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Electromagnetic detectors often use one or more coils to detect a change in magnetic flux
over time. A change in the ambient magnetic field inducts a voltage in the coil or coils
proportional to the change of the magnetic field over time. As a result, a slow travelling
ferromagnetic object may not generate enough voltage in the coils to generate a detection event.
25 Magnetometers—which determine a change in magnetic flux by measuring the
instantaneous flux over time—are not object-speed dependent. Magnetometers, therefore, can
detect any object causing a change in the electromagnetic field regardless of object speed.
Magnetometers, however, can be subject to false alarms. Therefore, appropriate methods must be
used for noise cancellation, signal processing, and shielding of ambient magnetic fields.
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pass filter is a boxcar filter that provides a smoothed magnitude of the data stream. The smoothed
25  magnitude is compared to a set of upper and lower detection limits and then passed through the
fourth low pass filter to determine the length of a passage event. If a passage event has occurred,
a counter of the display umit is incremented and a time of passage is recorded. Because a single
object may produce multiple detections or detection events, the detector may be locked-out for a
predetermined period of time after the passage event to prevent a second detection of the same
30  object as it passes the detector. A Bayesian lockout estimator is preferred for this purpose.
A better understanding of the invention will be obtained from the following detailed
description of the preferred embodiments taken in conjunction with the drawings and the attached

claims.



A better understanding of the invention will be obtained fromthe foll ow ng
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battery icon displays battery life if the detector is battery-powered.

FIG. 4 is another front view of the display panel of FIG. 1 indicating that the detector is
hard wired to an AC/DC power source (e.g., 24V power source) and the batteries are not in use.
Visual indicators are provided to display statistics such as the number of objects that have been

25  detected, time since detection of any object in the history, and time elapsed since reset.

FIG. 5 is an isometric view of the display insert illustrated in FIG. 2. The display panel
and digital display is located at the upper end of the assembly. Symmetrical slots are provided
about the periphery of the insert body to retain the insert in the display housing and to ensure
correct orientation of the display and provide adequate internal wiring access.

30 FIG. 6 is a rear isometric view of the detector illustrated in FIG. 1 with the rear cap
removed from the display housing. Because the batteries engage spring-loaded contacts within

the display unit, all electrical contact with the batteries is broken prior to the rear cap being



about the periphery of the insert body to retain the insert in the display
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FIG 12 is a fFiGwdhar& 108 11h;stsatgati&kna1:¢rembe&memgoﬁihg@fnsbﬁﬂmrdrmlmm]t’Edo by the
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of the ou?h@gﬁrﬂ E@&gg%ﬁ&ﬁsﬁo%v&fméﬁgfeg&gorl thmillustrated in FIG 12. FIG
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of thegal gREdchRi f!)ﬂﬁ&creéir%Qat'a Rolfebfsn ‘gr)?-an n-D array of sensors. The detection scheme is
an adaptive thresholding algorithm utilizing a real-time noise estimate for the sensor or sensors.
FIG. 13 is a flowchart of the outlier removal step of the algorithm illustrated in FIG. 12.
FIG. 14 is a flowchart of the baseline estimation step of the algorithm illustrated in FIG.
12.
25 FIG. 15 is a flowchart of the noise estimation step of the algorithm illustrated in FIG 12.
FIG. 16 is a flowchart of the boxcar or input smoothing step of the algorithm illustrated in
FIG. 12.
FIG. 17 is a flowchart of the detector step of the algorithm illustrated in FIG. 12.
FIG. 18 is a flowchart of the time discriminator step of the algorithm illustrated in FIG.
30 12
FIG. 19 is a flowchart of the Bayesian lockout step of the algorithm illustrated in FIG. 12,



FIG 16 is a flowhart of the boxcar or input snoothing step of the
algorithmillustrated in FIG 12. FIG 17 is a flowhart of the detector
step of twealogssioohmillustrated in FIG 12. FIG 18 i eCca/udshawobsst of the
time discrimnator step of the algorithmillustrated in FIG 12. FIG 19 is
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provi des the a position magnetoneter sensor maxi mum
det ect i onomg_tptg;hmqutyéll of base 40 each receive a shackle pin 43 and an end of chain 47. Chain 47,

20  along with turnbuckle 45, is used to secure base 40 in a desired location on pipeline section P.
The above adjustability feature of detector 10 provides the ability to position magnetometer
sensor 60 for maximum detection capability.

Located at the upper end 37 of conduit assembly section 30 is a display housing 90.
Display housing 90 is preferably detachably secured to conduit assembly section 30. Display

25  housing 90 receives a display insert 70 that provides various indicators and statistics (see text
below discussing FIGS. 3 to 5). Symmetrical slots 74 located on the periphery of the insert body
72 ensure the correct orientation of the display 71 and provide necessary wiring access. A front
cap 91 of display housing 90 provides a window for the digital display 71 of display insert 70.

Conduit assembly section 30 is located at the upper end 21 of sensor housing 20. The

30  conduit assembly section 30 includes a tee fitting 35 for connecting detector 10 to a field wiring
conduit box 33. Conduit box 33 may include wiring for placing detector 10 in communication
with an AC/DC power supply, for hardwiring detector 10 to a control room, or for providing
wiring to a remote display insert 70. A fill plug 31 may also be provided to add packing, filler,

potting compound or sealant.
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obj ect histo as | ndicated cators seco magnetic reed
swi tch 89%&%%6@9@ boldpse®5 mgvhlqbl tb@bvétynq; Wtresms #l rsweﬁ &Y el énferior e the | ng

di ode 29 ndiigAdyahRrtde. tsBrihdIhdealeBntMACH bR WRRENE ﬁ%ﬁo% SEdafd: o
Li ght -em ttﬁ?%lyq di ode |9rr11 cators 87A andw8 B |ight 1SIH§YS when rgedgasvvl tl(E: hes 89A

and 89B afigal teunii ghkated, Pafl'e%‘b%t@?t\ﬁé|aylserA§1tmqa%@t: Feéf%'ﬂ’ ?3n°de|‘~°®BY hgusgng20, di spl ay
unit 70 pra@b@rpakd 4 isnGhdddSey Froaa it @o¥addsdd B ard the retreating rear cap 93. The

connection between the spring-loaded contacts and battery pack 94 is, therefore, broken prior to
rear cap 93 being completely removed from housing 90. This feature provides for use of detector

25 10 in explosion-proof zones. An insulating pad 99 is provided between the proximal end of
battery pack 94 and rear cap 93.

Referring now to FIGS. 8 to 11B, sensor housing 20 houses a sensor board 50. A
microcontroller 51 on the sensor board 50 receives data collected by magnetometer sensor 60 and
runs detection algorithm 100 (see FIG. 12) to determine whether a passage event has occurred.

30 Microcontroller 51, which is of a type well known in the art, is in communication with the display
unit 70 or other systems by way of a communication interface 55. In a preferred embodiment,
interface 55 1s a RS485 interface. Board 50 also includes an oscillator 53 made up of a

comparator, an analog switch array and an AND gate array.



cradl e/ battery holder 95 in which the batteries 97 resides is received by
an interior space of the display insert 70. Spring-loaded contacts (not
shown) wiwbi2niodi3sqebay i nsert 70 urge agai nst the di stal pemaisediooaissery pack
94 so that as a user unthreads the rear cap 93 of display housing 90,
battery pack 94 is urged away fromthe contacts and toward the retreating
rear cap 93. tion befween the spring-loaded contacts and pattery
pack 94 is, t%?eé‘?’g?(g,%%%rug %E%D‘rﬁﬁgps ]{)’oorrnelgrm%gﬁ%]@@gnﬁgmﬁr el g‘?é’ﬂ'ﬁgrem)ved
f r om housmaydigr in Phiprdation atlafive tpers\anotbs, feparativgof Gfe intitided emsdt @leivants, or

expl osi onpd; 0QYind N8 SricARid B SUI ;AL 9,1 ovi ded. bet ween t

proxi mal end of atterfég%délg’ %iﬁ%’slrt]rgtg? gﬁﬁ%aéi‘gf%ra\é rrgffrﬁ%é‘ﬁo% IP%IQ%GS. 8
to HB, sestsers fousiusegd Senshsfedither enameayrorisuiatioh 10 thaparpiofed comtbe @bddgpr 5 1 on
the sepsof, AU fctof GRIYE SsiftAlotheGBick tc?r‘delfg% meter sensor 60 and
runs det eél%i on al go? iot %m lsOOSI(seec_FI é %(%2 to det ?i?nﬁ%é whet her a passage
event has ocpyﬁﬂ@&.mm@ﬁé%feﬁﬁoloéws mey betirerfovied forf seasoryife Tnet profmsdn i n
the art, bfbodnea5amkE6E &ld BV Hhx shBordisBPh riadRivkdcGnifly (kD8] GUSLEMS by
way of a communication interface 55. In a preferred enbddi nent, 1 nterface
55 is a REABSIynlist thyclectise indyctange gf S mageqiuneids: 4hilws sanpar appfagmredrhe up of
a comnpar abr CorpiatdfGhe daaRosd) CAN [sa) oAy AL alsensar doay - Det ector 10 may
use a & D, 2-5@3- D, ?r n-D, array of maﬁ{%etoneter sensors 60 whi ch may
differlin ori &f¥@l FgH PEICETSG S (SEPeRIRL M5t drisetions BRsisnend A Bgital dantingi vi dual
sensor el enRnbsslg@ithod @ the plXeib® gignalprodéssiaf higbiitBns , AsfiSudtlatcd St FrE. ad @me Fl GS.
HA & B, arz Brefgrred vmaﬁnﬁrml ti EH? sensors 60 argogseig. Sensors 60 with a
comon or TEHPSY 1B b 2R A AE & FEesBe Fae AetrEon Booers 480 PEH AR IR IR EoHBt ect i on
process usstimgte doiticieo@r(6)e50( Maraaterigdtian hltnws padceBdrind ke adidted darShamigaret onet er
t echnol ogj e | oved faor . sensar .60. |.n ref erred_enbodi nent,
sensor 60&):?321(;&%‘81 %%@F}%ﬁqgémﬁ%ﬁg felsg legpe ndia i %ap rc\’/béﬂr’li%g%ffgetﬁ%t}o%gﬁr}%)rfeg vy at eri al .
Changé$§ i mdtvhigesffburxitiedl parmétére arefifdiateil inghé dedarptianaferabsstib@beimgnet oneter. A
flux sensor t ' | ne. nta_Ros IS an
effective mg?g#?tgo%quécggslﬁb‘gﬁ%g%@%%t%qo@sﬁnﬁhoﬁpn%rﬁgrcgelé SN d&l’lusfi%?sl S gnti al
to t he dethe&llowing prooeseiss stepstavdonghitig elimaination dé pitiiare coepwaion end mingwalof then i s t he
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procesg 1&@1e<¥t9na§§et&£’e!téa‘$i%ﬁ@0‘i P mdo VRt HGSE) RP éohé%?ih%%li WMedBoR et g3 of
false alarns and a high probability of detection. Preferred range_ and

val ues f ofetgmingd Bat npafenphetriéiia ngliding R nohtiaiied th 2RlEudre SRR FYPTOTOUPr ocess
100 bel ovevents. The fine structure of the response of sensor(s) 60 may also be accounted for by using

pattern recognition techniques.
Mag data 101 is first processed by processing step 110, elimination of outliers:

25 mag; = min (mag; — baseline estimate;.; * signum(mag;), outlier limit) (Eq. 1)

See FIG. 13 & sub-steps 113-117. After removal of the offset (baseline) from the measurement,

the input is limited to less than or equal to the outlier limit. The sign is preserved over the

operation. The “signum” function returns the sign of the argument. The “min” function returns

the arithmetical minimum of the argument list. The outlier-free magnetometer data are then
30  returned to process 100 and passed through a low pass filter to estimate the baseline.

Processing step 130, estimation of the baseline, is:

baseline estimate; = baseline estimate;.| + (nag; — baseline estimate;|) * 765536 (Eq. 2)



Det ecti on process 100, which is inplenmented by mcrocontroller 51, may
include all of the follow ng processing steps: automatic elimnation of
out | i er s,woanpu3atooon and renoval of the neasurenent of PsetUS2@9083%at | on of
t he neasurenent noi se, establishing threshold(s) with and w thout

hyst eresi s, sequential detection, and event time discrimnation/detection.

Sensor(s) 6 0 Ccl data " dat a" ). for
pr ocessi ng %%g ljJe eS(I:IP'i evew e%‘ R Se? H(% lﬁégo‘ﬁfa%? W%Wg%gdf' i eria
i ncl udi ngesbmbte et offs¢trfidme gbré cﬁ)ralmmheatsmreheent dUhalowopass Al ipa emtipusperatull S. The
fine stru r h sensor(s) 60 may al so be accounted for by
usi ng pat %ﬁﬁ?g%g%ﬁﬁPF%%R? :m%rﬁes Mag data 101 is first processed by
processing step 110, elimpa |onbo%boﬂtﬂ&&ﬁs magi. =mn (magi - baseline
estimate” * signumnagi), % Frer—frqqufpfq. @?Lﬁbe FIG 13 & sub-steps
113-117. After renoval of the offset (basellne) fromthe neasurenent, the
input is limted to less than or equal to the outlier limt. The sign is
preserved over the operatW%WF The "signunt function returns the sign of the
argunent. The "mn" function returns the arithnetical mninmumof the
argunent list. The outlier-free magnetoneter |data are then returned to
process 100 and passed thiough a¥ d fQljter to estimate the baseline.
Processing step 130, estimtion of A basel ilne, is: baseline estimatet =
basel i me estimate,.] + (magl -baseline estimate,.]) * 65536 (Eq. 2)See FIG
14 & sub-steps 131-137. Processing step.130 |s | ow pass filter which is
used to estimate the offset fram ze ere_for flor 14 asurenent. The | ow pass
filter is a sinple exponential 't pe. FﬂB6tr r function for the filter
is: bo+ b \zL + b2z 2 i(z) = (Bg. 3) do + a \z " + a2z ~ where: / b =00
65536 / a =1 ( 1) O 65536

The value for time constant “/” may be in the range of 1 to 4096. The preferred value for “/” is

128. The baseline estimate is:
10 baseline estimate = H,z) * mag (Eq. 4)

Processing step 150 provides a noise estimate:

7
noise; = max (noise;.1 + (abs((mag; — baseline estimate;.|) — noise;.1) * f— , min noise) (Eq.5)
65536

15 See FIG. 15, sub-steps 151-163. This is a low pass filter which produces a noise estimate for the
adaptive threshold selection required by the detection process. The noise level is always positive
and is bounded by a minimum. The transfer function for the filter is:

by + blz'l + bzz'2

HZ(Z) - ap + £Z1Z—l + azz'2 (Eq 6)




The value for time constant "f may be in the range of 1 to 4096. The
preferred value for "f is 128. The baseline estimate is: baseline estinate
= H (2) *wWoagloiBst004) Processing step 150 provi des a noPsg/usganomgidel fn

noi se; =max (noisei-i + (abs( mag -baseline estinmate;”") - noise®) * . |, mn
noi se) (Eq. 5) 65536 See FIG 15, sub steps 151-163. This is a | ow pass
filter which produces a noi se estpgmate, for the, adaptive threshold sel ection

required by the detection procg .1[hé%nqq eyl pvel is always positive and

i s bounded by a mininmum The transfemsfignction|for the filter is: where: Jn
b =00 65536Jn 1 ( - 1) O 65536 Hhe value fordtine constant "fit" my be m
the range of 1 to 256. The preferred value for "fit" is 32. The noi se

esti mat e Tis:valeiiséime cBisant ' {radsierm therangase! iorkSy.) Thdgrefeifdd Vel forTitrtis

nmagnet onetery t hen snoot hed using a "boxcar” |ow pass filter in
proce55|n%Fs$%%&%$%1§é§g FIG 16, sub-steps 171-181. The structure of the
filter is. "-i H ({rect angwl=aky* (et | biseidne))) (Hgq7) 8) 1=0 This filter is
used to shape the response after magnitude processing (absolute value). The
| engt h; of the ngul e ingthe rang 0 L.n the
preferted con % %gttlgéojgﬁl Che ]ivaqucts ﬁr%/tge%?molglop W ng%lo’ﬁcﬁﬁtzlovsvrpﬁﬁs ﬁieﬁ(jn t he
detectlomxpm&mgssp@ﬁtUksFKhlﬁmdtaqsﬂmQJSIéﬁwk@ﬂmHSQBh&ﬁEﬁ1ﬂ7, sub- st eps
191-201. The detection process is a sequential process which includes the
previ ous

Hypy=_ Z (rectangular windowl[i] * z”) (Eq. 8)
n

=0

This filter is used to shape the response after magnitude processing (absolute value). The length
of the rectangular window may be in the range of 2 to 128. In the preferred configuration the
10  lengthis 32.
Following input smoothing, the detection process occurs in processing step 190. See FIG.
17, sub-steps 191-201. The detection process is a sequential process which includes the previous
value of the detector. If the current value of the detector is “off” and the smoothed magnitude is
greater than the upper threshold, the detector is switched “on.” If the detector is “on” and the
15 smoothed magnitude is less than the lower threshold, the detector is switched “off.” Other

conditions for the input result in no change in the detector value. In equation form:

if (Hay * (abs(mag;) — baseline estimate;) > upper threshold;) and (detector;; = 0)
then detector; =1 (Eq. 9a)
If (H3z * (abs(magi) — baseline estimate;) < lower threshold;) and (detector., = 1)

20 then detector; =0 (Eq. 9b)
else detector; = detector,;  (Eq. 9c)
The determination of the upper and lower detection thresholds is:

upper threshold; = p1 * noise; (Eq. 10a)

lower threshold; = p2 * noise; (Eq. 10b)

10



val ue of the detector. If the current value of the detector is "off and the
snoot hed magnitude is greater than the upper threshold, the detector is

swi t ched woroio/136400he detector is "on" and the snoot hedPoagrseanaas3vs | ess
than the | ower threshold, the detector is switched "off." Qther conditions
for the input result in no change in the detector value In equation form

if (H3( * I t
I( de'g eC'E or I‘ﬁvaﬁggaq]il and pgafag(lz)%: (rl;nethg%nlfe %Fto) ]é)a)'H{) fpre( erée? ﬁlg cfl?r aﬁ%) i an q‘h3
basel i ne Hsﬂenmélﬁfothde\er threshold,) and (detector,.\ = 1) then

detector, =0 Fgl ﬁg,gep&t&h&?e\zggt[ Fr%&e%mg ds'ef ecb%g;ets(t)l eAto @ﬁg?nélgect)le J)H&lt of the

determnat|on tiron thres S | SI upper
t hr eshol devesi. |§eq FIﬁol%eub 908 21 110 1.| Gueeer mang Blioeidhe feiowing fype mey by wgd

10b) The Vfa'cHa?acfreQiEe nﬂ!e e\%ﬂﬂo H@texﬂﬁﬁ/e 1P§n%1%rkhﬂ1pﬁ@é%&%s At presdnp 10. The preferred
value for pi 1s 3. The preferred v for p2 1s 1. Follow ng a detection

event, processi ng step 210 uses tine to determ ne the extent of the event.
See FIG 18, sub-steps 211 221. One or nore filters of the follow ng
type may be used to cliapacte |@aamgu@rwdm[z]t=@ ‘de(®r. mne if single or
multiple events are preserf®: "-i H(Z) * z (Egq. 11) where m< n This
transfer function operates on the detected output, whose value is 0 or 1.
Vari ous | engt hs of rect angul ar wi ndows can be used to discrimnate between
short and | ong event¥berqhe | ongest wi ndow, passing the detection limt,

i ndi cates the extent of a singl e evepf<nevent detect = H4 * detect (Eq.
12). Because a sing ig or object may present nultiple_magnetic fields,

processi thl%F"é‘ﬁfe’?%‘chp 88‘?%6?& ondpés dteeird REPYr WhosgyalpRls é)lﬂﬁ Loy @H0sdensthe Pent

mul ti pl e @asrsgagewemem Ganb@l wded Gediesi@ttef twan Shorgiid 168 e&htsaIht hdig@Ppj ect
passe§ tec or s 231 to 253. In a preferred

b-
enmbodi n‘f’m BF 52888 %ﬁ&etg‘it‘(gb 'f%oméﬁaﬁ‘fsé?ufse%%fggﬁé’élglﬁﬁveinbc kout estimator. |f

there is a passage event, tdhemdacceetrngt-darct i(Ben2).s i ncrenented and further
detection is |ocked-out for a

Because a single pig or object may present multiple magnetic fields, processing step 230,

lockout discriminator, may be employed to prevent multiple passage events being detected for a

15 single object as the object passes by detector 10. See FIG. 19, sub-steps 231 to 253. In a
preferred embodiment, processing step 230 employs a Bayesian lockout estimator. If there is a
passage event, then a detection timer is incremented and further detection is locked-out for a
predetermined time period. Once the predetermined time period is exceeded, the detector is
unlocked and initialized and the lockout timer is stopped and cleared until the next detection

20  event. Similar to reed switch 89B, processing step 230 provides the ability to control unwanted
detection.

While detector 10 and process 100 have been described with a certain degree of
particularity, many changes may be made in the details of construction and the arrangement of
components or steps without departing from the spirit and scope of this disclosure. The invention,

25  therefore, is not limited to the embodiments set forth herein for purposes of exemplification, but is
to be limited only by the scope of the attached claims, including the full range of equivalency to

which each element thereof is entitled.

11



predeterm ned tine period. Once the predetermned tine period is exceeded,
the detector is unlocked and initialized and the | ockout tiner is stopped
and cl earw0 20m¢i3k400he next detection event. Simlar to PEEWSIWHNEII6BIB,
processing step 230 provides the ability to control unwanted detection.
Wil e detector 10 and process 100 have been described with a certain degree
of partic [ hanges may be made in the details of construction
and the a%r?g%r@“ﬁmgplgonponents or steps wi thout departing fromthe
spirit and scope of this disclosure. The invention, therefore, is not
linmited tb thé wHtyeirdeleetng fepaseacohahbjest in appeling,ihp exsten qofmprising:
exenpl i fication, Blfetdofor hRar36d ol drEktcPM Yurfl¥e SMELIBARAPEnPInclulig 3t e hed
claims, including the full range of equival ency to which each el enent
thereof is entitled. WHRT TRSOEPMEIRASENSPE;: 1. A system for detecting the
passage of an obj ecsieldhgduRbuRSing R at EREoBYSERMREMREIsSE g a det ect or
arranged about an external suyrface of .a pipeline and includi ng at | east one
magnet onet er sens dFMCRo Ol T F@’%W%B%‘g‘f}ﬁtge ?tH@Sté’t“e PEERTOHE SHEY RS onet er
sensor; and a m cr oconhivilg a@hddpfivelitoiigaleteofonihdats. t he at | east one
magnet onet er sensor and having an adaptive threshol ding detection neans. 2.
A system gaccordj i . | Sl e er
Sensor orrent oAt it Eehins vitElcoi QR SehthaB R ORG, ARNTRRER €,
syst em accor dioriigpgbm] @ saidat 1¢ast enetnipgnet@uaipisénsétng a di spl ay nodul e in
communi cation with said mcrocontroller. 4. A systemaccording to Claiml
furtheg conprissiyiemSBtAdiasRPEENE] Hies flrising a@%?ﬁ?tnhdaﬁleﬁﬁ@&ﬁmhﬁ]&lﬁblﬂ' ng a
| ow pass filter, 5. A systemaccording to Claim4 wherein a transfer
function of s¥tHsHWPREE AL ter js -2 bo + b\z + 2 H(z) = QQ+ a\Z +i 2
where: / b =00

4, A system according to Claim 1 further comprising said adaptive thresholding detection

means including a low pass filter.

5. A system according to Claim 4 wherein a transfer function of said low pass filter is
bo + b]Z-1 -+ sz'z
Hy(z) = - -
ag+aiz +az
15 where:

6. A system according to Claim 5, the parameter “/’ is in a range of 1 to 4096.

12



65536 / a =1 ( - 1) O 65536 6. A systemaccording to daimb5, the
paraneter '/' is in a range of 1 to 4096.7. A systemaccording to Claimi4
wher ei n awonrangiBeof uncti on of said | ow pass filter is PQFUSR@L/N03536L2z 2
H2(z) <g+ C\Zz+ C Z where: fnb =00 65536 fna=1¢( - 1) 0 65536 8.
A system according to Claim7, the parameter "fn" is in a range of 1 to
256. 9. systiem.accor di. n .Claim4 wher.ei.n transfer function of said
| ow pass fiil té‘rs%tgmﬁgﬁor ?Q %ﬁl ?évlclzl rglrrllé‘u a%SFervfﬁnﬁg%nvﬁfgilgiowzgafS fiLl.ﬁ:%a‘EI‘SlO. A system
according to Caim9, a length of thgoﬁtglc}nqrb%zl ar wwndowis in a range of 2
to 128. 11. A system accordi ngLizp= Im4 wherein a transfer function of
said low pass filter is n-1 1 H,(z)4 yaredtaamgul ar wi ndow i\ * z m where
m n

where:

B Jn
a_[l (G " ° }

5 8 A system according to Claim 7, the parameter “f#” is in a range of 1 to 256.

9. A system according to Claim 4 wherein a transfer function of said low pass filter is

n-1

1 .
Hypy=_ Z (rectangular window[i] * z™)
n

i=0

10. A system according to Claim 9, a length of the rectangular window is in a range of 2 fo

128.

10 11. A system according to Claim 4 wherein a transfer function of said low pass filter is

n-1

1 .
Hypy=__ Z rectangular window([i] * z*
m
i=0

where

m=<n
12. A system according to Claim 1 further comprising means for preventing detection.

13. A system according to Claim 12 wherein said preventing means is a reed switch.
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12. A systemaccording to Claim1 further conprising neans for preventing
detection. 13. A systemaccording to Claim 12 wherein said preventing neans
is a reedwewntoctssd. A system according to O aim12 whererwss@oaspsevent i ng
means i s a Bayesian | ockout estimator. 15. A system according to Caiml
further conprising neans for adjusting a position of the detector relative

to the ex £rn | surface,.of t@]g stemacc rd| aiml
further c%)npr?\sslyﬁtem acccf)rc%ué‘%ﬁ Vpggévlll}?rg S%I%sprevenn“éﬁ? ol 8 eeiq'lelrglr?ﬁgoélgportl on

of sai d det ecestimatot.7. A system according to Claim1 further conprising said
shiel ding being a magnetic pernmeable shielding. 18. A systemaccording to

Caiml furt harsysQaREdosdin}Oo Sahish 1sﬁhﬁér@bm Bri ﬂ&n@fbrghﬁ%@a%kmwwh@tl ng
shi el ding. 19. syst em accor di ng Claim 1 further conprising a backup

power source, d%t%ﬁ“ﬂr%%’d’ﬁﬂjpthiﬁmal%‘Hﬁi’ec‘gﬂﬁd’l‘ﬁe%%r ed to break el ectrical

contact prior to exposure to anbient environnent. 20. A nethod for
det ect$ ngi6 he Apgsismagecoafingin Gimelcfurther campiispeld dutachdbheseomtdbae capaple bSi ng t he

steps of: positi.on ne nmagnet oneter sensor near an exterior
surface of théecgl%n%F? r%n‘lf%%?%et Ctor a magnetic flux data streamfromthe at

| east one e ter ro eam
1 ARG g}@ﬂgﬁ ?ccorﬁﬁﬁ%? d@1a191 st ec& nglgl ﬁ 50“ : Eélgln%é)gléét ect n{lcf

t hrough an adapt’ive thres tion a g a
passage event pe@iablgﬁshwb]tﬂ‘mod accordl ng to Caim20, said processing step
further conprising the step of passing the nagnetic flux data through at

| east onejd owaApPgEEmf zicl:ér@ﬂhg t@ Llaif) MBfrihedcAGRioing isfig shRldfdgabeie2th elsctidil

pl’OCﬁi Ing step furt{l conprising the step of renoving outlier data from

t he @netl c fPURIngSPEldegy eam t o provide an outlier-free magnetic flux data
stream 23. A nmethod according to Caim 22, said renoving step including

t he stepsldf: Arsezfstwian@rcangmﬁaihmbﬁmatmmﬁ@m 4 hetkpmpovetr isouréd, gaid deckep st r eam
and power source configured to break electrical contact prior to exposure to ambient

environment.

20. A method for detecting the passage of an object in a pipeline, the method comprising the
15 steps of:
positioning at least one magnetometer sensor near an exterior surface of the
pipeline;
collecting a magnetic flux data stream from the at least one magnetometer sensor;
processing the magnetic flux data stream through an adaptive thresholding
20 detection algorithm; and

detecting a passage event.

21. A method according to Claim 20, said processing step further comprising the step of

passing the magnetic flux data through at least one low pass filter.

22. A method according to Claim 20, said processing step further comprising the step of
25 removing outlier data from the magnetic flux data stream to provide an outlier-free

magnetic flux data stream.

23. A method according to Claim 22, said removing step including the steps of:
removing a baseline value from the magnetic flux data stream; and

limiting the magnetic flux data stream to a value no greater than an outlier limit.
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limting the magnetic flux data streamto a value no greater than an
outlier limt.24. A nethod according to Caim22 further conprising the
step of paexwrg3sdee outlier-free magnetic flux data streamusheowsssen fir st
| ow pass filter to estimte a baseline. 25. A nethod according to C aim 24
wherein a transfer function of the |low pass filter is: bo + b[z 1 + b2z 2
1(2) = -2,<20 JZ=p.+ O 27 e; b.= 0065536 /[ a~=1.( - 1).0_.65536 26.
A met hod %14(':cor‘AJ dtl%ﬁ%()dt %’c%ﬁg?%gkuﬁﬁérﬁ&hﬁr R par aif Sfeé’r(’f'p?ssiné 7500l 45Ge of 1
to 4096. 27. AMagetihfux datcatreatn thyough a Gistlomp2@ filtar tb keimaxomtprdlme.ng t he step of
passing the outlier-free magnetic flux data streamthrough a | ow pass
filter toyrodusndd LSy BTdiiBY Srheréf-a tAndB ERRHAGHR 164 Bs fﬁger%l:al m 27
wherein a transfer function of the |low pass filter is: bo + b\zL + b2z 2
H2(Z) = 0 + a\z~ + a2z ~ where: Jn b+ 04658586 J a =1 ( _ - 1) 0 65536
29. A nethod according to d ai/#@8 whereinthe, paraneter "fn" is in a range
of 1 to 256.30. A nethod according t & &% Mm%2 further conprising the step

of passing the outlier-free
where:

26. A method according to Claim 25 wherein the parameter “f” is in a range of 1 to 4096.

27. A method according to Claim 22 further comprising the step of passing the outlier-free

magnetic flux data stream through a low pass filter to produce a noise estimate.

10  28. A method according to Claim 27 wherein a transfer function of the low pass filter is:

bo + blz-l + b22-2
Hy(z) =

ag + a[Z—l + 6122-2

where:

B Jn
a_{l (g DO }

29. A method according to Claim 28 wherein the parameter “f#” is in a range of 1 to 256.
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magnetic flux data streamthrough a | ow pass filter to produce a snoot hed
magni tude of the outlier-free nmagnetic flux data stream 31. A nethod
accor di ngvoao/ias4n 30 wherein a transfer function of theCraw@assssbilter

is: p-1 1 - H(z) =y (rectangular windowfi] * z~') 1=0 32. A nethod
according to Cl aim 31, wherei n the length of the rectangul ar w ndowis in a

range of % to 1%68[11od3 accordm%mo ?agn %%urﬁlgliﬁ) rlSl [ngu? lpasglng Qhee 2! %‘?ﬁ I’nlets: 29

the step of conpari ed “rmagni free
flux data str eaanetloﬂax dadd st@ﬁmdlab@hta low plassrﬁltesto mBeducela preodiied negoitrddiofig t o

G aim33 furthgr, tﬁglrgpgel gg% hﬂ,@daﬁ&gggf passi ng the snoot hed magni t ude
e

t hrough at | east 1 ow pas I'ter to termne a length of a detection
event. 35, A nethod according . tgo Caim 34, wherein a transfer function of
the at |edst Oriectiodiesssins tp im0 vaereina frapyfir fynetion of the e prse filisr isi ndow[i] *
z { ml=Uwhere m n 36. A nethod according to Claim20 further conprising
the step of increnmenting a countét in response to the detection event. 37.
A met hod according to Caim 20 fyrther conprising the step of displaying

t he detection event.38. A rfétitod deWWZWOMﬂTMZO further conprising
signaling a renote devi ce based®upon the passage event. 39. A net hod
according to Claim20, further céftprising the step of preventing a

det ect%on of a non-passage event. 40. A nethod according to Caim 39
further conprising said preventing step including the

32. A method according to Claim 31, wherein the length of the rectangular window is in a

range of 2 to 128.

33. A method according to Claim 22 further comprising the step of comparing a smoothed

magnitude of the outlier-free magnetic flux data stream to a set of detection limits.

10 34. A method according to Claim 33 further comprising the step of passing the smoothed

magnitude through at least low pass filter to determine a length of a detection event.

35. A method according to Claim 34, wherein a transfer function of the at least one low pass
filter is:
n-1
1 -i
Hypy=— Z rectangular window([i] * z
m
i=0

where

15 m<n

36. A method according to Claim 20 further comprising the step of incrementing a counter in

response to the detection event.

37. A method according to Claim 20 further comprising the step of displaying the detection

20 event.
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sub-step of |ocking out the at | east one magnetoneter sensor. 41. A nethod
according to Claim39 further conprising said preventing step including the
sub- st ep WD 2boiss4ng out a detector for a predeterm ned rCrasp@aviossdonft er

t he passage event. 42. A method according to C aim 20, said processing step
further conprising the sub-step of estimating a noi se estimate. 43. A

gﬁhhg?egco r g:,rgrg?tfl]o% accorc!h%go%l 1m§l %I?(%O%‘%ISIISIQ %{;{llljl(l’}nto egc O?I'T'p rcf urs%lm?g 4t hi
met hod accor dnhwgaisage@valtm 20 sai d processi ng step further conprising the

sub-steps of: determ ning an upper and a | ower detection threshold val ue;

conpari ngz@ snogdhcchcSRERM fUtsimol, %uhﬁermpﬁﬂgqhé didpordabantil heRlida opt | east
one of the upper and |ower detection thresholds; and updating a detector

val ue based up8fPBsta8eEiett of the conparison. 45. A method according to
Cl aim 44, each of the detection threshold values is a multiple "p" of the
noi se £st40mt e,\, tbéd geoniiygite Caim 38 gerttef cdmprding Gaid eeveringustepdnthakixgoheli ng t o

Claim 20 furth S] ng .sai rocessm step including the sub-step of
determ ning o trd T onsihO R B bR R R

41. A method according to Claim 39 further comprising said preventing step including the

sub-step of locking out a detector for a predetermined time period after the passage event.

42. A method according to Claim 20, said processing step further comprising the sub-step of

10 estimating a noise estimate.

43. A method according to Claim 20, said processing step further comprising the sub-step of

smoothing a magnitude of the magnetic flux data stream.

44. A method according to Claim 20, said processing step further comprising the sub-steps of:
determining an upper and a lower detection threshold value;
15 comparing a smoothed magnitude of the magnetic flux data stream to at least one
of the upper and lower detection thresholds; and

updating a detector value based upon a result of the comparison.

€6 .77

45. A method according to Claim 44, each of the detection threshold values is a multiple “p

(1]

of the noise estimate, “p” being in a range of 1 to 10.

20 46. A method according to Claim 20 further comprising said processing step including the

sub-step of determining a time length of the detection event.

17



