues 2 orre ndJn to said
prescri bed SU& i§r YJ%&%‘?'HP e HEsHNe 04 Q prﬁecg@ le"a ce is

present or noepecrlmenlcdnmsmgrre_n. 7. A nethod as clai rred in claimé6,
i ncl udi ng receiving said nucl ear resonance echo signals in all observation

ad] acent® put s apan ity 37 REENTRS Sequsitel B 8° FbdHln dbdafi 1 EkdiBel; e "
i nterval s i n eaaclki niaspecinen thibtewith, within @set temperatuseeangand subj ecting sai d
resultant signal to said Fourier transform to distinguish the nuclear

1115111 VBB a0y ARy, GBbaRhEBRRT Brby SOt b 0%tk | o en
in said speci nasenantomghei alitbincsaill spacigen h:rardra@ by saig mudii-plilse saquencen
separation i i HEBOIER gRébefiod bR pichefp B Rididogln i SHeReed "5 Foo pul se

separation between 5 neighbouring said paired pulses. 9. A nethod for
detectity a saardtrwltmumetsmnememmsmg reiedasilsesyvitnphaseaof edjacent such as

t hose t hat ma¥m§8§ @+8ff§et ﬁ%,typ?»QKor 31 C nucleus in a speci rrerl t he

nmet hod enpl oyfn ear ésonance and

[v/2=(6—Ar—0), -7~ (8- Ar-6), ~7/2),;

said transmit frequency having an offset in relation to the predetermined
resonance frequency of irradiated nuclei of the prescribed substance; and

15  said analysing involves performing a Fourier transform on the received
nuclear resonance echo signals, registering only those echo signals falling
within a narrow band range corresponding to the resonance frequencies of
irradiated nuclei of said prescribed substance in the set temperature range,
and then comparing the registered echo signals with set reference values

20 corresponding to said prescribed substance to determine whether said
prescribed substance is present or not in said specimen.

7. A method as claimed in claim 6, including receiving said nuclear resonance
echo signals in all observation windows of a multi-pulse sequence,
corresponding to time intervals between adjacent pulse pairs, and said

25 analysing includes summing said time intervals in each window to obtain a
resultant signal and subjecting said resultant signal to said Fourier transform
to distinguish the nuclear resonance echo signal issued by any prescribed



conprising the steps of. 10 (a) ge ed steady state free
precessi on RF pul se sequence, sai Hlﬂ”ﬂlﬂm ce consi sting of paired
pul ses, eactWwomakssesl pul se of said sequemce sbekng of tiweseomwizaration,
pai red pul se separation and predeterm ned frequency, and the phase of each
even paired pulse of said RF pul se seqa%nce being shifted 90 with respect
to each odd 15 paired pul se of said RF pul se sequence, wherein each pul se
of said pai recﬁ'-{béta@ée|R!'eﬁﬁ"tt'ﬁes%rﬁéegﬁ@@efm'ﬂuwépﬁ(ﬁﬂdaﬁﬂowps@gﬂ&)&yat i on

inside said pajif&dnéed M¥requBicy.ransm tting said RF pul se sequence to a
probe; (c) |rrad| at1ng the 'speci nen W|th said RF pul se sequence transmtted

to said 20 probe at. said stea é&i det ect | ng gucl ear dru.gol e
resonance echo Angt hed ag Slalmed | a("éCﬁ °b71 wherely Saidnylsers r%tg’“s' Sd€nce _
transmtted to s"‘a?dﬁa?éd) QIst is MUBRNES thhR shfdrﬁéi#eatbu?& S&raraarbofeent said
step (c); (e) summ ng all said nucl ear quadrupol e resonance echo signals to

generate 525 a m@@moalanesglidgmed PUIsESsubj ecting sai d resultant signal to a
Fourier transform (g) generating a Fourier transformed signal as a result

Of sai d Fourgerp hemhagf ﬁfrnaetédtifip,lbléasstéﬂcbl%mlélclalss 16 lexfbéNds?ahd9 * C L
N S * PCT/ AU00101214 - 24- requency filtering, said Four| er transforned

signal ; (i) conjRieeties, aicé\%@psemaémwmeuea T E B et Ghnecledsi® (h) to

a predetermne u iltered
si gnal exceeds ésjal %Epr ed(e}tﬁgmgﬁig rge ﬁgﬁcébélgéﬂnggnliuhﬁg. m%gﬁai%n%{‘ﬁod as
cl ai med in cl ai cnréprisigetheistepsaifd pul se separation inside said

10 (a) generating a modified steady state free precession RF pulse sequence,
said RF pulse sequence consisting of paired pulses, each paired pulse of
said RF sequence being of the same duration, paired pulse separation
and predetermined frequency, and the phase of each even paired pulse
of said RF pulse sequence being shifted 90° with respect to each odd

15 paired pulse of said RF pulse sequence, wherein each pulse of said
paired pulse is of the same phase, duration and pulse separation inside
said paired pulse;

(b) transmitting said RF pulse sequence to a probe;

(c) irradiating the specimen with said RF pulse sequence transmitted to said
20 probe at said step (b); |

(d) detecting nuclear quadrupole resonance echo signals between paired
pulses of said RF puise sequence transmitted to said probe in response
to irradiating the specimen at said step (c);

(e) summing all said nuclear quadrupole resonance echo signals to generate
25 a resultant signal;

(f) subjecting said resultant signal to a Fourier transform;

(g) generating a Fourier transformed signal as a result of said Fourier
transform;



pai red pul ses is much | ess t ul se separation between
nei ghbouri ng sai d paired puI @l ﬁﬂw' F as claimed in claim9 or 10,
wher ei n t%&ﬁ\g@gt frequency of ¢s ered si gnai,c.lllglm}a%‘; 0.5-1.0-

kHz. 12. A nethod as clainmed in any one of clains 9 to 11 erein said
predeterm ned frequency of said RF puBd4e sequence is set near to a nuclear
quadr upol e resonance frequency of a quadrupol ar nucl eus, such as 14N "d ,,
39K or "d, i(h) frequersylfttedmysaid Fobrerdensformed sighiall3. A nethod as clainmed in
any one of clainms 9 to 12, wherein said substance to be detected conprises
an expl osive @r - COt] Gl Nel a h s cl ai ned
I n any one of(acfg}?ﬁéﬁ@otdocsi%?vw ?@lg‘rj] gfztaél}ld%g%t') zsiart]cgélé S@QW@Q g%t%d

conpri ses an expredsteroined referente magnitudedamdy a 31C1 nucl eus. 15. A net hod
as clainmed in any one of clainms 9 to 12, wherein said substance to 20 be

detected co [ us. 16. A
net hod as CFHP §i§ﬁ ﬂﬁba%g%%@ao e%P%$§d&d§§ghﬁeﬁ?@'§a%fsuﬁéfance to
be det e8ted conpragpiddesn expl osi ve or narcotic including a39K nucl eus. 17.
An apparatus for detecting the presence of a prescribed substance in a
speci en cmt skl ad belrhed I b puidd 3 PheRE80% * CL MS
* PCT/ AU00/ 01214 - 25- genécr}at %%gﬂ%ﬁ%;%% éené# at eéﬂarﬁ(ﬂf se E’g uence

conpri si ng a RAigdapulees ¢§ mysh less, thanesaid paired rpd:s%@eaar@yemud@twem udes
pairs of puI HoLRRY shild3rEdplise®t her by a prescribed phase shift;

i rradiating rreans to éirsr'agmat eﬁt ﬁg nucl ei of a specinmen in which t he
presence 5 of a prescribed substance is sought to be detected, with said

pul se seqh"erﬁ*:g‘et%a%ﬁlé!’?%q Relaigp® or {18, whm@edﬂweﬁémugnw @iy oduced

in theqgpeci m&gréarg,g“aﬂqsaéb@w@gal 8% W th said pul se sequence to detect the
presence of the

12. A method as claimed in any one of claims 9 to 11, wherein said
predetermined frequency of said RF pulse sequence is set near to a nuclear

quadrupole resonance frequency of a quadrupolar nucleus, such as “»N,
%ci, *Kor ¥Cl, in said substance to be detected.

15 13. A method as claimed in any one of claims 9 to 12, wherein said substance to

be detected comprises an explosive or a narcotic including a N nucleus.

14. A method as claimed in any one of claims 9 to 12, wherein said substance to

be detected comprises an explosive or narcotic including a *C! nucleus.

15. A method as claimed in any one of claims 9 fo 12, wherein said substance to

20 be detected comprises an explosive or harcotic including a *CI nucleus.

16. A method as claimed in any one of claims 9 to 12, wherein said substance to
be detected comprises an explosive or narcotic including a ¥ X nucleus.

17. An apparatus for detecting the presence of a prescribed substance in a
specimen comprising:



prescri bed substance; 1 'i se sequence is of type that is
capabl e of producing a ﬁ“}“ﬁl]ﬂll“"‘ﬂ"%l ear resonance echo signals from
the prescriveeduseldst ance? if predent 1tn the specinen. 1@crAvosmpss at us for
detecting the presence of a prescribed substance in a specinmen conprising:

15 multi-pul se sequence generating medr® "t o generate a multi-pul se sequence
conprising paired pul ses with phases of adjacent pul se pairs offset by 90

of the type: peneraing Heanpdo canemie A PUlsE FeRHERRE CAMPHiEing @ plualifyjof

mul ti-pul se segyRes aviidreid thé aa@ais&?ué{éefiﬁ _ rs®f bEREs bisdt¥omt ba¢h L0 the
predeterm ned resonant frequency of irradiated nuclei of a prescribed

subst ance to pBeERY @ riesgibed phaseslit; acconmodate any intensity variation
mechani snms; receiving neans to receive nucl ear resonance echo signals

i ssued by any jrfididtitg médnd 1B igadisteRE ALBRIof  §FstirAé® th Which Bidipiddbhde pul se
sequence;_25 anal ysing neans to anal yse said received resonance echo

d
signals anhd eS8t #hIAreseriked: shstance i spughti i ber dstactads Wikl 17214 i RisR

i ndi cate the gpQseeearf said prescribed substance in said specinmen; and
WO OU25809 PCTI AUO0O/ 01214 -26 alarmneans to issue an alarmin response to
sai d anal ysing neans establi shlyrslg t hat  sone Pf sai d recei ved .nucl ear

resonance echo2BRYHBY Meansdp analyse aBY Hehe signaisprocuesd 19t SPEFRENSGhst ance

in said speci NfRidiatiNgesfthd with Jaiad SUISES SBGudriREOlov 8steSIUIRE Prdsahde Bflkkk nucl ear
resonance echo 5 signals to generate a resultant signal, performng a
Fourier transf 8repcoRedsyhstancdsul t ant resonance signal, registering only
those signals failing wthin a narrow band range corresponding to the

resonance f r equdeggie theopulse sétflioate & ofituse that Bf capablé dilpRsducingesplardlist ance in
the set tenperature range, and Lhen ] i '
of nuclear resonance echo signals from the prescribed substance, if present

in the specimen.

18. An apparatus for detecting the presence of a prescribed substance in a
specimen comprising:

15 multi-pulse sequence generating means to generate a multi-puise sequence
comprising paired pulses with phases of adjacent pulse pairs offset by 90° of
the type:

[2/2-@~Ac—6), ~7~(6-4r~8),, ~7/2],;

transmitting means to transmit said multi-pulse sequence at a transmit

20 frequency offset in relation to the predetermined resonant frequency of

- irradiated nuclei of a prescribed substance to permeate a specimen and
accommodate any intensity variation mechanisms;

receiving means to receive nuclear resonance echo signals issued by any
nuclei within said specimen irradiated by said multi-pulse sequence;

25 analysing means to analyse said received resonance echo signais and
establish whether any of received resonance echo signals indicate the
presence of said prescribed substance in said specimen; and



conparing the registered signals with said set reference values 10
corresponding to said prescribed substance to determ ne whether said
prescribedygihsi@sce is present or not in said speci mn-rcﬁkm@fuﬂﬁ hod f or
detecting a prescribed substance in a specinen substantially "as herein
described with reference to the acconmp2®yi ng drawi ngs as appropriate. 15
20. An apparatus for detecting the presence of a prescribed substance in a.
speci nen substalaim ahéansato lissuei andalami ineresponde tefsaid analysingt means

accofpanyl ng dés?gglig%gatﬁafjl REM&Pof géig 'relcéilvzla Inlucllelall' Irtleslong%élechclalsligljnallsl T

CLMS
indicate the presence of said prescribed substance in said specimen;

*

wherein said analysing involves summing .all said nuclear resonance echo

5 signals to generate a resultant signal, performing a Fourier transform on said

resultant resonance signal, registering only those signals falling within a

narrow band range corresponding to the resonance frequencies of irradiated

nuclei of said prescribed substance in the set temperature range, and then

comparing the registered signals with said set reference values

10 corresponding to said prescribed substance to determine whether said
prescribed substance is present or not in said specimen.

19. A method for detecting a prescribed substance in a specimen substantially
as herein described with reference to the accompanying drawings as
appropriate.

15 20. An apparatus for detecting the presence of a prescribed substance in a
specimen substantially as herein described with reference to the

accompanying drawings as appropriate.
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