[*rr] -A REMOTE TARGET DETECTI ON SYSTEM The present invention relates to a
renote target detection system for exanple, for use with robotic 5
“systens, mobile security and inspection platforms, decoys afd~thé&Nke! |
Presently known obj ect detection sys}ens i nclude an array of nultiple
ultrasonic sensors fixed to-a nobile 10. - platformor vehicle body. Each
sensor is pulsed or driven_ to en1t uItrasonlc energy within a detection
zone and reflected ul t rAsBRYQTECRARGED RETECTIQNISERTENNal yzed t hr ough
n1croconputers i nterfaced mnth t he respectlve sensors through mul tipl exer
el ectronics..” Wile-such 15 - systens afe“effective and successful to sone
degree, they afie GXBEERYE1hoehtRbATERL g taldd! hoRakiote © (fae wely
expensive nul tiplexer el ectronics nust be utilized to coor Imate si gnal

pat hs forderepeionanayysen, ofoal Iexampmm, nforefisec iiah sicpealic and tim ng
data._ Accordingly, such 20 . ul.trasonic¢ renute-obj.ect .detection systens of
the type SYﬁﬁéﬁMngmpbalal SeCHS ALY ﬁnﬁeénypﬁs@npedpéﬁtém,f sleaaye :
severely I| tedp%ngappllcatlon by ¢ost "so as to be confined to | aboratory

use for t¥Y &-as distinguished fromwidespread use in practical 25
appkications. Mvabl e scanning.types of ultrasonic sensors have.al so been
proposed for renote object detection systens as disclosed for exanple I n

U S. Patent Neerds&AblFShnben3BbjeSki databitith skystefecandiligd ard he
Shiraishi et.al. patent, a sensor. -assenbly is.rotated i.n one direction on
its array of multlple ultrasonic ‘Sensors fixed to ‘a2 mobile
10 platform or vehicle body Each sensor is pulsed or . driven
—/ to emit ultrasonic;energyﬁwithin_a-detection zone and
reflected ultrasonic'echOes#are'recOrded-and analyied“”
through microcomputers 1nterfaced w1th the respective"y:'.
_sensors through multiplexer electronics. While such y
- 15 systems are effective and successful to some degree they
are expensive=to 1mplement.. Additionally;"relatively
expensive multiplexer electronics must be’ utilized to _
coordinate 51gnal paths for proper analysis of all incoming
'reflection Signals and timing data. Accordingly,:such
20 ultrasonic remote object detection systems of the type.
- involving plural sensors fixedly mounted on a platform are -
severely limited in application by cost so as o be__ fl
confined to laboratory use for test purposes as | o

'distinguished from- Widespread use in. practical

25 applications.

Movable scanninpjtypesrof ultrasoniousensors have'also
been proposed for remote object detection systems as
disclosed for exampleiin'U:SL*Patent'No;~4 805,155 to

- 30 Shiraishi'et al. According to the Shiraishi et al patent

- a sensor assembly is rotated in one direction on its



-2 - platformby [err] and consists of three separate transducer elenments
angul arly spaced from each. other by 120 degrees. In view of the noise
generated as a result of the scanning displacenent of the sensors .
associated wth such systens, 5 measures nust be taken to conpensate for
noi se signals injected into echo sigpals. The noise conpensation neasures,
I f successful to any acceptabl e degrée, involve conplex circuit

nodi fications which sonetines render the novabl e scanni ng type sensor

syst ens re_costly than the 10 platformfixed type of sensor systens

af or enenPnféﬁéamAPé’oPéiOﬁgam oeasistsepf ithres issparade tiransdudated a

renvte telgeéndst aaGudAriYs spaceRdM¥rich ach IJraeyd r:.z‘d‘.‘&%é’é! ch energy
conversifns occur F ansm.t-recei ve 15 —neans for periodically generating

and recefVi FyC¥i §haFhenBRiFe. generated, 3s: [fe Hesisd dfe then REasHNG ng dri ve

means opéisplaeementnoéctae tse]fzxsbeﬁt aaaddieted Wit?p%lﬁ@mgsyﬁt%ﬁ{sﬁ ,_ce_rr;a_nt
t hergof , ect.Lan m further conprisi stqp neans for limting
t he fcan‘ﬁ%%g‘lggg &ﬁ?gpPﬁg%ﬁP gf‘" FH’E‘PFF?%&J%’% % slgnalshsi t ion to a
pr edet erimjhedtededptangcho wﬁgnalsﬁsaEhesumdmbngo@pemSamﬂfms conpglsef an

| ect L-&aCOL le, r | ace, .and pul se
Genor ot | asgutes? otk sARcRRETLY ol Ay HoRalliRTs BeBReRyi JRaI¥E hir cor
and the SPLEX EATFHACsPoddfiracinns wbish somgtimess renderpmine ng t he
ar mat ur enevable seanadhgetype skhgbr! 89seed &%%-g 'chfEfl.frys%hahe'ti{é on to the

coil].in spaid_zero_positiron of the tranSducer, osi tfon sensi ng neans
coﬁH%ctéﬁE?Bf?ﬁ@ fgxed type of sensor systems aforgmentioned. g

According to the present invention there is provided a ~
remote target detection system comprising a transducer
though which energy conversions occur, transmit-receive

15 means for periodically generating and receiving sigmal
energy converted by the transducer, and scanning drive
means operatively connected to the transducer for scanning
displacement thereof, the detection system further
comprising stop means for limiting the scanning

20 displacement of the transducer from a zero position to a
predetermined sweep angle, wherein said scanning drive
means comprises an electromagnetic coil, an armature having
a magnetic pole face, and pulse generating means connected

. to the coil for periodic energization thereof, and the

25 detecting system further comprising means for mounting the
armature on the transducer to aligﬂ the pole face in offset
relation to the coil in said zero position of the
transducer, and position sensing means connected to the
scanning drive means for detecting engagement of the stop

30 means and arrival of the transducer at the zero position
during said scanning displacement thereof.

In an embodiment of the invention ultrasonic energy is
emitted within a detection envelope from a single
35 transducer for remote object detection purposes based on
the pfinciple of echo ranging wherein a powerful pulse of
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scanning drive neans for detecting engagenent of the stop 30 means and -
arrival of the transducer at the zero position during said scanning
'dlsplacenent thereof. In an enbodi nent of the invention ultrasonic energy
is emitted within a detection envelope froma single 35 transducer for
renote object detection purposes baseq%on the principle of echo ranging
wherei.n a powerful pul se of -3 - sonic energy of short duration is
emtted and directed in certain directions by the transducer which then
listens for echoes reflected froma target within the det ecti on envel ope to
det er m ne SERdCdienarme, ofli skext diurabiant ipcewitted and dirgetesbjiact so

det ect ed. ceP4E i @aScE dhd e&flw@ ©¥ahb&u ééﬂ%ﬁl&haeﬁaﬂcgas@%éﬁ%r

scanni-ng di spl acenent theieof Foma zero gos tion on a platform agal nst

the cent eFCRPRH FECHRF oA cHAEFRD WEEhAR EBRJEEEBFSiPEr pul se signal
current fleaveleipeald (decdmitalucies algtantepngiiréctibn ahacmat@x@ IgRui .

“ An el ectr netic .scanner_driiv ar. ci):latory notion: to .t

trans uce?g:%grr'atﬁgﬁﬁ af%é}%‘fﬁ ?%e‘f%tf#]afﬂéoug As gﬁgﬁnﬁrg EFEe&F’e%e?é’than
Ler rl acfcuhél rsgngie)rm:msmmemrdurlﬂgiesdannir.]ngedtsplaéembatt Eheydidrer lsh
_ t € r.ces, W r n ce Wt
t%em?gagl E%Q'P%[ 4§&gﬁaﬁ1e& sé%%%fe\ér}hgh éa ?¥€héh§e9§8%%§$%on of
t he transbaéérQﬁuﬁpﬂlngﬂﬁﬁhxﬂﬁﬂ&i%mdagbsas|@m@d@StGESeEO§de}SBhe positian
sensor as%ﬁ@hﬁhﬁ%ﬁ%fehérfidﬁEHEifE@@”@héthéﬁgﬁﬁéePraﬂﬁ aSErQn%%ﬁtat'on in

t he dlspIaC|ng forces 1S
recelve circuit. An electromagnetlc scanner drive 1mparts

osc111atory motion to the tratsducer for dlsplacement
~ thereof through a sweep-angle arcof- less-than 360°
| according to one embodiment' - The; displacement of the
transducer is by way_of gnetlcally generated forces which -
15 vary in accordance w1th the loadlng of the electromagnetlc
scanner drive at the zerd p051t10n of the transducer and at
sweep angle end pos1tlons as detected by the position
sensor_assoc1ated_w1thﬂthe;electromagnetlc scanner drive.
Such_variation in. the displacing forces.is preferably
- 20 effected under programmed computer control 1n order to
maintain a relatlvely constant sweep angle though which the
transducer is d1sp1aced'1n proper timeéd relation to the ~
pulsing of the-transducer-by—the-transmlt -receive c¢ircuit

- for ultrasonic emission. -~ :- .-

Y,
25 _ . - .
An embodlment of the 1nventlon prov1des a low cost
ultrasonlc type ‘of object det ction ‘system capable of
_performlng its functions® 1n?a riore’ effectlve, economical
_ . and reliable manner:.. : '
© 30

An additional embodlmentiof'the inventiondproyldes a
remote object detection*and“aVOidance éyétem dtiiizihg”a'“
movable scanning type of platform mounted ultrasonic sensor
.arrangement which avolds the noise problems and costly
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20 ef fected under programred conputer control-in order to maintain a

rel atively constant sweep angl e though which the transducer is displaced in
proper tined relation to the pulsing of the transducer by the , :
transmt-receive circuit for ultrasonic em ssion. 25 An enbodi nrent of the

I nvention provides a | ow cost ultraspnic type of object detection system
capabl e of performng its functions in a nore effective, econom cal and
reliable manner. 30 An additional enbodi nent of the invention provides a

renote object detection and avoi dance systemutilizing a novabl e scanning
type of SHLMAHANF HEtrbly AFFectatred SehREevhER aWak@ht N3 ch avoi ds the

noi se pk S1 -4 Il ops_usyally,_associated therew th,
whi ch hel?s egggﬁ%\g%rfeﬂﬁﬁq e%"%%‘p??@%#‘% o‘ﬁfo?u‘glgc%ygflﬂiihs. Enbodi nent s of
the present invention will hereinafter 5 be described, by way of exanple,
with reference to the acconpanying draw ngs, wherein like nunerals refer to

i ke parts t I Bubagdimgéntsinsf | thehprésenti dnventions wipErkeeeinagtarew B
showi ng a platform 10 nount ed ul trasoni c transducer assenbly constructed
i n accobfaascyibedndy My dfrexamrplee withcreferonaei 5a. thegure 2 is a

| ongi tuql ale o561 0 ALEN SGken RUPSLAN LR XubDEQYON-2:BLa0S L pdloat ed by

parts throughout; and in which:-

Figure 1 is a pérspective view shéwing a platform
10 mounted ultrasoniq_transducer assembly constructed in ~
accordance with one embodiment of the present invention.
Figure 2 is a longitudinal section view taken
substantially through a plane indicated by section line 2-2
in Figure 1.
15 Figure 3 is a section view taken substantially though
a plane indicated by section line 3-3 in Figure 2.
F;gure 4 is a partial section view taken substantially
through a plane indicated by section line 4-4 in Figure 2.
Figure 5 is a schematic block diagram illustrating the
20 ° control system associated with the transducer assembly -
shown in Figures 1-4.
Figure 6 is a more detailed circuit diagram of some of
the components diagrammed in Figure 5.
Figure 7 is a functional block diagram illustrating
25 the operational features associated with the microcomputer

diagrammed in Figure 5.



in Figure 1. 15 Figure 3 is a section view-taken substantially
t hough a plane indicated by section line 3-3 in Figure 2. Figure 4 is a
partial section view taken substantially through a plane indicated by
secti.on'line 4-4 in Figure 2. Figure 5 is a schematic bl ock diagram
illdstrating the 20 control system associ ated wi'th the transducer
assenbly shown in Figures 1-4. Figure 6 is a nore detailed circuit diagram
of .sone of the conponents.diagrammed in Figure 5. Figure 7 is a functiona
bl ock diagran1ikLustratin 25 _the operatiognal features associated with
the mi croconput: PQH%%r%ngidQLEMQXuEEPEF-@%aEFﬁﬁﬁéqgj%P% fraanarardrive
. diagrammi ng _the scanner drjve program associated with the m croconputer
dem(EERHFngH@iﬂ9¥Et44@ﬁ&%h,g@ei§%F§°ﬁ&%ﬂﬂﬁ&§ﬂdeaﬂQ&ﬁ@n#nofigﬂﬂﬂ”%$gnaL
characteristics_gf the voltages associated with operation of the scanner
. drive illustrat EdFUFeri or edS5. hd GrRRNACA: dshbrgrpmh fe pEbgramignal
diagrammed in Figure 8. Figure .10°i's a flow chart .of the transducer pulse -
tim iﬁ%ﬁF&ﬁFé&éﬁﬁe&%d?&ﬁtﬂ?é“jm_ﬁ(ﬂﬁﬁﬂ?&?ﬁ@@rHh§&uﬁﬁe¥htiénaﬁﬂnihé__T
ration. Figure 11 i s a diagramof” the detection

t he scannrng gere ng _ : A
envel YTRRNESt APEVENLLL BFEEATEE dR SR INTES1S0ANE BnaRJCFRERMANGE (WidHL diher

in aceordance with the arrangement andoperations illustrated and di agranmed
in FiRRRFS3R. 9_6?%@%5%&%@# ¥ €0 OF PREFERRED EMBODI MENT -~

Figure_lQ_is_a_fléw,cpg;tlgf thg tfanﬁqucer.PUIsettimigg' |
program associated With:op??é?%??¥9§t§hg“ﬁ:aQqu¢e;_in relation to _'
~ the scanning drive QEer?Fi?éf;EA; ; | R
| Figwe 11 is a diagram of the detection envelopes
established by emission of ultrasenic energy from the transducer
in accordance with Fhé.érféﬁgéwen? ?ndﬂOQé:agiQAs;iilﬁsfﬁa;gd and
diagrémmednin_FiQUfés;;flO;;,;_ h _ ;_@”. - -
. Reterring now to the -_d:_a?i.ngfs___ih d_ei:ail.._; Flg“r" 1
illustrates an electro-acoustic transducer assembly generally
referred to by reféreh:e_;  numeral 10 wluch includes a. tubular
\V,hou;iﬁg gene:ally_refg:;ggégg:§¥¥§5§9:gn€g}Pgmgtgl }zvpgefer?Ply_hf
'made. OfaplaStlcmaterlaland a Pted tO be flxe(h_y mounted On
-~ some p'_l.?:#;f?m_podz. with whmha lfe"“Sﬂ‘%%.;.cpjgg;;_ g_é_teq;iod" SXE}?-@m._‘:i.s: : |
associat?d,;4 Th§ﬁi:upgla;ijhgéﬁiggf;Lzr inplggést é_ ?91;.f5f; $l9§;,:
formations 14 extending longitudinally in. __130__ degree spaced
relationship to each othertemlnated at a front axial end of the -
. housing by separate contronting arcuate end portions 16 and 18,
. with the end p°r?i°ﬂh;§;5x§%9§;?§;IPQQ;tgﬁinéily beyond the end
POrtian.ls. ' - o o -
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Referring nowto the drawings in detail, Figure 1 illustrates an,

el ectro-acoustic transducer assenbly generally referred to by reference:
nuneral 10 which includes a tubular housing generally referred to.. by
reference nuneral 12 preferably made of a plastic naterial and adapted to
be fixedly nounted on sonme platformbody with which a renote object

detection systemis associ at ed. The tubul ar housing 12 includes a pair of
sl ot format i@ epdi I [ [ Yar Hod89nqdg9’ & d
relationship to %%%ﬁ g%&ep,g%?gror% (ry;?e atﬁgA raozr‘lt axigaf‘ge%cgi o?pt e housi ng

b¥n§iegg£-%% CQRY 0Nl NG RIS © tfd‘yd R | QNS A8eandaly, ‘@e%&f@# eﬂ#’he

por extendi ng | ongi tudi nal beyond t he end portion

" SRt e £RBARUIdEAD Qi rhh et Bl 5 £R O RRIBU Jat ¢ &E?ﬁ&t R

g Fh o' 88 B
recessed to form a at wall section i nterconnected w t he renal nder

8:3 %%gt&klbﬁﬁrl E‘S’t*sétl}% Ly %@Qh%ﬁ?%rf{gi&?xlmmrt AR 22435 \g]fdi,%,él:i gure

rear end e housi ng asse shown in Figures S

ChasFo oty EEDSolh BrOPSGinth, i B 9 aemsgril Loecn

and nera tubul ar or cylindrical portion

e%e%hﬁﬁoﬁggﬁgggﬁmu%%o \Aﬁ.ﬁ‘et ‘i‘{cfﬂé"ﬁl C&;%‘Qéﬁﬁggclﬂéﬂae?&iéhamﬁa@ by

the cover me I'ch "el'ectri cal condUctor connections are
GEAEE] pRRRLdELIE Rl iy Yatbeety posepL A R PSR Lo ot
SERCLYehE® BalBthe” O PTEI: Siiind cEBseuep g e e
d%cunted by the cover member 24 through which electrical conductor
connections are eétablished between the transducer assembly 10 and
its control system as described in detail hereinafter. |

The tubular houSing 12 of the tran;ducer assem@ly has a
_pair of stop elements in the form of rubber bands 30 anchored at
cpposite ends to the housing, bridging the slot formations 14 as
more clearly seen in Ficures 1 and 3. The slot formations expose
laterai portions of a generaily cylindrical transducer support
member 32 having a rear end wall 34 as shown in Figures 2 and 3.
An ultrasonic transducer element 36, of a well known construction,
is fixedly mounted within the transducer suppbrt 32 with its energy
emitting and receiving face 38'e£p05ed through the opened front end
of the tubular hbuéing as shown. A pair of clock type bearing
elel.nents 40 are threadedly ‘mounted by the tubular housing in
alignhénf; with each other to establish a rotational axis in
perpendicular intersecting relationship to the longitudinal axis
of the tubular housing 12. Bearing supported pintél elements 42

are fixed to the cylindrical transducer support 32 in bearing



S -
nore clearly seen in Figures 1 andi27f;;;~§Tot formati ons expose | ateral
portions of a generally cylindrical transducer support nmenber 32 having a
rear end wall 34 as shown in Figures-2 and 3. An ultrasonic transducer
el ement 36, of a well known construction, is fixedly nounted within the
transducer support 32 with its energy enmitting and receiving face 38
exposed t hrough t he opened front.end of the tubul ar housi ng as shown. A
pair of clock type bearing el enents. 40 are threadedly nounted by t he

‘?ﬁbg's?&%% o T SRR Py i PaBRSR A 8, el it el kb ot B
E;f’?'a%%sm%%%%ﬁ%‘f LR IYPRRERY GRS, SBERTR %1%1a4§%%é€ﬁd bekhing
Fri CEPBRrAbeE XRaebf 6 a%%mﬁtéﬁfa?ﬁé%?éﬁ%?%%?t CPRRRHTIRA Ry Fhe
_L?—;ﬂ#ﬁ?@%}%ﬁ%@% %ﬁ“?ﬁebKuL“SoP??LhZQO?' The bearing pintel efemsnts 42
el oai “oor  nodShRsAtage falle t R4S oo o RR VR e ot b LBy
Cor rhREFLoB B S bé‘iﬁi‘ﬂt‘%?%é@?#i%ﬁ%‘;ﬂeeri%?nie%%ﬁ?é”gsﬁ&sﬁ%ﬁ e
bRl SRR TSN AR AR LBS, T e EERAT st
CosHRitay aag haad 8¥ acrfcae EEL S TR N Ll T S R
steel, have ends 48" anchored to the tubular housing through
.hthreaded termlnal screws-esq_,and electrically - connected toii
'_.connectors 52. The termihalfs&rewswsc are fixedly mounted within_

-‘._the houszng assembly by means*cf a transverse mountlng wall 54

1nterna11y d1v1d1ng the tubular housing assembly 12 into a frontj
' chamber enclosxng the transducer element 36 in its support 32 and.
a rear chamber enclosing an’ electromagnetic scanner drive generally_
referred to by reference numeral ‘56 _ -~

o | ) ~ The scanner drive 56" as shown in-Figures 2 and 3 includes
\/‘an.electromagnetic coil 58 mounted within an annular space formedh
between an inner tubular core formation 60-and an outer, c"lindricall

:, houszng formation 62 projecting axxally from the mounting wall 54.
Opposlte ends of ‘the electromagnetic coil 58 are. connected byn
terminals 64 and 66 to insulated signal conductors 68 and 70 which
extend into the electrical connector plug 28 aforementioned.

- Blectrical current is accordinglfﬁsupplied to the electromagnetic

coil 58 through ‘the conductor Asaaandg7o,to_produce a magnetic
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a rear chanber enclosing an el ectromagnetic scanner drive generally
referred to by reference nuneral 56. The scanner drive 56 as shown in
Figures 2 and 3 includes an el ectronagnetic coil 58 nmounted within an
annul ar space fornmed between an inner tubular core formation 60 and an
outer cylindrical housing formation 62 projecting axially fromthe nounting
wal | 54. Opposite ends of the electromagnetic coil 58 are connected by
termnals 64 and 66 to insulated signal conductors 68 and 70 which extend

o §5835d.a§%%§5é%§ 8 1 o %ﬁéwfa@ﬁrinagﬁar ”%?”{fé*? ggﬁfrﬁaﬁ‘gegr %@';ufgge”t
f?ﬂ f%?éﬁlf%ﬁaa@%ﬁ RPough 1 ‘h’e“i’ﬁnir Ttbul ar core format;on 60, As mors
E?E‘er%ri}if i”o'n"‘%oﬁ'%ﬁh ¢ Feait o¥u 48 By 3 Bh8. 38N ax.é%r*% t%%!%

? heégﬁare 1L %8*‘%52 ‘ﬁ%‘h@%’ﬁh | F75,55BPREI TR BY, O sHRO3Eankier o Fto
Eneblr 2471 BHYEETh Y 1 i8R B spaBeg. SRRERdy, BTt 47 %%?a%?é'iief%h?”
ooiarBE b Gethanetd 'y %%Eﬂgége? RO EBURR end” !ig%f%ﬁf‘%%ﬁge
grreé% |on“ﬁgo$gse?<§%%?tor5aés g‘l’te\sf\gg §gsu%?°ei§‘to #%tsq{ %]’sp acerren éﬁ@y
froﬂlBFSgg i nyfa?:?xe ﬂh%&setsﬂﬁr?&' 08£8hBnts PUE T 3o remert idifed ! S

of COI the zero
Energizatlon_pf the coil 58 of the scanner drive 56 by flow of ~w

current in only one direction will produce a repelling magneéic
force ;cting én the magnetic flux emitting face 72 of the permanent
magnet 74 to initially exert a pushing force on the transducer 36
in a counter-élockwise direction, for example, as viewed in Figure
3 to effect displacement away from the coil face. The offset
relationship of pole face 72 to the axis of coil 58 in the zerco
position, insures such counter-clockwise displacement and enables
the data prdcessing system hereinafter described to properiy
pre;lict and detect the direction of displacement of the transducer. —
Diéﬁlacement of the transducer about the rotational axis
of its suppof%‘through the bearing elements 40 will be limited in
opposite angular directions by engagement of the bar magnet 74 with
the rubber band stops 30 as the bar magnet 74 is projected through
the slot opeﬁinqs 14 of the tubular housing. The oﬁposite bilases
of the helical) cprings 46 wiilutend to return the transducer 36 to
its zero position as shown in Pigure 3 and will also establish

elgctrical cénnections between the transducar element 36 and the
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position, insures such counter-clockw se dlsplacenent and enabl es the data .
processi ng. . system hereinafter described to properly predict and detect the
direction of displacenment of the transducer: Displacenent of the transducer
about the rotational axis of its support: through the bedaring el ements 40
will be limted in opposite angul ar directions by, engagenent of the bar
magnet 74 with the rubber band stops 30 as the bar nmagnet 74 is projected
thr Qi idked! £f 08P RLAGSAAAELS i¢byhar 78088 hAde ézneaaome beldases of

t he springs to return the transducer 36 to its zero

posi H&Mﬁghewe TSHUES AU YEhE HeSd A bl shoClAddfEL 46 are

connect I ons Detween t he t ransducer ement I-NSu

el eql, A\ﬁéﬁ@“&&%?l te xﬁ:‘l%r]eSdCO”i’ﬁ%thgEQrti@%lt atgétapgh%' rag: G WS

50 to he Spring el enen aré-connec as aforene i oned.
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t hr ou el Ses  are ransducer

el eg’?ﬂtse% :%ﬂ%%&&hé@gaefwmai El‘h.c &esneégxmaﬂét%&}ugam

retdrn echoes are conver Into e ener conducte o t he
h
8825%%@2@%‘5&?’%&“&%&?&- A RIARI oh b | fe 8 ?‘ﬁ%&?ﬁ%b"‘ |
th - t '
thg aforenenﬁlone rﬁ€{§é€§s€9§?gggggﬁf1 -Te$é€§g e&O e?gﬁgg%ﬁ'_o
T, d jth I
CurRydar Vit ﬁ?%?s*%uctea@f‘%%ﬁ’éséﬁb%% % ore%%ﬁ?ﬁgﬂea"’“ |
congg 14%? ﬁ?ﬁgiggE&E?é ?1aég§{fson|c energy in one dtrectlon denoied

by vecto | on-zone denoted
Referring now to Figure 5~ 1n particular, the transducer

assembly 10 ‘s shown connected through connector plug 28 to the -
aforementioned control system generally referred to by reference; “
numeral 30. ' The transdacer element 36 is pulsed through the".:":'.
control system by current ccnducted . theretao _through the -
aforementioned conductor 76 1n order to emie ultrasonic energy in3

cne direction denoted by vector 82 w1th1n a detection zone denoted

.by envelope 84. According to ‘ohe’ embodiment of the 1nvention, the'
detection zone envelope is' established during an 1nterrogation
cycle of approximately 11. 36 milliseconds during which any ob]ect

or target within such’ detection zone "will - effectively reflect_

ultrasonic echo energy to “Be: 'received by the. transducer and

*f?ansmitted through conductor 76

to the control system 80, Also, according to such embodiment of '

the invention, the detection enVelope 84 ‘establishes a detection_

range distance '66 : otational axis .88 of up to_

_approximate-y seven feet which is“mainta-ned ‘substantially fixedﬁ_'
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by envel ope 84. According to oneenbodi nent of the invention, the detection,.
zone envel ope is established during an interrogation cycle of approxi mately
11.36 mlliseconds during which any object or target within such detection
zone will effectively reflect ultrasonic echo energy to be received by the
transducer and converted into electrical energy transmtted through
conductor 76 to the control system 80. Also, according to such enbodi nent
of the invention, the detection envel ope 84 establishes a detection range
distance 86 fromits rotational axis 88 of wup to approximately seven
feet which is maintained substantially fixed in time during each

ul EPaddMe SHE ERF 08NN LIEFASON T r I RERITPHA AN YI® enBliTHReE4 the
illustrated in Figure 5 has_.a maxi nrum sector di nension of approxi mately 20
deBRELSTART (LRGP PREBCE I df dNSHERYES iy FrigUre thdas /h JRRXERUB| SRERLT30
scans a detection zone_substantiah%%ygreater than that enconpassed by a
si AdPENRAW P Hn2RRYOXIFR TR Yh\2 i 8®%ent of the transducer el enent 36
about its rotational axjs 88 through a sgeep anﬂle of Iggs t han 360
degrees, such¥akh1§Pfetpied e e 5¥on ELSHRRng movaRe T JRSEHEST
tragsducer js effected by anqul ar displ acepent .in.opposite directiops, by 90
deIBBERY Gl (3608, 8 FESSOPT (RRFR | RIS HARS 1811V, SRRARRR LHEN hREEY of
the el ectromagnetic coil b8 of the.drive 56 as r Jdoned. Figure,l1
i SEFSMPATHET by & Ginahe) Spseah igh Shyhde e P Rk aRene BB Bl ons
to [ it_is displyaced .c e [ t [ nnj _0f, o2
i angro ié%‘#%?ﬁl l&%’%&?ﬁléggﬂgyqgsp?ﬁgsgf%g%%gdbgg’t ﬁg %%%%e? of
ap [ Y. 25 ) ec | on. trd | | sgs ied to
SPRGRRATLR Y B S0 SRR Mg 'Lk Ho Wadhely! 8RB 2
Such scanning movement of the transducer is effected by angular
di;placement in opposite directions by 90 degrees from the zero
position shown in Figure 35, in response to pulsing of the
electromagnetic coil 58 of the drive 56 as afocrementioned. Figure
11 diagrams the detection envelopa 84 at a plurality of sweep angle
positions to which it is displaced corresponding to the beginning
of each interrogation cycle characterized by a pulse applied to the
transducer of approximately 250 microseconds duration. Electrical
drive pulses applied to the coil 58 are varied in magnitude and
timihq to achieve and maintain the desired operational
relationships between transducer emission and position in response
to detection of the zero position of the transducer and its sweep
angle end positioris limited by engagémant with the rubber band stop
elements 30, Pulsing of the transducer element 36 to effect
emiséion therefrom of ultrasonic energy is achieved through
conductor 76, tha electrically conductive centering spring elements
46 and a pulse driver 92 in a transmit-receive circuit 102 under

control of pulse producing signals and gating signals applied
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timng to achieve and nmintain the desired operational relationships
between transducer em ssion and position in response to detection of the
zero position of the transducer and.its sweep angle end positions limted
by engagenment. with the rubber band stop el ements 30. - Pulsing of the
transducer elenent 36 to effect em ssion therefromof ultrasonic energy is
achi eved through conductor 76, the electrically conductive centering spring
el ements 46 and a pulse driver 92 in a transnmt-receive circuit 102 under-

o o Bkt AT TRt 9, o YA SRt 8
derive fron1th nsduc r el enent as E;g!t of reflgctlons

' obj eERh% BAEAALSIGELEER ¥ Rortdle EFANSANGST SLeAeR dthr%u’g'ﬁSPﬁ]é‘ of
hel | ts 46 d duct 76 . Lif 100
A ff%ﬁi%%“giéi. £258i esectsy 5%”&%*}?. SafelSnoadil, Areg SNy
out pURE SR P S g P B St T R G4

dat d_thro h t.port 106 _of th t
0t U1 PR o2 AR eas-i,é??es} PLLORES Ltmme%ném%em ] QCO%P#@%%%% P2

el S Reki BLOS! 085 aibrainiin Zach g A TS hee S ot

t he dej e ed target -on-a di spl.gy 108: Such apal ysi s of the echo | s by
the Mfr R £ 2B tat s G Rt AR (BOhR 13 (FREPHE) b6 BREMFY 08 ho

pul si ng of the electronagnetlc coi-l--:58 'and detection of the zena;gm l'imt

posi Bfond PR hBortandfbc et dm%gmil%%emfﬁgr dP8pl acehthit SFgn data

afor enent j oned, “Di spl acenment -
_ receiveg throu%h lnput port 106 of the mlcrocomputer is utilized

to analyze target obJects frog whlch echoes are-reflected and
pefformrdther fdnetidas;'in“aééerdahce'withhpregramhiﬁg-algorithms,

~ including theedieéia}idftfﬂferﬁatfeﬁ'regardiag thegdiSEance and
nature of the detected target on a dlsplay 108. Such analysis. of
.the echo 51gnals by the mzcrocomputer 'is ef course dependent upon
its t;me relatlonsth to the pulslng of the electremagnetxc cozl

| 58 and detectlon rf the zero and 1imit posxtions of the transducer
durlng 1ts scannlng dlsplacement as aforementioned. Dlsplacement

™

_of the transducer and’ detect;on of the' posztions' thereof is

......

acﬁieéed thfough a*s¢55515§% ve' and sensor ' componefit 110 -as
diagrammed in Figure 5. éﬁiﬁdﬁéﬁt'llo'1nclude5“a-resettable-dr;ver
circuit 112 ‘and 'af éesitioh;Eeeheihg“’direuit“:1141>“~ ‘The
electromagnetic coil 58 1s cornected fo through the resettable
driﬁet.t{feﬁitﬂiiéTaad tﬁe?SfdfémEEtioﬁed'EQnduetor“sé to a pulse
signal out put port 116 “of “the mdcrecomputer."'Thert%anSducer
--position signals are detected by the posi*ien sensxng ‘circuit 114

also connected to coil ‘58 through ‘conductor ‘68. - The position

11



of the transducer and detection of the positions thereof 1is achieved
t hrough a scanning drive and sensor conponent 110 as diagranmed in Figure
5. Conponent 110 includes a resettable driver circuit 112 and a )
posi‘tion . sensing circuit 114. ° The el ectromagnetic coil 58 'is
connected to through the resettable driver circuit 112 and the

af orenenti oned conductor 68 to a pul se signal output port 116 of the

m croconput er. The transducer position signals are detected by the

posi seABinRBNEceitcynl ikt cdiswesordcebed positiorhSsighatolnpitd sdwE
68. The position. sensing circuit 114 is connected to a position signal

inpui1goblt the Hidérecamnguaeeeputer. The control system 80 further includes
a source of power in the formof a battery 120, the positive voltage

term nal of white iSonOPGECsPSten BberupeRbtabheldtesca Goutitid olfl powdre
pul se driver 92 and to a voltage regul ator 122. The voltage regul ator 122

providesHaorgphP s Vo bateeyf hbf etl ASwptsve NGoidaye acdrRinallt of

reference bias In |i1ne 124 corinected to the m croconputer” 98 and position

senseﬁiggﬁ i3S dd U ﬁpl feSePPAN1E gait-' verlefreaitequed khd Beyud se

driver the I ow noise anplifier 100 an e negative peak detector 104

for i r£89at T, \ i 124 ' f e
abov e e e g e BB ™ Croconpt o 88 The

CirCypbr pravsfdst eéo%h*&ghh;e ¥d $-6£CQi ¥eetientUitevdPs | $nehaving a
greater detail 1n Figure 6. The pulse driver 92 includes a pair of Series

conngchedoll kaptifE@ntel 43 &0 i 30 h &t £ £ WBYAté SEe@Ct YeEReJh2E R cARPULEY

positive battery termnal to apply a pul se output fromtheir interconnected
col |legtna péstition sensor 114 and a positive 5 volt supply in line 126

é;nnected to the pulse driver 92, the low noise amplifier 100 and
the negative peak detector 104 for bperative powering thereocf. The
bias line 124 establishes a reference above ground with respect to
AC signals within the microcomputer 98. .

The circuitry asscciated with the transmit-receive
circuit 102 is shown in greater detail in Figure 6.‘ The pulse
driver 92 includes a pair of series connected transistors 128 and
130 interconnected between ground and the positive battery terminal
to“appily a pulse output from their interconnected collectors to the -
transducer element 36 through conductor 76 as shown, when a signal
input of 200 Kiiz frequency from output port 94 of the microcomputer
is applied through resistor 132 co the basg of transistor 134 in

. order to apply a control bias through resistor 136 to the base of
transistor 128. The output from the interconnected collectors of
transistors 128 and 130 is gated by the gating signal applied from
port 96 through resistor 138 to the base of gating control

transistor 140 causing it to switch on periodically and apply base

12



transducer el enent 36 through conductor 76 as shown, when a signal input of
200 KHz frequency fromoutput port 94 of the m croconputer is applied
t hrough resistor 132 [err] the base of transistor 134 in order to apply a
control bias through resistor 136 to the base of transistor 128. The out put
fromthe interconnected collectors of transistors 128 and 130 is gated by
the gating signal applied fron1port 96 through resistor 138 to the base of
‘gating control transistor 140 causing.it to switch on periodically and
apply base 12 bias to the base:of transistor 130 to render it
condubiage to Thaepbase | afutrangiston L3¢ ttarendermift ianndictiveat sEhe
applied through resistor 142 to the base of control transistor 144, the
_colleﬁuésaﬁlmﬁuﬂ1$$9@&ﬁm&te¢qnttﬁéJaﬁﬂeraneomednr£5|sﬂ@o appﬁl&dﬂ
the base of ‘transistor 130 having an enitter conneeted to ground i-n common..
.. with througih teesistom ahs2stor $hi3(base ¢824, contrek hbrangisttoriel 441 etthiey
the ultrasonic transducer "36 are applied through® conductor 76 and capacitor
148 tQOﬁﬂuecr;m of whdwhi sisrcesfechetinéd dhenojgnctupki biehwekd0, reshstioro
galn and | ow noi se. by grounded adjust'abl € i nduct or 152' connected: by -
capac #6r ansy the thaseniaft dirarsisteri F1orhavingaznt ahidtemhsennected to
| evel by resistor 156. The output” col [ éctor of -transistor 150, to-which
bi as F5Pusge iirs ePPREBd witdmthe @MQI‘%M c'eraaszsnpmgmoasam 0t3468, is
~ applied to the base of transistor 162, tuned by neans -of - adjustable -~ -~ =
“inductor 164 corfRet echioy signals ode:ested bys: mtubtrasoma:rt:aam\ncexre
voltage bias is applled fromthe vol'tageé source 126 t hrough resistor 168.:

Furt h@p euslmypknedhtht@@gn/anﬂunnqnu7euanﬁecapabetbarl«ﬁ o dtise shase
162/b§¥n%ran515tor 150 in the low noxse ampllfler lOO,_tuned to hlgh
gain and low. nozse by . grounded ad)ustable lnductcr 152 connected |

by capacitor. 154 to the emltter of trans;stor 150 maintalned above'
'~3-ground-level by reszsoor 156. The output ccllector of transzstor
150, to which blas voltage is: applzed from. the 5 volt source 126:

through-resrstorslsa,rrs appllegitc thefpase of trans;stor_lsz,
-tuned"by.neans cf.adjustable'inductcr 164'connected by capacioor:
166 to 1ts emltter to whlch a. posxtlve voltage bias is applied from |

E :_the voltage. source 126 . through resistor 168.. Further_tunlng_ls_
e acnleved_by.tneioutput at”the~collect9:,of_translstor 162 being

applied to the. base of transistor 170, the emitter of which is

- connected throu??ecapacitor_lJQQFO;Q;Qrognded adjustable indqc;or

174 to- 'establish- La .:-Q of approgglya-te_ly .20 fo_;r.. the. low. ,_ncis_e__
amplifier 100, with a gain o£~approximately-100'ooo at ultrasonic
fredﬁencies; - The ampllfzed -and -filtered signal output at theh
-collectcr of transistor 170- is applied ‘to the base of transistor.

176 “‘forming ~a simple negative . peak detector and filter in
combination with its emitterubiasing-resistcr1178 and grounded .

13



applied to the base of transistor 170, the emtter of which is connected

t hrough capacitor 172 to a grounded adjustable inductor 174 to establish ‘a
Q of approximately 20 for the | ow noise anplifier 100, with a gain of '
approxi mately 100,000 at ultrasonic frequencies. The anplified -and’
filtered signal output at the collector of transistor 170 is applied to the
base of transistor 176 formng a sinple negative peak detector and
fi.lter in conbination with its emtter biasing resistor 178 and grounded
13 . capacitor 180. The output of transistor 176 at its emtter is
connected to the aforenentioned signal-input port 106 of the m croconputer
98 for analog-to-digital conversion and anal ysis. Such incom ng ultrasonic

RSO TVRAE Zniq‘riq HOPRES A oFFafeistogna 16, a8 ot aniBee EEn oF
about three inches. ved referencg §O

reggPPﬁﬁFé rF?ertg?r ?gghéngﬁepﬁaessfgﬁﬁ ngkgg§%%Fﬁea§§se°5fh@%fch i s
s it L e
e A Y PSS .npaﬁqéecrm%ﬁ%
il A NARERH e 9 AL e
RSN APk BB e i tirrfe&%gz' on

With continued reference to Figures 5 and 6, the
resettable driver circuit 112 includes transistor 182, the base of
which is connected by resistor 184 to the pulse driving cutput port
116 of the microcomputer. The output collector of transistor 182
iz ~onnected through resistor 186 to the base of power transistor
138 causing it to switch on and conduct current from the battery
terminal to the input terminal of the coil 58 through the conductor
68 as cforementioned.

The terminal of coil 58 is also coupled thrujh series
connected capacitor 190 and resistor 192 to the negative input
terminal of operational amplifier 194 of the position sensing
circuit 114. The positive reference terminal of amplifier 194 is
connected to the bias voltage line 124. Feedback for the
operational amblifier is establislied by parallel connected feedback
capacitor 196 and resistor 198 to detect signals from the coil S8,
bandpass filter it and amplify it 30 tinmes. A diode 200
interconnecting the conductor 68 froama the coil 58 to ground
prevents inductive kickback voltages from destroying transistor

188 of the driver once the coil is deenergized.
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. gen

connected to the bias voltage line 124. Feedback for the
operational anplifier is established by parallel connected feedback

capaci tor 196 and resistor 198 to detect signals fromthe coil 58, bandpass
filter it and anplify it 30.tines. ..~ A diode 200 interconnecting the
conductor 68 fromthe coil 58 to ground prevents inductive kickback

vol tages from destroying transistor'188 of the driver once the coil is
deenergi zed. 14 The m croconputer 98 interfaced with the t ransducer

Component -110; %%“gﬁlﬁ SR o f‘ff :%C%épe*?@*ea'ﬂﬁheﬁfgf SRR
var gLy, s ShER %ﬁ%?f%ﬁé‘ngagéﬁﬁsaﬁiﬁgﬁg?ﬁ%ﬁ% 308 B8 ne,

tran ducer gulse Si nals ' rt 94 . of th er, are

Hs3%o o8t dbtlEs A2 Wene CohBERERtRamedoan A R bRk <
4 I 96. I I b
tra I‘fﬁ BBerve cwfﬁ.rf{' mnﬁsog ra?%?#é“'ﬁ%r ?et%é%%?riﬁ@g 'eiaf%sﬁs
SubSRRRHeakS) aRe | FRTS A, (YHerSu8, tRFE, rafated il n HltienES o
St gkt PHiSg dener aber, I, ?\%ﬁl\ et P at e
i nt SFFOHATT oA cygl ntroI E)lg“l r.oUgL C?I gener |on ?fl%g&p%gamgngls
gtslégéea?rle?ﬁurék bé%zéysys{i ?rqr-'tehree ;I SO- "%%lr%zggoperat or(né)%?{.'?ﬁe ?n\s/feiélier |
4
126 %6 PRIt I'?)I‘-ﬂiﬁgpﬁ’” GrQUsiar| O GUiE | SidibPL) e POAL,

suppliad to port 96 The returning echo Signals Supplled by_

transmit-receive circuit 102 to the computer port 106, is fed to
an echo signal receiver 186 fron-whicn the echo 51gnals are sampled“
at 188 for subsequent analy51s A system timer 190 interrelates:-
with’ respect to time operation of the pulse generator 182 :s1gnal'

sampler 188 and an interrogation“cycle control 192 tlirough which

generation of gating 51gnals | :84 is controllably timed to gate’

the driv1ng pulses for the“transducer as aforementioned. 'The”

system timer also times operationmof the drive oulse generator 194
\/through which . pulses are supplied to the output port 116 of the
computer . for. supply of sxgnals to the resettable dr1ver circuit
112.  Position sensing signals derived from the posxtion sensor 114
with  respect. to the.“zero position of the?'transducer 'as
- aforementioned, is accordingly‘fed from port 118 to a zero posxtion

detector 195, a wave-form period deviation detector 197 and a

: calculator 196 for. calculation of the actual physical placement

characteristics of the target objoct relative to the ‘current
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112. Position sensing signals derived fromthe position sensor 114 with
respect to the zero position of the transducer as aforenentioned, is
accordingly fed fromport 118 to a zero position detector 195 a wave-form .
period deviation detector 197 and a cal culator 196 for cal cul ati on of the
actual physical placenent characteristics of the target object relative to
the current position of the transducer. The cal cul ator 196 al so receives
an input of ecno signal information as shown in Figure 7. The echo signal
information is extracted by the conputer fromthe echo signal receiver 186

app%\/&%&gbgngal ?5%?%%“ %%Sar a%rgéjtiggcézgwﬁl chq'adtﬁ'u is'mﬁ?s 1 i
conepl g bP gL J%nrulm nfdEpSEibAC S SHUM B I g%§9eesh0 M ses o1

pr edet®er m ned urat| repres pat " of the

comparator 198y ha_ Schd dij g%ovegﬂgééxex&’a{f’oﬁ Py'ﬁa‘é‘ti-ﬁic%‘éh% 2Qf ¢! *Hé?&tﬂl%%@' ch

|nvaI|d echo pu ses arer ore such echo pulses a e transm-tt

2. Pz Y454 | Gha" ¢ a8 8- CORR g%a&% e2avBia RIGHAY SAGr Hace! %es

signal pul'ses arising because o stem noi se sen

out SorRyECely AERaRTL, e @ﬁé‘%ﬁ#bﬂ%@?;??o?%%?m
‘;"yite HEFeL e S LRCR TP Sy ""%%F‘%éﬁ'e earhBEseH, M, %ﬂ%ﬁ‘l
i ot PREC R cuBihcag < Sf’" Spes et o £2t§§’gff’éﬁ*ﬁ%ﬁl}?sé :

COMARTRE 04 rafie g; %:ﬁ%ggtdrp@%bréébﬁﬂ'ﬁé ¥2188MahehS ! PReCBhtIE WUt Xhe
comparator 198 is accordingly applied to a pulse rejector 200
through which invalid echo pulses are removed before such echo
pulses are transmitted to a pulse overlap and noise compensator
202. The pulse rejector also removes signal pulses arising because
of system noise sensed by the detector §04 and zpplied to
comparator 206 for comparison with the sampled echo signal output
of sampler 188. The outpﬁt of the pulse duration comparator 198
is also applied to a reference memory 208 in parallel with the
output of the system timer and to a pulse amplitude threshold
detector 210 to which the sampled echo signal output is also
applied. .The outﬁut of the pulse amplitude ﬁhreshold detector 21C
enables the pulse overlap and noisé compensator 202 aforementioned,
in order ﬁo complete the extraction of invalid echo information
from the data supplied to the target location calculator 196
atore_mentioned, and trbm its calculated output through an echo

signal analyzer 212. The outputs of the calculator 196 and ﬁha

analyzer 212 will accordingly provide information as to the
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from the-data supplied to the target |ocation cal culator 196
af orenmenti oned, and fromits cal culated output through an echo signal
anal yzer 212. The outputs of the calculator 196 and the anal yzer 212 will

accordingly provide information as to the 16 | ocation and nature of the
target which may be read out on. the target information display 108
af orenenti oned. * In order to maintain constant oscillation of

t he transducer - through its sweep angle, operation of the pulse
generator 194 is controlled by drive adjuster 199 and directional control

- 201. laateoadjam enatQ¥e xaf ethehe:atget i which may pbéseeagbneutit eh i the
accordance with deviations in the period of the coil waveform refl ected by

out pmalsggbah.afbmatjm:mdmsplay ‘1068pafariementfiahedct i onal control 201 on
the other hand is determined by outputs fromboth detectors 195 and 197.
I n order to perflor maddef untdi omaiheadimnbecnstatitgresaililatibngurat 7, thae
conputer 98 is_prog[anned;in connection W th the scanning drive oper ati ons
per f tranisducerghthreuglectitsiagwier cangke56. ‘eperabéodr i of /| Shesorpulse
conponent 110 interfaced therewith in accordance with a program 238 as _
di agrgemeratart B8 4f iimy adatrobl efi hyrdriveradjarstiencl 9 canddddxestionak
transducer. el ement. 36 under. conputer control is forced to oscillate about
the vontral 2@ls SBrixe adjustar iIPFivVAries, the duratioan- ot cie gpulses
objects wi.thin a hem spheric zone having a range of apprOX|nater seven
f eet .gerfawatddt hat acobrdames cobtht devations: dor diepenibdgot &hscaoihg
sweep of the transducer elenment froma zero angle position
waveform reflected by output ‘signals from detector 197. Operat;on _

\/sof dzrectlonal'control-201~on'theﬂother handais:determinedypy
outputs from both detectors 195 and 197.. o
' 'Ih order to perform the’ funct:ons.herelnbefore dlagrammedp
in Fiéure'7, the computer $8 ESMprogrammed.inloonneotion with the
'a.scanhing driQeZOperatione berformed:through”the.electromagnetic
: driue:56"and'the'driver/seﬁgbrsoompoﬁent 110 interfaced therewith
in accordance WIth a program ‘238 as diagrammed. in the flow chart
of Flgure 8. o o
'*As.hereinﬁéfore*ﬁﬁdiCated,=the transducer - element. 36
under oomputer control ‘is forced o ‘oscillate about the-vertical_
axié”éé; as’ depxcted in Figure 5, ‘in ‘order to detect any objects.
: wzthln a hemlspuerlc -Zone - hav:ng a range ‘of approxlmately seven .
_feet. Toward ‘that ‘end, “the computer.sa,ls~programmed“to;beg;n_a_'
| scannznéﬁeweepﬁo}7tﬁe'trahs&uéefféfﬁﬁeﬂt'from a zero angle position.
of:the”reotorfSE“inuiigure5571n=oppoéitE_directionsw_.Initiatioai
.ofyeuoh'éiepiaoémehtvof_tﬁé:tfaﬁSducef“elementVis;indioatedgat:
startiéié“ih:thénprograu"floﬁﬁﬁhift?ofthqure?&. ‘Drive pulses of

variable duration are ‘generated;”as ‘indicated. at: 216 in Figure 8,
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of the vector 82 in Figure 5 in opposite directions. [Initiation of such
di spl acenent of the transducer elenent is indicated at start 214 in the
program flow chart of Figure 8. Drive pulses of variable duration are
generated, as indicated at 216 in Figure 8, 17 t hrough the transducer
pul se generator 194 as aforenmentioned in connection wth Figure 7 resulting -
in the pulsing of the electromagnetic coil 58 as herei nbefore described.
Measurenent of the field coil waveform produced by the el ectromagnetic coi
58, indicated at 218 with respect to period and peak anplitude, is
pethrough t theudiransgutcer ppudseedgéyeratopodioni ;s saforegqentiianad 1in as
her ei nbef ore descri bed supplied to the port 118 of the conputer. From

t heonpesitisin witbucFiguxeef ot mreswbtingenis psheor pad sing heo£onpheer

t hrough detectors 195 and 197, the sweep period is nonitored so that when

i t elecsqrmagnebicgeeilesst Asnharpiatefore descrihead | eiMdasurementao€d in
the deci sion bl ock 220 of Figure 8, the conputer stores the period and peak
anghet fdelhtqodl wavefemnfpraducedubymtite slectironagnesicoroih $Bgure
8. . Ti.me spaced peak anplitude data recorded by the conputer is conpared as
i ndngicated 284 238 oVdsh tRespectt tadjRenindt andr ARAK adppdddudeyg bs
drive pul'se generation as indicated at 216. Such adjustnents are nade in

or Ber fesmed Fhrawghnsianasaprogduesds Einthes BrsLELat, semsing i¢iarcwiter
through -the [err] arc in accordance w th the enbodi nent of t he

i nkdAtidh herelbeloper deascriked, sypplird.okai fdie, PPFt l&wesp Bhei od
as determ ned at decision block 220 is greater than the predeterm ned val ue
[ eFPPPUteaTduct iFFPM n BRSeranalysisct 8§ b§ushdeWayespsmyt MeRSUTENRRES

enabl ed by the peak -
performed by the computer through detectors 195 and 197, the sweep ~

period is monitored so that when it is equal to or greater than a
predetermined value P; as indicated in the decision block 220 of—
Figuré 8, the compuﬁer stores the periocd and peak amplitude data
of such waveform measurement as indicated at 222 in Figure 8. Time
spaced peak amplitude data recorded by the computer is compared as
indicated at 224 in order to effect adjustment through adjuster 199
of drive pulse generation as indicated at 216. Such adjustments -
are made in order to establish and maintain a constant osci..iation

of gﬁe transducer through -the 180° arc in accordance with the o
embodiment of the invention as hereinbefore described.
Accordingly, if the sweep period as determined at decision block

220 is greater than the predetermined value Py, a reduction in
power is'eftected by a delay operation 228 when enabled by the peak
amplitude comparison operation 224. Such power adjustment by the -
delay operation 228 is effected by the timing of drive pulse
generation at 216 which is therely requlated for power ggjustment

purposes as indicated in Figure 8. . A delay opefhtiqn_zzs also
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anpl i tude conparison operation 224. =~ Such power adjustnent by the del ay
operation 228 is ef fected' by the timng of drive pulse generation at 216
‘which'is thereby regulated for power adjustnment purposes as indicated in
Figure 8. A delay operation 226 also - adjusts the timng for the drive
pul se, prOV|ded t he sweep period of t he neasured: coil waveformis equal to
or greater than the value [err] as indicated at decision block 220, when
the drive pulse is hal fway through a sweep period-as indicated at deci sion
- bl-ock 230. 'In the event that the.drive pulse:is not at the halfway | ocation

 appr d s THER" SHELRE. £or CHER BRATE My " oy PARENERET Suddp per 08
e Tar S dlain R 2T B8 REGRH AE ALY R SFULUE KHA MG Wl |
- Provgs ol ushad NG ETER! o 85 PR S dlle U5 T el OBHe2 ¥ 10 it bs

ontl nue W Sse,
ener @ Ve ]
2 AT SPERRBLGR, oS SN HhrfAd e alegbhatibyg ggﬁﬁﬂr@%?ﬁgﬁgg' 83
a tyl%?%&%b V€0 &ﬁérhr'l%' q&hisé aj5vaby '&Wﬁ{@lhayéﬁape%mieﬁns |

as . measured-.for. exanpl-e when"t:he transducer el.enent. undeigoes [err]

d I
‘s TN %Ogu%e £ £od ANGhE meBSUriedent bASELLHSC repdat o

enbodi nent” of t Wien -t he transducer el enent:.reaches a 40

position, the pggkypqnt 'b%n% 62 1 e d LY 61968 33321 hag oriyc meARAent Ab SO,

the duration of the pul se 2362:hasdecreased from/[err] to-[err] as shown:

Qh/tsb&é %féngaﬁbta'ro%ﬁ.néﬂ‘@ h48NBAYaR| Qhefi’%ntwlwea@n%méuaelefy tﬂwf@@ek
the de51red motlon throuqh the 180' arc 1s attalned ; If_tnejpeak

amplltude of the waveform 1s lncreased by the proper adjusted
1ncrement, as denoted at deCleon block 232 1n Flgure 8, generatlon
of drlve pulses is ,contlnued : Otherwlse,_.power adjustment_
operatlon ls enabled.__ — | | B |

Flgure 9‘graph1cally lllustrates beqlnnlng of osclllatory
movement 1mparted to. the transducer element as reflected by a_:
typlcal COll waveform ;341 havxng relatively low amplxtude peak
portions 236, as measuredfforpexanple wnenhthe_transducer element
undergoes 10° displacement from the zéro angle position in

accordance 'with' one -enbodiment 'of the invention._ h'when thei.

transducer element reaches a 40' posltion, the peak portions 2362.
of the:qaveform.234z has,ingzaased.__nlso, the duration of the
' pulse 236; has. decreased from t, -to tz as shown. nt_the 60°

position of the transducer element the ampl i.tud-e of the peak pulse

portion 236; has further increased with a further reduction in the
pulse duration to tj. When normal motion is achleved,atfthe_SQ‘ﬁ_

'posltion-of the transducerielement, the peak pulses 236; of the
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portion 2363.-has further increased with a further reduction in the pul se
duration to [err]. Wen nornmalnotion is achieved at the [err] position of
t he transducer el enent, the peak pulses [err] of the 19 waveform [err]
have .achi eved maxi mum anplitude and mini mum duration [err]. The periods of

t he waveform duri ng novenent of the transducer between the linmt positions
of 90 fromthe zero position in either direction as detected by the '
position sensing circuit remains substantially constant at [err] as shown

i nwavpfer@. 234) haeecaehlievedr maximuny ampldictnude famd t hiénimans ducart idrenent
to be displaced beyond its Iimt positions, the permanent magnet el enent 74
engages Thiee periimds bafidtheopavaform durrisy movemeshtaofi theatradsducer i n
the waveform period to a value [err] as indicated with respect to the
wabaftween the [imit pbsihibasabgovohatromethacteby positiber inceditthem in
the pul se duration [err] and a further increase in anplitude of the pul se
peadxrdetidon Nos ndetamttiexh biy ttivet rpossihiom cemsdmg wililrcnd b eskmaddhsand
thereafter maintained as a result of the detection of the zero angle
posulistantiabiyt corsharst &tePpnasastiowne iaf fRiqupé dhe dmtthe esdntyith
t he rubber band stops at- the sweep angle limt positions of the transducer
el e ubseanyoeridencynfopl the anranstucerwelemehe seedpe ddisplacagt am
238. herei nbefore described with respect to Figure 8. Wen the transducer

apjreyaridsitts Miapit tiposi bionss thepermapeptsnagnet ehemgntaZkoangagese

coil 58 by a drive pul se swanps the position sensor 114 to nonentarily

di $hid erubseppbaad stofecusas cd fohementionede cawmindgiaa poeduétidon7imnd

the axis of coil 58 in the zero angle position of the transducer, as

af dhemwavefieum period to a value P; as indicated with respect to the
waveform curve 2345 which is also characterized by a further
reduction in the pulse duration t; and a further increase in
amplij:ude of the pulse peaks 236;. Normal motion of the transducer
element will be restored and thereafter maintained as a result of
the detection of the zero angle position of the transducer element
and the effect of the contact made with the rubber b;nd stops at
the sweep angle limit positions of the transducer element under
computer control in accordance with the sweep drive prbgram 238
here__inbefore described with respect to Figure 8.

When the transducer approaches of departs from ii':s zZero
angle pos.ition, energization of the coil 58 by a drive pulse swamps
the position sensor 114 to momentarily disable its operatioﬁ.
Because of the offset between the pole face 72 and the axis of coil
58 in the zero angle position of the transducer, as aforementioned,
and the momentary disablement of position sensor 114 the waveform

.period measurement is either lengthened or shortened by a small

amount depending on the direction of the magnetic displacing force



~and the nonentary di sabl enent of position sensor 114 the waveform period
measurenment is either |engthened or shortened by a snmall anount depending
on the direction of the magneti c di sptacing force 20 applied or the coi
energizing current. The conputer .98 is thereby able to predict through
detectors 195 and 197 the direction in which the transducer will be

di splaced fromits zero angle position to directionally control pulse
generation at such zero position as hereinbefore referred to in connection
with the functional diagramof Figure 7. Figure 10 is a program flow
char tapp:!ereottcmgtheheonaeselugezipql suarwientng p‘hegoammmsmh%atiaj thigtebhne
~sweep drive program 238 i'n order toeffect proper pulsing of the transducer
" el emahle fbo . pxsdxctnthﬂuugﬁrdeteatonﬂmﬂSﬂlanﬁuﬁﬁ% ta&Nqueation in
her ei nbef ore descri bed. “As shown i'n Figure 10,-the tini'ng program begi ns
- Wi t hwitioh e transdoced Willhbesdisphgeet fkrempdtst zerocoanglie posisdiarer
el enent through thé pul sé position sensing circui't 114 and det ector ‘195 ‘as
aforememmnsnxuonalﬂython&aaﬂs@m&se|genhra£nmnedttauoh aerphposdtdon as
posi tion as indicated by deci'si on bl'ock 242" in Figure 10, the transducer’
el emherdinbpeford zefiemdieshited iimy comaventt ion vith mnfumotnmnaén ddagztan
transducer el ement has stopped, as indicated at decision block 246; pulse
genenﬁlﬂﬂgurs Zhut. down as. i ndi.cated at .248 and the process repeated. |[f
the notion of the transducer element has not stopped, another pul se is
appl i ed..as. i ndi Bhgudeat ldeciis ore bl prégeas. Wilow t iehasttut ddepiotipgl s€he
gener ati.on when notion of the transdiucer “element” stops at its zero angle
p05|tmmmSQQQErepuﬂsthiming program coordinated with the sweep drive

\,,/

" program 238 in order to effect proper puISing of the transducer |
element for emissxon therefrom of the ultrasonic energy as.
hereinbefore described As shown in Figure 10 the timing program..
begins Wlth start 240 occaSioned by the sensxng of the p051tion of__

- the transducer element through the pulse position sen51ng circuit”
114 and detector 195 as aforementioned._ If the transduoer isi
determined to be at’ the zero position as indicated by decision
block 242 in Figure 10, the transduoer element is pulsed as
1nd1cated by operation 244. When the motion of the transducer.

'element has stopped as indicated at decision block 246, pulse
generation is shut down as 1ndicated at 248 and the process

| repeated. If the motion ot the transducer element has not stopped,
another pulse is applied as indicated at decision block 246.

with the shutdown of pulse generation when motion of the |
'transducer element stops at its zero angle position, a directional_”
' reversal of motion is effected through directional control 201 as-

indicated at 250 in-?igure_lo initiating the sweep drive program

238 as aforementioned. Such__'program is coordinated with the



reversal of notion is effected through directional control 201 as indi.cate
at 250 in Figure 10 initiating the sweep drive program 238 as :
af orenent i oned. Such programis coordinated with the 21 i nterrogat’ion -
cycle time control 192 and a dwell period time control 252 in order to
respectively regulate timng of the pulsing operation 244 and pul se

shut down operation 248 in order to coordinate the transducer pul sing

process with that of the sweep drive program As a result of the conputer
control programinposed on the pulsing of the transducer elenent and its

pataF T RTRETE | Srche g  SERRRL | 1o the B AuedoeRsied Fikpeq
AL T Y 0 SR ST B
andbrar £l E44 5 dnd oot 4% AEFaetm CoRFRRYAERG) T4k 18 CpreFncBilho
o CRemig e, Bhe”Bal NI o 8o prot iR 13 oHRRE B UHT AV88ELn

of gmiéw'égéf%ﬁs of the invention. Further since nunerous nodifications
and~c¢ and% ‘readily occur to those skilled in the art, it is not

Shoun and deshPi Bed e ok cEpy RoMpuRY <A Ee] FrodPAR: dutaed, an
eq!é' Vealpwgir@yop “hé Sé’I—éSQa&Serf gileyl%twakgi @ttsh%oiﬁ%e ucgdetzb ecénne/legii on.
of the electromagnetic drive 56, a detection envelope pattern is _
established as illustrated in Figure 11 hereinbefore referred to.
The location of any object 254 within the zone covered by the
detection envelopes 84 in the various anghlar positions as shown
in Figure 11, will produce echo reflections from target objects by
means of which the location and natura of such object or target is
determined by analysis of the echo signals received and transmitted
to the computer as hereinbefore described with respect to Figure
7.
_ The foregoing is conéidered as illustrative only of the
principles of the invention. Further since-numerous modifications
and changes will readily.occur to those skilled in the art, it is
not desifed to limit the invention to the exact construction and
operation shown and descrihed,. and, accordingly, all suitable

modifications and equivalents may be resorted to, falling within

the scope of the invention.
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22 . -23- The-renote target detection system described herein is also .
~described and clained in our copending application No. 2244332, from which
the present application is divided. = -24 - CLAIM 1. A renote target
detection system conprising a transducer though whi.chenergy conversions
‘occur, transmit- 5 receive nmeans fop periodically generating and receiVing
signal energy converted by .the transaucer, and scanni ng drive neans .

operatively connected to the transducer for scanning displacenment thereof,

the detection system further conprising stop neaps for, li.nting._the

scanni ng 10 Thﬁ:namnﬂan#ﬁrgﬁtt¢ﬁ¢%¢§#@%u€%§t?mdﬁ?%@f%?ﬁdgbeFﬁﬂhJf%fa

; predetegqggeﬁéga%myéawaﬁa dheIRed SRi Gub ceopendingi appiteatiompri ses an
-'el ectronagnetic col.l, an armature hgvlqg atngﬁgg%%étggheigagﬁvfaghjnnse
gener at Nog 2244332 fqm W RFR Heh@ RTeFIRT 3PP ergization

t hereof , -and -tthe 15 - - .det ecting system furt:her:conprissing neans for _

mounting the armature on the transducer. to .align the pote face.in offset

relation to the coil in'said zero position of the transducer, and position

sensi ng neans ‘connect-ed t'o t-he ‘scanni-ng-dri ve -means for detecting ~

engagement ‘of .the stop, . ... . oL T e

N
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means and arri val

angl e substantially constant. 30 3. A detecti Om SysS
ggéaékgin12, wherein said scanning drive neans conpri ses senS|ng

Claim1
means f
means coupled to said waveform neasurenment 35

devi at i

wavef or

10

15

20

25

30

35

form nmeasurenent, and further conprising data nonitoring
sensing means for detecting
ns [ vef orm measurenent while the transducer is
subst an i"al | ;/A &_eerdo%% qa?"%]?e‘-s %ﬁ%g%%?t?%%ter&nﬁo‘%ﬁ?b? 9nRans connecting
sau d daltaramdum r@o@nsvhmlpmmgemmver@mmcmrsatﬂaﬁeﬁﬁlﬁl-ng drive

sai gst rans UCGI’ %%%%% | FG%I on&gﬂ:ﬁifs%e%ggener ?é]%%ngggﬁ\g/enent °

r esponsSianad energeteanvertes hmetmvttmmcen, tam;d pecanuing t he
BRRS Hedii lopdrat ive &?ﬁﬂé&édsécf”&ﬁé CHandBdcsP 8BY preced' ng

claim 10 further conpr|5|n pul se contr
t r ansni ECPRRENGE JEplacenene dileredhy (e fRetection system further

means connected to

comprising stop means for limiting the scanning
displacement of the transducer from a zero position to a
predetermined sweep angle, wherein said scanning drive

means comprises an electromagnetic coil, an armature having
a magnetic pole face, and pulse generating means connected

to the coil for periodic energization thereof, -and the

detecting system further comprising means for mounting the
‘armature on the transducer to align the pole face in offset

relation to the coil in said zero position of the
transducer, and position sensing means connected to the
scanning drive means for detecting engagement of the stop
means and arrival of the transducer at the zero position
during said scanning displacement thereof.

2. A detection system as claimed in Claim 1, further

- comprising adjustable means controllably varying the

displacing forces in magnitude and timed relation to said
detection of the zero position and engagement of the stop
means for maintaining said scanning displacement of the
transducer through the predetermined sweep angle
substantially constant.

3. A detection system as claimed in Claim 1 or Claim 2,
wherein said scanning drive means comprises sensing means
for waveform measurement, and further comprising data
monitoring means coupled to said waveform measurement
sensing means for detecting deviations in period of the

waveform measurement while the transducer is substantially

of the transducer at the zero position during said
scanni ng di spl acement thereof. 2. A detection systemas claimed in Caim
1, further conprising adjustable neans controllably varying the 25 e
di splacing forces in magnitude and timed rel ati on to saiddet ect+on of the_

zero position and engagement of thepgtop means aid
scanni ng di spl acenent of the transducer t hr ough mmmngm.lﬂ'ﬁﬂmd svvgaep

L



generation of the signal energy in tinmed relation_te-said scanning :
di spl acenent of the transducer. 15 5. A det ection systen1as claimed in

any ‘preceding claim wherein said scanni ng drive nea cause
scanni ng di spl acement of said transducer through a s mm,"”mr”hﬂs t han
3600. 20 6. A detection systemas, clainmed in any pretedi nd' clsai W)
further conprising centering neans f§¥£b|a5|ng the transducer to a zero
position fromwhich the transducer is displaced by said scanning drive

means, - and ternminal neans for electrically connecting the transducer and
the 25 at abis®i zerecpositioansand. conarg t BERNSn CopReshing dadidred in any

precedi ngg 4l A We& aeaﬂssean bigedbk¥e aRaR g feandl ENgRid o displace

. the transducer rou Ehg sweep e arc. .and sai transm t-receive
 nmeans ar SCARRRHEEJAY évﬁumgénﬁhéof r sﬁgeaé&mgu@ﬁ%&tzaé:ﬂ@?a@%%f%

eni tted thorebyy §éaﬂniﬁ§”§15\ﬁameh€0QEVQa&Ba&&a@ﬂsanlé@ N@ha mm:m
receive return S|gnal energ sai d_transducer d % lt
conpﬁfmr@Fc%%%¢09eﬂ85ﬁ§eﬂoPuéﬁ§§r%ﬁ&ng BPERORELYPN &S §ﬁ#§:§é ection

rel ati onsh pehet deefat henscannthe gezhbdcetetheotvavaifdrt ansducer and the

puI5|ng of said transducer.
measurement.

4. A detection system as claimed: in any preceding claim,
10 further comprising pulse -control means connected to the
transmit-receive means for regulatlng the periodic '
generation of the signal energy in timed relation to said
_scanning-displacement,of the.tranSducér.
15 .5._d“A detection system-as'claimed in any preceding claim,
-Wherein'said-scanning drive means is arranged to cause
scanning.displacement-of said transducer_through a sweep
angle of less_than 360°. | |

20 6. A detection system as claimed in any preceding claim,
further comprising centering means for biasing the
transducer to a zero position from which the transducer is
displaced by said scanning drive means, and terminal means

-~ for electrically connecting the transducer and the

25 transmit-receive means. | ' '

7. A detection system as claimed in any preceding claim,
-wherein said scanning drive means are'arranged to displace
the transducer through a sweep angle arc, and said

30 transmit-receive means are arranged to pulse the transducer
‘such that signal energy 1s emltted ‘thereby, said transmlt-
receive means also belng arranged to receive return signal
energy by way of said transducer, and further comprising

_ control means for ensuring a'predetermined time |

35. ‘relationship between the ‘scanning displacement of said
transducer and the puls1ng of said’ transducer




