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! A REMOTE TARGET DETECTI ON SYSTEM The present invention rehg&gglggeQa.,_
. . e S I e
renote target detection system for exaqple, for use with robotic
systens, nobile security andsinspection platfornsidecoys and the like.
Presently known object detection systens include an array of multiple
ultrasonic sensors fixed to a nobile 10 pl atform or vehicle body. Each

- sensoif’}s pul sed or driverAiREMOTE TARGERODETEGNEONYSYETEMN a detection

zone and reflected ultrasonic echoes are recorded and anal yzed through
m croconputers interfaced with the respective sensors through mnultipl exer

electronics.'V%il@hégﬁpegént §*§3ﬁ€§°ﬁr£e§é§§§f%ﬁgﬁfggm?§%§$§%%%§=to sone

degree, they are expensrve to I nplenent expensi ve
- nul tipl exer ddesdtoohCSysY6h, Deopt ekampllel 0 foR0UdeN G EhS robdtikat hs for
proper analysis of all incomng reflection signals and timng data.

Accor di iyl y,s¥skemsp mobileaseauritenend bbppectdonepliadpforms: cdeasiys he
type invol ving, p ura% gensors fixedly nounted on a platformare severely
limted inaﬂﬁh' %.i A 8y cost so as to be confined to | aboratory use for
test purposes as distinguished fromw despread use in practical 25
applications. Myvabl e scanning types of ultrasonic sensors- -have al so been
proposed for renoPeeséntiy Enbwntobjesysfetectiod sylstems fincledemEre in
U S. Patent No. 4,805,155 to 30  Shiraishi et al. According to the
Shirai shi etd&FapPEnruliiplasyltrasenbryseaspgsafdied, the dabddi® on on

its 10 platform or vehicle body. Each sensor is pulsed or driven
U . to emit ultrasonic energy within a detection zone and

reflectedrtltrasonic echoes are recorded and analyzed
through microcomputers interfaced with the respective
'sensors through multiplexer electronics. While such

15 systems are effective and successful to some degree, they
are expensive to implément. Additionally, relatively
expensive multiplexer electronics must be utilized to
coordinate signal paths for proper anélyéis 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
seﬁerely_limiféd in application by cost so as to be
confined to laboratory use for test purposes as
distinguished from widespread use in practical

25 applications..

Movable écanning types of ultrasonic sensors have also
been proposed for remote oﬁject detection systems as
disclosed for example in.U.s.: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 360 and consists of three separate transducer elenents
angul arly spaced fromeach-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 neasures nust be taken to conpensate for
noi se signals injected into echo signa2s. The noi se conpensation measur es,
i f successful to any acceptable degree, .involve conplex circuit Aﬁr

moditficatl ﬂﬁh'f-x'l&hb?ﬁﬁgb't’ ”Eﬁdlr e?ﬂsistﬁgoﬁwaéée SEPEFL 8 fﬁ/&ssaeaéter '
systens nore costly an a rm fixe sensor systens
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scanni ng di spl acenent thereof with m nimzed noi se generation.
an enbodi RFRANRIRG XYPEnFANI% SRS | BOTR oFPAELY ‘&Hﬁnt W@%M‘FW‘HH ve
nmans i arfoegEdtypedbsphangorhsystansda€orenbhoighed. SWeep angl e arc.

Preferably, control
According to the present inven_tio_n_' there is provided a \.J

remote target detection system having a transducer through
which energy conversions occur, and tranémit-receive means for

15 periodic generation and reception of "signal' energy converted
by the transducer, the detection SYStem further comprising
centering means for biasing the transducer to a zero position
from which the transducer is displaced by scanning drive
means, and terminal means electrically interconnecting the

20 transducer and the transmit-receive means through the
centering means for effecting emission and reception of signal
energy by the transducer during scanning displacement thereof
with minimized noise generation.

25 In an embodiment only a single transducer is provided, o/
and the scanning drive mans is :érranged to displace the
transducer through a sweep angle arc. Preferably, control
means are provided for ensuring a. predetermined time
relationship between the scanning displacement of said

30 transducer and the pulsing of said transducer by said
transmit-receive means.

In an e_mbodiment, ultrasonic energy is emitted within a
detection envelope from the single transducer for remote
35
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nmeans are provided for ensuring a predetermned tine relationship
between the scanning displacenent of said 30 transducer and the

pul sing of said transducer by- said transmt-recei:ve neans. In an

enbodi ment, ultrasonic energy is emtted within a detection envel ope from

the single transducer for renmote 35 objz¢ct detection purposes based on
the pfgnciple of echo rangi ng wherein a powerful pulse of sonic energy of
short 5 duration is emtted and directed in certain directions by the

~transducer whbdbctheletestinos fpurpeskeesoasdd eohetttd Oprankapyat ¢ t BeRot he

detect i ) d ' { di_st di t d f
he tar gt oBLRBEng) VAL Go B ERRoAUIAR. 9ECBPDLE BPeTey dohgPBoTt

transduc®r dduragiovaisi egitied andndiredted dof dervain dérectidns by ©@Red

platform agaiRakgd in [ f [ whi ch_.als ct.as
conductors for pul télggglc%?\ﬁﬁ%u?lrléﬁt . s%v%n%et%ng&?ﬁ%e?r 5&5338%?%&&%{“ a
transmt- retdrgetcwithilin the dedectdemgnetic scanner drive inparts
oscillatory notion to the transducer for displacenent thereof through a

sweep angle arc of less than [err] 10 according to one enbodi nent, by
magnetical ly generated forces varied in accordance with the |oading of the
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el ectromagneti c scanner drive at the zero position of the transducer anq at
sweep angle end positions as detected by a position sensor associated wth
the el ectromagnetic 15 scanner drive. Such variation in the displacing
forces is effected under programmed conputer control in order to maintain a
relatively constant sweep angle thoughwhi ch the transducer is displaced in
proper timed relation to the pul sing of the transducer by the "
transmt-receive circuit 20 for ultrasoni ¢ em ssion. An enbodi ment ot he

i nvention | de I I sSQpi e qf._object detecti.on sysiem
capabl e oféq%‘;ear/ %énﬁ% ?ﬁgﬁ%%#l {c:)fﬁg ?%gia%%ge gﬁf?&#ﬁ'\?@ aé’épﬁ’(?fﬁ‘ﬁ%ﬁ ‘2%3
and reli ahiie nedrgét dBjEdEl $b0aatetEadi MBlkNOkchbes! AYe ek Y 'ﬁ? a
renpte object detection and avoi dance systemutilizing a novabl e scarhi ng
type of plthd mingbameansducesodurisgnscanfiing displgesmentitidrendi ds
t he noi se probl ens and cost solutions usually associated therewth,

whi ch has tDFFTEC | PAF :,ggpﬂPiEaP BhIgrms ggadpstethe CRRIOTING s Ff
th | Vet d i J, | [ ' exanpl e,
w T o et GE! ptulle WRECH BRLLCHCE B8 EBRBLERSTS Bor Bhide U el o

| i ke part signalighactentinflow bétwden thguttahsdacarpahdpac itréhamayL
showi ng a platform 10 nmount ed ul trasoni c transducer assenbly constructed
i n accor d&ReeiYe e thboMReRlegtronagpesienscanpent deive imparts

oscillatory motion to the transducer for'displacement

thereof through a sweep angle arc of less than 360°

10 according to one embodiment, by magnetically generated v/
forces varied in accordance with the loading of the
electromagnetic scanner drive at the zero position of the
transducer and at sweep angle end positions as detected by
a position sensor associated with the electromagnetic

15 scanner drive. Such variation in the displacing forces is
effected under programmed computer control in order to
maintain a relatively constant sweep angle though which the
“transducer is displaced in pfoper timed_relation to the
pulsing of the transducer by the transmit-receive circuit

20 for ultrasonic emiésion. . W/

An embodiment of the invention provides a low cost
ultrasonic type of object detection system capable of
performing its functions in a more effective, economical

25 and reliable manner.

An additional embodiment of the invention provides a
remote object detection and avoidance system utilizing a
movable scanning type of platform mounted ultrasonic sensor

30 arrangement which avoids the noise problems and costly



Figure 2 is a longitudinal section-viewtaken substantially through a plane
I ndi cated by section line 2-2 in Figure 1. 15 Figure 3 is a section
vi ew taken substantially though a plane indicated by section line 3-3 in
Figure 2. Figure 4 is a parti‘al section view taken*substantially through a
pl ane indicated by section line 4-4 in Figure 2. Figure 5 is a schematic
bl ocksglhagram il lustrating the 20 control system associated - with the
transddCer assenbly shown in Figures 1-4. Figure 6 is a nore detailed
circuit di agrsolwticonseusially assponated thegesith] whithgWwas 5. Figure 7
Is a functional block diagramillustrating 25 the operational features
associ at ed wihere¥eforer bivkped cpraligatiiapdofnsprhusystems. Figure '8 is a
flow chart diagramm ng the scanner drive program associated with the

m croconputer depicted in Figure S. Figure 9 is a graphical diagram

of the signal cheiiedehéhtsCssotnbNBriabhdehvantatniiad Vet R Ald0n
~of the scanner drive illustrated in Figures 5 and 6 in accordance wth the
program d agreemdescnibedurby Swa¥i gir exdfiple, awlithwrelfarenae tHee ttheansducer

pul se tim ng program associated with operation of the transducer in
“relation to t éhEFHWﬁﬁgd?F§§iB%§raVPgﬁ?iFiQ&FG pymeral sgrafermtd Yike

det ection en%%%ﬁé@ﬁ&ﬁ@?daﬁd 2R aRL8A: of ul trasonic energy fromthe

t ransducer

Figure 1 is a perspective view showing a platfofm
_ 10 mounted:ultrasonic 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.
Figure 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 illuétrating
25 the operational featuressassociated with the microcomputer

diagrammed in Figurels.
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~in accordance with the arrangenment and operations illustrated and " :
di agrammed in Figures 1-10. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT

Referring now to the drawings in detail, Figure 1 illustrates an
el ectro-acoustic transducer assenbly generally referred to by reference
nyneral "10 whi ch i ncludes a tubular sing generally referred to by

reference nuneral 12 preferably nmade of a plastic material and adapteQ&to,
be fixedly nounted on sone platformbody with which a renote object ‘
detection systemis associ at ed. The tubul ar housing 12 includes a pair of

sl ot formati opgglireexd e0di B9 F1WI éndlEbablingramiihglceheeseadifst drive
relationship to each other, termnated at a front axial end of t-he housing

by peigr#hcagebbiatidd vt Uehe RAGrRRUnipliter tdépictda Wn! IF idier&ns.,
portion 18 extending |ongitudinally beyond the end portion 16. The rear
end portion oFigad ubsl aishousi ngraphdralsi t@iageam ordf endhies  refgaaed to
forma flat wall section 20 interconnected with the remainder of the

t uzharadberisgics cafjhthessolldvages | agsotiated? wHtls hoparatiengwe €heThe
rear end of the housing assenbly as shown in Figures 2 and 3 is closed by a
coaganpebecirivepidlustiratediiia Figuras iSend Sedin paeandance eithatheal |
portion 20 and the generally tubular or cylindrical portion 26 of the

ho ¥ ogr am sdiBgyammed tidr nf i@ureofimect or plug 28 is nounted by the cover
menber 24 through which el ectr.ical conductor connections are estab]ished
between the t FAR¥&&cd0 dfantfilpw chart ief thatkvansducer pulae kimtagin

detail hereinafter. . N \ . .
program associated with operation of the transducer in relation to w

the scanning drive operation.

Figure 11 is a diag:ah of the detection envelopes
established by emission of ultrasonic energy from the transducer
in accordance with the arrangement and operations illustrated and
diagramméd in Figures 1-10.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

Referring now to the drawings in detail, Figure 1
illustrates an electro-acoustic transducer assembly generally
referred to by reference numeral 16 which includes a tubular .

housing.generally referred to by reférence numeral 12 preferably ~
made of a plastic material and adapted to ba fixely mounted on
some platform body with which_a.remote object detection system is
assocliated. The tubular housing 12 include_s a pair of slot
formations 14 extending longitudinally in 180 degree spaced
relationship to each other, terminated at a front axial end of the
j housing by separate confronting arcuate end portions 16 and 18,

with the end portion 18 extending longitudinally beyond the end
portion 16.




%he tubul ar housing 12 of the transducer assenbly has a pair of stop
bl ements in the formof rubber bands 30 anchored at opposite ends to the
nousi ng, bridging the slot formations 14 as nore clearly seen in Figures 1
and 3. The slot fornmations expose |ateral portions*6f a generally
Cyl indrical transducer support nmenber 32 hgving a rear end wall 34 as shown
SN Fi&ﬁpes 2 and 3. An ultiasonic transducer elenent 36, of a well known
construction, is fixedly nounted within the transducer support 32 with its
energy emtting and receiving face 38 exposed through the opened front end
pf the tubul ar AR FgatsesdonRertionppf thectubrlagphansingglal eppesd te
are threadedly mounted by the tubular housing in alignment with each other
t o esthBl i SRt oeRd o  kBGessedpckPentPEl| A | frdkscdalhg seckiahsRG

to the Longitudinal  axis of the tubylar housing 12. Bearing supported
pi nt CNEETFOMNECERd Wikh, SNe FERALAGRENGE (e | FURNAAZeMauBERT! thraugh

o acBOARBERE Bl BT LA 15 9e (aFVECEh FAANER A o Thechenr 6na s the
ol omoRPUsAgS ARARTREY A8 hovR G i BiEhn . Sndin e Eheser BY: & GRYSS
0 SFRREAE M0 kol S SR80 AR ERR Wl 85y oEnl1S
the t UBRaPIscInGeby Aok e Maa R 35 Milnar SUE BRT3rcH ROEL pETNOn
&9@%3?%f O tHRNRELE T hg 2asdBmbAY. M NA éEi'ﬁWﬁaio 85Anbt¥ed YplGynisg is
mounted by the cover member 24 through which electrical conductor

connections are established between the transducer assembly 10 and
its control system as described in détail hereinafter. |
The tubular housing 12 of the t:_rans.ducer assembly has a
pair of stop elements in the form of rubber bands 30 anchored at
opposite ends to the housing, bridging the slot 'forma_tions 14 as
more clearly seen in Figures 1 and 3. The slot formations expose
lateral portions of a generally cylindrical transducer support
member 32 having a rear end wall 34 as shown in Figures 2 and 3.
bAn ultrasonic transducer element 36, of a well known construction,
_is fixedly mounted within the transducer support 32 with its energy
emitting and receiving face 38 exposed th__roﬁgh the opened front end
of the tubular housihg -as shown. A pair of clock type bear'ing
elements 40 are threadedly mounted by the tubular housing in
alignment with each other to establish a rotational axis in
-perpendicula: intersecting relationsh_ip to the longitudinal axis
of the tubular housihg 12. Bearing supported pintel elements 42
are fixed to the cylindrical transducer support 32 in bearing



14

t he housi ng assenbly by neans of a transverse nounting wall 54 internally
di viding the tubul ar housing assenbly 12 into a front chanber enclosing the
transducer elenment 36 in its support 32 and a rear chanber encl osing an

el ectromagneti c scanner drive generally referred to by reference nuneral

56. The scanner drive 56 as shown in Figures 2 and 3 includes an

el ectromagnetic coil 58 -nmounted withi ®@n annul ar space forned betmeengﬁm

i nner tubular core formation 60 and an outer cylindrical housing fornmat*on
62 projecting axially fromthe nmounting wall 54. Opposite ends of the

eLenitadEB Ay Ctﬁ&%%eggéﬁ%eﬁ%ﬂ%sﬂﬁd)é’aé SRewa! fn%i@iﬂ-e&% &y AU gt ed

si gnal conductors which extend 1nto the el ectrical connector plug

28 cbninmdiRitd Mc&heiangglfrqwi%méés iU A B0l Y sp i RRlenfthtt G f Néhe

el ectromagnetic coil 58 thifough the conductors 68 and 70 to produce a

mMgradisducer fd Rdmlenti g8cabvuththel PogaitiGndl #xXis éHtabaishieds iv\ethe
tubul ar core formation 60. As nore clearly seen.in Figure 3, the

| begiriing el ementst AoQugh the inner tubular core formation 60 of the _
scanner drive 56, is disposed in axially spaced, offset relation to the end
face 72 of Refermingt hew nogndligitkrds x&d aad h¢,endachl o84 tiet wub
transducer support 32 in a zero position of' rest to which it is biased by

t pertdlonslof pthaegbeheing pidftaX cekementsnd@. amchay zend oportitdres obd | 58
of the scanner drive .56 by flow of current in only one direction wll
pedduecepairepd helicalneenteung: springsod&.he Thendiekicalx spriingsg
face 72 of the permanent nmagnet 74 to initiallz exert a pushing force on
t whichananecamad® of an electrically conductive material such as

steél, have ends 48 anchored to the tubular housing through ~
threaded terminal screws 50 and electrically connected to
connectors 52. The terminal screws 50 are fixedly mounted within
the housing assembly by means of a transverse mounting wall 54
internally dividing the tubular housing assembly 12 intoc a front
chamber ehclosing the transducer element 36 in its support 32 and
a rear chamber enclosing an electromaqnétic scanner drive generally
referred to by reference numeral 56. '

The scanner drive 56 as shown in Figures 2 and 3 includes
an electromagnetic coil 58 mounted within an annular space formed
between an inner tubular core formation 60 and an outer cylindrical
housing formation 62 projecting axially from thé mounting wall 54.
Opposite ends of the electromagnetic coil 58 are connected -'by
terminals 64 and 66 to insulated signal conductors 68 andm7o which
extend into the electrical connector plug 28 aforementioned.
Electrical current is accordingly supplied to the electromagnetic

coil 58 through the conductors 68 and. 70 to produce a magnetic



in a counter-clockw se direction, for exanple, as viewed in Figure 3 to
ef fect displacenent away fromthe coil face. The offset relationship of
pole face 72 to the axis of coil 58 in the zero position, insures suych

count er -cl ockwi se di spl acement and enabl es the dataprocessing system
hereinafter described to properly predict and detect the direction of
diSpléﬁgnent of the transducer. D splace t of the transducer about the
rotational axis of its support through the-bearing elenments 40 will be
limted in opposite angul ar directions by engagenment of the bar nagnet 74

wi th the rubber band stops 30 as the bar magnet 74 is projected th Oﬁgi t he
sl ot f3%d¥ rykigneds witd tapleRgitydinat a% soﬁﬂé’a‘ﬁz’ bFaGednier LEURBEAL )
springs 46 wll tend to return the transducer 36 to its zero position as

sﬂowﬁ qPEf?ﬁF%t?°an&qm N alsohestablish el ectrical connections between
3 g . Lol d
t78€ci):1ﬁ2fs:t ed' 1 ABHBOTE: a%%gﬁs?vnggsg&%% %ef%ﬁ%ﬁﬁéﬁ‘%%ﬁ&?mn
. e | | : - ! o
i?ﬁh&&!{eﬂ@ gfﬁﬁd Ifieh UEfRR Rk fERRBILATEY, |°pﬂ]§"§8§ﬁi‘r’*o'ﬁg grie
Ther A4 ormn A iEeasin 6O aREAIY. bdcla  FEERUE FaBIEH (O(eRd 8rU°Face
conveyd edle | 8! Rehiifldpé bad! HiHnd¥1®qY (AXWH X S0ehe |dify WALLCLI $YSE CEhe
i C he transduc se q ,

with
her ei

transducer assenb

er as y 10 is assocl ate to be described

Asdutfr IShpidortRei £1 n"G NP¥rbO pbisdico® b R¥dd Ctbawhildle it is
l'y~10 is shown connected through connector plug 28 to the

af Qr (e PNEByCONER®! RBIHFADENgpRling I cébenaftiso by6r caforementioned.

U

Energization of the coil 58 of the scanner drive 56 by flow of
current iﬁ ohly oneidirection will produce a repelling magnetic
force Sctiné on the magnetic flux emitting face 72 of the permanent
magnét 74'to initially exert a pushing force on the transducer 36
in a counter?clockwise dirgcticn, for exampie, as viewed in Figure
3 to effect displécement away from the coil face. The offset
relationship of pole face 72 to the éxis of coil 58 in the zero
position, insures such counter-clockwise displacement and enables’
the daté processing syétem hereinafter described to properly
predict'and detect the direction of displacement of the transducer.

| Displacement of the transducer about the rotational axis
of its support through the bearing elements 40 will be 1imited in
opposite angular directions by engaqement‘qf:the bar magnet 74 with
the rubber band stops 30 as the bar magnet 74 is projected through

.the slot openings 14 of the tubular housing. The opposite biases

of the helical eprings 46 will tend to return the transducer 36 to.
its zero position as shown in Figure 3 and will also establish

electrical connections between the transducer element 36 and the



nuner al 30. The transducer elenment 36 is pul sed through the control
system by current conducted thereto through the aforenentioned :
conductor 76 in order to emt ultrasonic energy in one direction denoted by
vector 82 within a detection zone denoted by envel ope 84. According to one
enbodi nent of the invention, the detection zone envel ope is established
during an interrogation cycle of-approximately 11.36 m | i seconds durigﬂi
whi ch any object or target within such W&t ection zone will effectively™
reflect ultrasonic echo energy to be received by the transducer and

congisifxht&d Ce PeELHiicadl comduBtdrfTeETandd 8 [uonidceeddusithie Getninag
control system 80. Also, according to such enbodi nent of the invention,

t he agitsting satewipes64 testwibichhehea sl beal osprdiae ellenentes 486arkr om
its rotational axis 88 of wup to approximtely seven feet which is -

mai Rictineck édbasaalfioddmernt koned. | Thei el ebtirigaktacbnduictaranizZé and 78

I nterrogation cycle. Further, the detection envelope 84 illustrated in

Fi gallsch éxteadrointomthectconniectori plug 28 prtiniowdtel yhiehdesiessridatlh
continued reference to Figure 5, the transducer elenment 30 scans a

det parlises z @re sueonducked ytgr ether thansdugernedenantd fora ehhgsbon
detection_envel ope_84 by di splacement of the transducer el enent 36 about
itsﬁhﬁﬁﬁf%ﬁﬂ]°§xﬂ§t8959ﬂ*ﬁuﬁP%F§Mw§ﬁﬂdﬁ%?@“ﬁh WBIEh FRtWOY erlpessare,ch
as 180 degrees,as shown. Suych_scanni ng novenent of the transducer is '

ef f CANETRRANSBES A LEFELERINS 1IN RRPFEYHISUAYTFRAbF 9 F e FeBETPROm
R G L WE LRI~ P NG A
described hereinafter in detail. ' | s
Referring now to Figure 5 in parﬁicular, the transducér
assembly 16 is shown connected through connector plug 28 ta the
aforementioned-control system generally referred to by réferencé
humeral 30. .The transducer elewment 36 is pulsed thrdt;gh the
contrel system by current ccnductgd' thereto through. the
aforementioned conductor 76 in order to emit ultrasonic energy in
one direction denoted by vector 82-within a detectidn zone denoted
by envelope 84. According to one embodiment of the invention, the
detection zone envelope is eétablished duriﬁg an interrogatioh\J
cycle of aéprqximaéely'll.zs milliséconds during which ﬁny 6bject. -
or target within such detection zone will effectively reflegt
ultrasonic_ echo energy to be :eceivgd. by the transducer and
converted into electrical energy transmiﬁted through éonductor 76
to;the control system 80. Aiso, according to such embodimentfot
the invention, the detection envelope 84 establishes a detectioh
range distance 86 from its rotationél axis 88 of up to

approximately seven feet which is maintained_substantially tixéd



11 diagrans the detection envelope 84 at a plurality of sweep angle
positions to which it is displaced corresponding to the beginning of each

i nterrogation cycle characterized by a pulse applied to the transducer of
approxi mately 250 m croseconds duration. Electrical drive pulses applied to
the coil 58 are varied in nmagpitude and timng to. achieve and naintain
‘the dégghred operational relationships qg ween transducer em ssion and
position in response to detection of the zero position of the transducer
and its sweep angle end positions |limted by engagenent with the rubber
.band stop el enents 30. Pul sing of the transducer elenment 36 to effect

em ssi dm ttimes eduningokeaah tudsrasoniendéngerrcgatcivreveyiclehr ofyrtivex, cthe
76, the electrically conductive centering spring elenents 46 and a pul se
dri ver deteiat ion remeel bpec8di \id laistrated OknuRiigureoht hais af maxigsum sector
produci ng signals and gating signals applied thereto from signal output
ports QdimensB®h obfaappraxtimately 20. dggreesi.gnal s derived fromthe
rtransducer elenent as a result of reflections fromobjects. within the
‘detection zone, Withaeentinuedi (xeferancegte h&iguna ap sphhegsransineer
46 and conductor_ 76 to a noj se anflifier 100.in the transmt-receiv

o ou eIRBRRITE: cigPre & SkeLlgnarong, BuRaa e b sressan aek
ot skemganeed RYH 3 Enghhl He i on n Ve iR Hhiny aiBBIAE e Rt
T rom wiiieh SXARRLuSRE RIaRerEn s anskt ¢ SFRERRARIAY Sl d] 48, SHESIA o
PRI & 9P"1 400 enkACS BE' BdgkRESS' 3URY oY 160 UL dSBNSNAY
Such scanning movement of the transducer is effected py angular

displacement in opposite directions by 90 degrees from the zero
position shown 1in Figqure 35, in response to pulsing of the:
electromagnetic coil 58 of the drive 56 as aforementioned. Figure
11 diagrams the detection envelope 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
(U drive pulses applied to the coil 58 are varied in magnitude and
timing to achieve and maintain - the desired operational
relatiohships between transducer emission and position in respodse
to detection of the czero position of the transducer and its sweep
angle end positions limited by engagement with the rubber band stop
elements 30. Pulsing of the transducer element 36 to effect
emission therefrom of ultrisonic energy is achieved through
conductor 76, the electrically conductive centering spring elements
46 and a pulse driver 92 in a transmit-receive circuit 102 under

" control of pulse préducing sighals and gating signals applied



nature of the detected target on a display 108. Such anal ysis of the echo
signals by the m croconputer is of course dependent upon its tine
relationship to the pulsing of the electronagnetic coil 58 and detection of
the zero and Iimt positions of the transducer during its scanning
di spl acenent as aforenentioned. Displacenment of the transducer and
det éction of the positions thereof isj{gghieved through a scanning driveyand
sensor conponent 110 as diagramred in Figure 5. Conponent 110 include§¥§
resettable driver circuit 112 and a position sensing circuit 114,
The el ectromagnetic coil 58 is connected to through the resettable driver
circthérdts Frodu =iqhal coutputnpdreedurctlrd 686t 8£2 aPH it anpltayt bel,
port 116 of the m croconputer. The transducer position signals are
det eBxdieol BYiginal podetriveds efromother transdiicet seleadict 88 a0 ¥eshl1€3of
t hrough conduct or 68. The position sensing circuit 114 is connected to
a posefleatiopsal fioput opjectsl8withtine ther odetpotdon Teenagnt agle sgisom
80 further includes a source of power in the formof a battery 120, the
positrarspittede tharonginl the hieldkals sparings cell emenke ds a&ndibtenducter
circuit 112, the pulse_driver 92 and to a voltage regul ator 122. The
vol tHgetPeduinfisze 12mppAdiiedesl QQwinuthet transmit-vecdivieeaincuitel02.
inctuding a_1.8 volt reference bias in line 124 connected to the
ni criR® e bifdgd, aehn Signals axerfed stana Regative Park cletectprylpd
line 126 connected to theuyulse driver 92, the |ow noise anplifier 100 and
t he Heddt® VErPBERIFRAQAVE RAFSH1IBpEraR; YBighnan eutnt cbs apptiedato
l'ine lZ% establisq?s % ref%re ce ahove ground with respect to

an 106 of t T

nput por e microcomputer 98. he signal data \J
received through input port 106 of the microcoﬁputer is utilized
to analyze target objects from which echoes are reflected and
perform cther functions, in accordance with programming algorithms P
including the display of.information'regarding the dist&nce and
nature of the detected target on a display 108. Such analysis of
the echo signals by the microcomputq: is of course dependent upon
its time relationship to the pulsing of the electromagnetic éoil
58 and detection f the zero ana limit positions of the transducer
during its scanning displacement as aforemgntioned. Displacement\;)
of the transducer and detection of the positions thereof is
aéhieved through a scanning drive and sensor component 110 as
diagrammed in Figure 5. Component 110 includes a resettable driver
circuit 112 and a position sensing circuit 114. The
electromagnetic coil 58 is connected %o through the resettable
driver circuit 112 and the a:orementioned conductor 68 to a pulse
signal output port 116 of the microcoﬁputer. The transducer

position signals are detected by the position sensing circuit 114

also connected to coil 58 through conductor 68. The position



AC signals within the mcroconmputer 98. The circuitry associated with the
transmt-receive circuit 102 is shown in greater detail in Figure 6. The
pul se driver 92 includes a pair of series connected transistors 128 and 130
i nt erconnect ed between ground and the positive battiery termnal to apply a
pul se output fromtheir interconnected collectors to the transducer el enent
36 thgsough conductor 76 as.shown, when a gnal input of 200 Kfz frequency
from dWt put port 94 of the nicroconputer‘&gmapplied t hrough resistor 132 to
the base of transistor 134 in order to apply a control bias through
resistor 136 to the base of transistor 128. The output fromthe

i nterconnected collectors of transistors 128 and 130,is gated by the gating
si gnal Sappined Fiemvbsr i1 196 i%r%tjﬁef%Sﬁst"-@r a 3positine Ea-gé'%'# iBapPufgport:
control _transistor 140 causing it to switch on periodically and apply base
14 bi ad1BoOh &N GFOCPRRNE@Yyr 130 to render it conductive. The pul se

I nput signal at port 94 aforenentioned, is also applied through resistor
142 to the base (ﬂh%oﬂ?F‘BFer &H?tﬁ“braolﬂ?rttq%r c‘d'FcPJé'@Qﬁ ¥ SQHFER P power
connected to the uncture bet ween resistaor 146 and the base of transistor

- 130 ha&Pn&QﬂlgﬂF R T cBnRARERTY 0 1800urkh® nPOS 8\ YPL tAgee e minals of
oo e 18 S R épgé‘xaﬁ'r {5308, putse
bace, Chr iR o) hpd e e RIS BoRRaAEE LS. Shnel VAT Rl EE e
154 t01599ﬁ¥BJEJZsOEwEr%H%ﬁﬁé"v&?gaaﬁ'”%@'H%&f%@%ﬁt levels including a
~ 1.8 volt reference bias in line 124 connected to the microcomputer
98 and position sensor 114 and a positive 5 volt supply in line 126
connected to the pulse driver 92; the low nojise amplifier 100 and
the'negative peak detector.104 for operative powering thereof. fhe
bias line 124 establishes a reference above ground with res pect to

AC signals within the microcomputer 98.
| The circuitry associated- with the transmit-receive
circuit 102 is'shosn 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 apply a pulse output.from their interconnected collectors to tne
transducer element'36 tnrough conductor 76.as shown, when a signal
input of 200 Kiiz frequency from output port 94 of the microcomputer
is applied through resistor 132 ¢o the base of transistor 134 in
order to apply a control bias through resistor 136 to the base of
" transistor 128. The output trom 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 oontrol
' transistor 140 causing it to switch on periodically and apply bhase



ground | evel by resistor 156. The output collector of transistor 150, to
whi ch bias voltage is applied fromthe 5 volt source 126 through resistor
158, is applied to the base of transistor 162, tuned by neans of adjustable
i nductor 164 connected by capacitor 166 to its emtter to which a positive
voltage bias is applied fromthe voltage source 126 through resistor - 168.
Further tuning is achieved by the output at the coll ector of transistqt?162_
being applied to the base of transistor 170, the emtter of which is ™
connect ed t hrough capacitor 172 to a dilgunded adjustable inductor 174 to
establish a Q of approximately 20 for the | ow noise anplifier 100, with a
gai n of approxi mately 100,000 at ultrasonic frequencies. The anplified
and filtered signal output at the collector of transistor 170 is applied to
t hbipgsdaftheahase Rf 1Ywanséskerg 132 O npenderedd icendyesivedet ther
and filter 1in conbination with its em'tter biasing resistor 178 and
gr BuA&&d inpufpsignpliaat pPRRE offpaferenenkirsed, 1is alsesapnlkied is
connected to the aforenmentioned signal-input port 106 of the mi croconputer
og thpugin| 59si8texyi14t EenfdisiAsanefarantral Sransister nd4dit reh®ni c
reflectign signals are scanned by the m croconputer every 138 mi croseconds
old aqtE Lyt MhiGh 17l FADBeSkegl foL(the SHBSHAF <iiRetHeRR, SERLRER of

D94, WHESHFHSRe, K Lo UEY S0DRURRe, A 03 Eebe v <
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resistor 186 4y9at BRpRASH dHaPOVbtb22d Yy the ultrasonic transducer
36 are applied through conductor 76 and capacitor 148 to the base_
ot transistor 150 in the low noise amplifierlldo, tuned to high
gain aﬁd low noiée by grounded adjustable inductor 152 connected
by éapacitor 154 to the emitter of transistor 150 maintained above

_ ground'level by resistor 156. The 6utput collector of transistbf
150, to which bias voltage is applied from the 5 volt source 126
through resistor 158, is appliéd to fhe base of transistor 162,
-tuned'hy means of adjustablé inductor 164 connected by capacitor
166 to its emitter to which_a pqsitivé voltagb bias is ﬁpplied f:om.\~)
the vbltagg source 126 ﬁhrough re3istor'168. Further tuning is'
achieved by the output at the collector of transistdr 162 being
applied to the base of transistor 170, the emitter of.which is
connected through capacitor 172 to a grodnded adjustable inductor
174 to establish a Q of approximétely 20 for the low noise

. amplifier 100, with a gain of approximately 100,000 at hltrasohic
frequencies. The amplified and tiltered.signal output'at,the_
collector of transistor 170 is applied to the base of ﬁransistor
176 forming a simple negative peak 'detector. and filter in
coﬁbination with its emitter biasing resistor 178 and grounded



188 causing it to switch on and conduct current fromthe battery termn nal
to the input termnal of the coil 58 through the conductor 68 as :

af orenenti gned. The terminal of coil 58 is also coupled through series
connected capacitor 190 and resistor 192 to the negative input termnal of
operational anplifier 194 of the position sensing cirtcuit 114. The positive
referéﬁye termnal of anplifier 194 is connected to the bias voltage

| i ne - 124. Feedback for the operati anplifier is established by
paral | el connected feedback capacitor 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

pr evencapacltxr v28Ri.ck ik outpagesofr epaiasistotng7er asi ster dRdtebrt Ney
driver once the coil is deenergized. The m croconputer 98 interfaced
with t connemtetlicdo astherbafotenmemtdoyied ha iigralyinputcegort CiIT6i toflOZhe
and the drive/sensor conponent 110, as herei nbefore described wi'th respect
to Fi gderoramputeer c98 rivs andliog-dio-sligitadpaanvers bénsand canpdyssiiss
and perforng various data analyzing functions as diagrammed in Figure
7. Th88ch hineemisguctitrasenisi ginfkeckieone signals arepuscaoned day &he
the conputer are generated at 182 sinul taneously with the generation of
gat i ngRiSTQeamputer envery Aif mdrreseerrdscand imdhexrebyi tyanshetad)iate
supplied by transmt-receive ¢gircuit 102 to the conputer port 106, is fed
to an BRhEILieskAVe LRevHAY 194 stanGaiesPlvEiepnatsabonts three siprhesat

188 f bseque nal ysis, A.,systemtimer 190 interrel ates
waor su 9 'ﬁiéh gontlnued yreference to Figures 5 ané 6, the

resettable driver'ci:cuit 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.lsz
irc cpnnected through resistor 186 to the base of power transistor
188'causing_it to switch on and conduct current from the battery
terminal to the ingut terminal of the coil 58 through the conductbr
68 as cforementioned. '

The terminal of coil 58 is also coupled thruv;h series
connected'capacitor.lso and resistor 192 to the negative input
terminal of operational amplifier _154 of the position senslng.
circuit 114. The positive reference tgrningl of amplifier 194 is
connected to the bias voltage line 124. Feedback for the
operational amplifier is established by parallel connected feedback
‘capacitor 196 and resistor 198 to detect signals from the coil 58,

bandpass filter it and amplify it 30 times. A diode 200
. interconnecting the conductor 68 froa the coil 58 to ground
prevents inductive kickback'vbltagés from destroying transistor

188 of thne driver once the coil is deenergized.



Wi th respect to tinme operation of the pul se generator 182, signal sanpler
188 and an interrogation cycle control 192 through which generation of
gating signals at 184 is controllably tinmed to gate the driving pul ses for
the transducer as aforenentioned. The systemtiner also tinmes operation
of -the drive pul se generator 194 throygh which pulses are supplied to the
out put port 116 of the conputer for s gphy of signals to the resettabl e
driver circuit 112. Position sensing signals derived fromthe position¥®
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dat a. e output of the conparator 198 is accordingly applied to a pul se

rej e§19hai00chitipRitoh pEech 9V de defehocBibtterd AretMyesdtatied ¢ stich gacho
pul ses“are transmttéd to a pul se overlap and noise conpensator. 202. The

pul sginaleanWourd BY NeIEleStEedNgengrhteani b¥i Ngakingus e ighalyst et naise

sensed by the detector 204 and applied to - ' W

supplied to port 96. The retur_ning:_ echo signals supplied by
transmit-receive circuit 102 to the computer port 106, is fed to
an echo signal receiver 186 from whiéh the echo signal; are sampled
at 188 for subsequent analysis. A system timer 190 interrelates
with respect to time operatioh of the phlse generator 182, signal
sampler 188 and ah interrogation cycle_cont:o; 192 through which
generation of gating signals at 184 .is controllably timed to gate
the driving pulses for the transducer as aforementioned. The
system timer also times operation of the drive pulse generator 194
through which pulses are supplied to the output port 116 of the'w/
computer for supply of signéls to the resettable driver circuit -
112. Position sensing signals derived from the position sensor 114
with respect to the 2zerc position of the transducer as
aforementioned, is accord;ngly fed from port 118 to a zero position
detector 195, a wave-form period deviation detector 197 and a
calculator 196 for calculation of the actual physical placement

characteristics of the target object relative to the current



conparator 206 for conparison with the sanpl ed echo signal output of

sanpl er 188. The output of the pul se duration conparator 198 is al so
applied to a reference nmenory 208 in parallel with the output of the system
timer and to a pul se anplitude threshold tector 210 to which the sanpl ed
echo sikgnal output is also applied. Thel dut put of the pulse anplitude

.

t hresRohd detector 210- enabl es the pul se overlap and noi se conpensator 202
af orenenti oned, in order to conplete the extraction:of invalid echo

information,fromthe data suppljed to the targqget..|lqcati calcul at or 196
af or emerPPBhEAOM RE 1M W@nﬂ‘ﬁﬁ%‘t edTB8t F gﬁsee}'ﬁ"siw ves an

| 212 T tputs of .the cal cylator. 196 and th | 212 will
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det erm’'ne y outputs from rs 195 and 197. In order to perform

the funcghong eyt NRREOT Cos AREEEAT inF et Forl. tBe GUNWItcpulBelss of a
programmed in connection wth the scanning drive operations perforned

through ppedekesinidiegdiiat iohveepresedting talvl /densor Tinemouwepatldf the
m@faoedtherewth . S

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 ovérlap and noise compensator

202. The pulse rejector also removes signal pulses arising because

of system noise sensed by the detector 204 and applied to

comparator 206 for comparison with the 'sampled echo signal output

of sampler 188. The output of the pulse duration comparator 198

is also applied to a reference memory 208 in parallel with the

outpuﬁ of the system timer and to a pulse amplitude threshold

\/ detector 210 to which the sampled echo signal output is also

applied. The output of the pulse amplitude threshold detector 210-

enables the pulse overlap and noise compensator 202 aforementioned,

in order to complete the extraction of invalid echo information

from the data supplied to the target location calculator 196

aforementioned, and from its calculated output through an echo

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

analyzer 212 will accordingly provide infbmation as to the



I n accordance with a program 238 as diagramed in the flow chart of Figure
8. As hereinbefore indicated, the transducer elenent 36 under conputer
control is forced to oscillate apout the vertical axis 88, as depicted in
Figure 5 in order to detect any objects w thin a hem spheric zone having a
range of approximately seven feet. Top@d that end, the conputer 98 is
programed to begin a scanning sweep of t he transducer el enmrent froma z
angl e position of the vector 82 in Figure 5 in opposite directions.
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data recorded by the conputer is conpared as ‘_)
of directional control 201 on the other hand is determined by
outputs from both detectors 195 and 197.
In order to perform the functions hereinbefore diagrammed
in Figure 7, the compufér 98 is programmed in connection with the
scanning drive operations performed through the electromagnetic
drive 56 and the driver/sensor component 110 interfaced therewith
in accordance with a program 238 as diagrammed in the flow chart
of Figure 8;
| As hereinbefore indicated, the transducer element 36
under coﬁputer control is forced to oscillate about the vertical |‘w/
axis 88, as depicted in Figure 5, in order to detect any objects -
within a hemispheric zone having a range of approximately seven
feet. Toward that end,_the computer 98 is programmed to begin a
scanning sweep of the transducer element from a zero angle position
of the vector 82 in Figure 5 in opposite directions. Initiatica
of such displacement of the transducer element is indicated at
start 214 in the program flow chart of Figure 8. Drive puises of

variable duration are generated, as indicated at 216 in Figure 8,



i'ndi

cated at 224 in order to effect adjustnent through adjuster 199 of

drive pul se generation as indicated at 216. Such adjustnents are nade in
order to establish and naintain a constant oscilation of the transducer
through the 180 arc in accordance with the enbodi ment of t he

I nvention as her ei nbef ore descri bet:Q Accordingly, if the sweep period

as det;

er.m ned at decision block 220 is gredter than the predeternined val ue

[err],%ﬁé reduction in power is effected by a del ay“ operation 228 when
enabl ed by the peak anplitude conparison ogeration 224. Such
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pe;formed 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 deciéion block 220 of .
Figuré 8,_£he computer stores the period and peak amplitude data
of such waveform measuremeht 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

\VBf the transducer through the 180° arc in accordance with the

embodiment of the invention as hereinbefore described.
Accordingly, if the sweep period as determined at decision block
220 is greater than the pre¢eterminéd value P;, a reduction in
pover is effected.by a delay operation 228 when enabled by the peak

amplitude compariscn-operatiop_224. Such power adjustment by the

.delay operation 228 is effected by the timing of drive pulse

generation at 216 which is thereby regulated for power adjustment.
purposes as indicated in Fi,gixrq 8. A Qelay ,oper"ation 226 also



Figure 9 graphically illustrates beginning of oscillatory novenment inparted’
to the transducer elenent as reflected by a typical coil waveform/[err]
having rel atively | ow anplitude peak portions [err] as neasured for exanple
when the transducer el enment undergoes [err] displacenent from the zero
angle position in accordance with 22 enbodi ment of the invention.

When the transducer el ement reaches E@rr] position, the peak porti oSy .
2362 of the waveform[err] has increased. Al so, the duration of the$Hul se
[err] has decreased from[err] to [err] as shown. At the [err] position
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el ement, the pea ses |err t he vvavef ave ac | eve

mx'ﬂ“@é‘”ﬂhh&%&éﬁ‘daﬁ‘ HdBAS foh ablekK €350, m&eéhﬁd%ﬁivéh?d’ﬁ@f 2sm |

during nmovenent of the transducer between thé Iimt positions of [err] from

t he £ BudPSthi8lgh atsWedp Pereidd M abndlebaebadaly kel i th PScke230NY
circuit remains substantlally constant at [err] as shown in Figure 9. In

t he mVethet 8oeat iy thadardyve @ulde isanotucsy eﬂxennanfm)bewesﬂaaed
beyond its limt positions, the permanent magnet el enent 74 engages the

r ub e dosghl thepsv(é@paaaa‘ménehheonedsume@ Ppredessi dis inregdmtedvef orm
period to a value [err] as indicated with respect to the waveform curve
[err] which isItlwdldhbeaoppresintsd thattoncer eggililatany mavenest of
duration [err] and a further increase in anplitude of the pul se peaks

[ er fhe Neramsduseroelsaent hagnbagud: shanmiwill | becsowme dedayineefore u

thereafter maintained as a result of
the desired motion through the 180° arc is attained. If the peak

amplitude of the waveform is increased by the proper adjusted
increment, as denoted at decision bio‘ck 232 in Figure 8, generation’
of drive pulses is continued. Otherwise, power adjustment
operation is enabled.
Figure 9 graphically illustrates beginning of oscillat"or'y
movement imparted to the transducer element as reflected by a
typical coil waveform 234, h_aving relatively low amplitude peak
portions 236, as measured for example when the transducer element_.
un&ergoes 10° displacement from the =zero angle' position in
accordance with one embodiment of the invention. When éhe'_
transducer element reaches a 40° position, the peak portions 236,
of the waveform 234, has increased. Also, the duration of the
pulse 236, has decreased from t, to t, as shown. At the 60°
position of the transducer element, the 'amplitudé of the peak ptiiSe’
) portion 2363 has further increased with a further reduction in the
pulse duration to t;. When normal motion i§ achieved at the 90°

position of the transducer element, the peak pulses 236, of the



t'he detection of the zero angle position of the transducer el ement and the
effect of the contact nade with the rubber band stops at the sweep angle
limt positions of the transducer -el enent under conputer control in
accor-dance with the sweep drive program 238 herei nbefore described with
respect to Figure 8. Wen the transducer 23proaches or departs fromits
zero 4ngle position; energization of the il 58 by a drive pul se swanps
the poSition sensor 114 to nonentarily disable its:gperation. Because of

t he of Vavefioameityd havyslach beeed 2mardmuine ampls ide cihd 581ih imbfe dudat ion
angl e Eosition of the transducer, as aforenentioned, and the nonentary

di sabl BeentThe pericdsn oferthe wavefdezmvduriagnmovensshtreas utkaettransducer
ei ther lengthened or shortened by a small anmpbunt depending on the direction
of thebatyeen &he simidt mpsitiens cfMappfren thetderoopbsitdon ineither
current, The conputer 98 is thereby able to predict through detectors 195
and 19%irgetdon.casordeteqhedn bye theanposddion | seps idig pLiren ifty oremains
zero anﬁl e position to directionally control pulse generation at such zero
posi t i SHPESanEialiieteprstant: atd Ro as showactiroFigutet Be f Ucttheakvent
di agramof Figure 7. Fi gure 10 is a program flow chart depicting the

t r ansdbR@FepdSs ARY nFRRABNGYr A% cthei SaasgdMaer tekenensp ter ihe @isplaced
238 ir%-order ig egf.ect groper pul sing of the transducer el enent for : :
eni ssi BRYOPHePEFr LAMALE PPRdtigns4die Permanept magnetcehenentc74cengages.

bo Shotfle! BuRbY et 4ESet! Tb LI ARIROLSRed Laus'iHy & Teduction in
- (U the waveform 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 ts ahd a further increase in
ampli}:ude of the pulse peaks 236s. 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 transduéer element
and the effect of the contact made w.ith the rubber b.and stops at
the 'sweep angle limit positions of the transducer element under
computer control in accordanc’e with the sweep drive program 238
. hereinbefore described with respéct to Figure 8.

When the transducer approaches or'departs from i.t‘s zZero
angle position, energization of the coil 58 by a drive pulse swamps
the position sensor 114 to momentarily disable its ,operat:ioh.
Because of the offset .between the pole face 72 énd the axis of coil
5'8'111 the zero angle position of the trénsducer, as aforeméntionéd,

. and the momehtary disablement of position sensof 114 the waveform

.period measurement is either lengthened or shortened by a small

amount depending on the direction of the magnetic displacing force



t he transducer el enent through the pul se position sensing circuit 114 and
det ector 195 as af orenenti oned. If the transducer is determned to be at
the zero position as indicated by decision block 242 in Figure 10, the
transducer element is pulsed as indicated by -operation 244. \Wen the
noti on of -the transducer el ement- has 'stopped, as indicated at decision

bl ock 246, pulse generation is shut dp@n as indicated at 248 and the 5
process repeated. If the notion of the transducer el enent has not stopped,
anot her pulse is applied as indicated at decision block 246. Wth the

shappliedfonulse @eibreneryizling correntoef The tonpatercnselisniierdlpps at
Its zero angle position, a directional reversal of notion is effected

t hatlgh tor priddict chtough 2détestbrdi Qs dand A9y | thel GliredBibni timting
the.sweep drive program 238 as af orenenti oned. ‘Such programi s
cowhdichattie wirtansdwcer wiltrbegdisphacgdl gromnitsozerol ahgl eapdsi tiem |
period time control 252 in order to respectively regulate timng of the
pultsi dd mext tonahl g4¢onteoluipyd sshgeheara tien sat ssuck Szerocopdesittion as
coordinate the transducer pulsing process with that of the sweep drive

pr dgreinheforecceferged ko donsontectdan With dherfungbionadn dilagxamsi ng
of the transducer elenent and its noti-on under control of the

el &f FogfFRtTe drive 56, a detection envel ope pattern is established as-
illustrated in, Figure 11 hereinbefore referred to. The | ocation of any

obj ect 254 wiF#HRTEhe 10ondK0\Rr BTPGTIRe §R0PWct iChaxthydepistdng n the

various angul ar positions as shown in Figure 11, wl| produce echg
r eftransSAEer  BHLES JmiNg cProgram coordinated with the sweep drive

program 238 in order to effect proper pulsing of the transducer ~
element for emission therefrom of the. hltrascnic energy as
hereinbefore described. As shown in Figure 10, the timing program
begins with start 240 occasioned by the sensing of the position of
the transducer element through the pulse position sensing circuit
114 and detector 195 as aforementioned. If the transducer is
determined to be at the zero positidn as 1ndicated by decision
block 242 in Figure. 10, the transducer element is pulsed as
indicated by 6peration 244. When the motion of the transducer

element has stopped, as indicated at decision block 246, pulse ~

generation 1is shut down as indicated at_'248 and the process -
repeated. If the motidn of 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 diréctiohal control 201 as.
indicated at 250 in Figure 10 initiating the sweep drive program

238 as aforementioned. Such program is coordinated with the



by means of which the location and nature of such object or target is
determ ned by anal ysis of the echo signals received and transmtted to the
conput er as herei nbefore described with respect to Figure 7. The foregoing
is considered as illustrative only of ihe principles of the invention.
Further since nunerous nodificatio nd changes will readily occur to
thoseskilled in the art, it is not desired tolimt the invention to the

t wC ' nd 2t d | Red ' A |1
ou s ab o nsartFpaBt g GREIE bifleP AL £927EhE7 A1 PEERIAL e °
t he scopeoBtrode 29% cAn prdem e tpemaspaciigalyicregulatesining cofr ithel

herei n i pullkifgdeperdtiadr PA 4 landPhlise ShutdRMdpetatidn A9 Ah Nrd
2272057, Rﬁi ch %s di vided fromthe gr esent uappl [ catdiaé.n. .

Cemote. i HPoEOARARY 0 EEANRAVERG RULFAAGHRAICASH JOHHh oERER Barthe

conver si geepCartiivedipdgrainenit- 5 receive neans for periodic generation
and reception of signal energy converted by the transducer, the detection
system further conprising centering neans for biasing the transducer to a
zer o positi onAlsr arraisulit ofe theacotpeder cotitylapedgram daposeg @n he

means, agdihy ¥ @ Erdisau zecéi%ﬁé%yah&t EEQOHB%EE%QQ ke dansdicer

and the transmt-recelve neans through the centering nean or effecting
em ssi onP&n¥hecelpetsRmagnetdgadriner 89, 1§ dekeationr ARVALQRe BRFWEMmdisg
di spl acegtabliehed adi 1Dlustrated in Figure 11 hereinbefore referred to.
The location of any object 254 within the zone covered .by the
k/ detection envelopes 84 in the various angular positions as shown
in Figure 11, will produce echo reflections from target objects
by means of which the location and nature of such object or
target is determined by analysis of the echo signals received and
transmitted to the compui:er ‘as "hereinbefore described with "
respect to Figure 7.

The foregoing is considered 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 desired to limit the invention to the exact
construction and operation shown and described, and, accordingly,
all suitable modifications and equivalents may be resorted to,

(_  falling within the scope of the invention.

The remote target detection system described herein is also
described and claimed in our copending application No. 2272057
which was divided from the present application. '



n1n|n1zed noi se generation. 15 2. A detection systemas clained in daim
1, Jm:"miml"mgnm ng drive neans is operatively connected to said
rranged to cause scanni ng di spl acement thereof through a
smeep angle of *1 €ss than 3600. 20 3. A detection systemas clainmed in
Caim1 or 2, wherein said scanning didhjg means conprises el ectromagnetic

coi |l neans for magnetically inparting displacing forces to the transdqiQa
ns

and pul se generating neans connected to the 25 el ectromagneti c coi

for producing said displacing forces.cdarmMgA detection systemas clainmed in
G aim3, wherein said scanning drive neans further conprises an arnature 30
connected to the transducer in spaced offset relation to the

eIeCtrontneU<A(Eédoﬁ@aﬂﬁrg@ttﬂétééfﬂoﬁOQYEtéﬁ Hﬁvih hr%&%ﬂgﬁﬂbaﬁajd "
ar mat ar e, oUWl SREEGY Cé‘bg%aﬁﬁﬁgscpspngdpﬁnﬁgﬁ;%a%}s&ﬁéé{ ngclaim.
furthér coemeisiengnemns sfonrpériodioggeherataoni agd re&épdﬁzﬁi&ﬂenent of
A det eot | ek GHRICY doivePOah bO"eh8 SrBREAGMEET BRS AERAR - ©
Conpr|5,nggﬁiﬁ@,ﬁgrghgg,¢@pm@§ggngfgenuepéog|mgans for biasing the
transducer to a zero position from which the transducer is
displaced by scanning drive means, and terminal means
10 electrlqally_interconnectlng the transducer and the -
transmit-receive means through'the centering means for
effecting emission and reception of signal energy by the
transducer during scanning displacement thereof with
minimized noise generation.
15 _ _
2. A detection sYstém as claimed in Cléim 1, wherein said
scanning drive means is operatively connected to said
transducer and is arranged to cause scanning displacement
thereof through a sweep angle of less than 360°.
20 _ _ L
3. A detection system as claimed in Claim 1 or 2, wherein
said scanning drive means comprises electromagnetic coil
means for magnetically imparting displacing forces to the
transducer and'pnlse generating means connected to the -
25 electromagnetic coil means for producing said displacing
forces.

4. A detection 5ystem as claimed in Claim 3, wherein said
scanning drive means further comprises an armature

30 connected to the transducer in spaced offset relation to
the electromagnetic coil means in the zero position of the
transducer, said displacing forces being magnetically-
applied in opposite directions to the armature.

35 5. A detection system as claimed in any preceding claim,
further comprising means for limiting the scanning

w



arrival of the transducer at the zero position during sald sca

di spl acenent thereof, and adjustable neans for.control var\ “‘
di spl acing forces in magnitude and phase to nmai ntain sai g\\“l\

di spl acenent of the transducer 10 t hrough a predeterm ngl e*in
response to detection of the zero positi -7. A detecti system as

cl ai ne@ n Claim®6, wherein said position sensing nmeans are arranged to
detect QArrival of the 15 toansducer at the zero pgsition during scanning

di spl acerrﬁnt g& %@‘eme’i#”cd afiethen t&%h@d@ﬁjeh!‘s'[?anﬁ fhansef®r peoDtich! &bl \a h
varying the dis cin ofces in i tude and phase are responsive to the
engagenent oP &5&3’%&%@%"&? r%“ﬁ?anged tolimt the scanning -

di spl acenent of the transducer 20 8. A detection systemas clained in
any preceding claiymg i (o) o

the transm t-%r ece| ve érr%%‘%\gf ?g %ﬁa%n%%&%ﬁ%déﬁgggé?gglﬁgﬁ c%'?%tihg
si gnal efer gfumrl;nerrredzomrdxaimg t @0§d-itd-°9caﬁﬂnﬁ§ng5 means p| ke mderttestimge
transducer. Qrriv10QLCLRABN LELRSBNAT URIeRE LErg YoRI EE6HI BUrehy Baia

further conprising sensing _neans connected to the scanni n% rive ans_for
det ecti ng r ePEEPRENG aBlFRlaGRNRNs therstion Bﬂd fiysieable gmaansr forynd
pul se cont r0boﬁ&&&lmryatva'ﬁwngoanécawpl@cihg Seﬁéeﬁglﬁeﬁagnﬁ.%hdéardﬁdw

t he periodic ner tion nal er the tr el vg neans
it hed el BRPGE £8 PRLAERMAFRLY deanrinh B ePapeamenE af S £ angaud
responsaot o tthmmhgtea—.t qpredétemﬁraéd isea argde 3 respomse do. detection

_. of the zero position.

K-/.

7. A_detection system as claimed _in Claim 6, wherein said
. position sensihg means are arranged to detect arrival of the
15 transducer at the zero position during scanning displacement
thereof, and _wherein said adjustable means for controllably
varying the displacing forces in magnitude and phase are
responsive to the engagement of stop means which are arranged
to limit the scanning displacement of the transducer.
20 )
8. A detection system as claimed in any preceding claim,
further comprieing pulse control means connected to the
transmi't-recei've means for regulating the periodic generation
k/ of the signal energy in timed relation to said scanning
25 d:.splacement of the transducer.

9. A detection system as claimed‘ in any preceding clainm,
further comprising sensing means connected to the scanning
drive means for detecting relatively abrupt changes in motion
30 of the transducer, and pulse _control means operatively
connected to the sensiﬁg ‘means for irarying the periodic
generation of the signal energy by the transmit-receive means
in timed relation to the scanning displacement of the
transducer in response to the detection of the abrupt changes
35 in motion. | '



~ I0—A-detection systemas clained in any preceding claim wherein said s

| neans conprises a pair of spring elenents anchored by said
”’mm;’! pﬁ"la support connected to the spring elenents on which the
S

tran i xedly 5 nount ed, and bearing nmeans for establishing a
rotational axis about which the supp I's displaceable with the transducer
agai nst the bias of the centering nmeanS;-said spring el ements bei ng ngde of
electrically conductive material. 10 11." A detection system as cl aitked
in any preceding claim wherein said scanning drive neans conpri ses an

el ectromadfeti & Aatection sEsteR AsvFAgiRedndRe@Y RYCERERT GhALPIl se

gener at i ngnagain CoAIQC Ishiaridyy Mmebhsl Wonprisyl caensd g Zzdf o8prhageof,

t he systeqfurther coppri Si g means for, 1 m)unting the armature on the

{r ansduceP LEBearEGARERETRA BY1 Seld terminad means,i 8, SuBPERE copnertedai d

zero posi toorthef $peihgaedements @l weich ngheearansdacer vis yfigadeet ed to

the cpil ar vetar t ri Iy eriodi ¢ _energization
nhsef, 8ol BepEAS BERRE cor’ dardbasBhing BUEORRLTORAT ffR

t her eof . ron¥systemas clai ime

wher ei n sabdutcwhdicky the \eupports torbtsplarceans i tleathef tranadeterm
measur eneg aiﬁ?@ \fcg&&t Biéscamﬁé'é%ﬁ@éi%ﬁ@ah%ﬁ' Qaiﬁeéf}%iﬁguei&ﬂ?h@st he
sensing neans ftor detecting deviations 2 in period of t wavef orm
measur eneReipgi madenof edestrdselily sopdugitivel materipds zero position, and
control means connecting said data nonitoring nmeans to pul se generating
A0 1119 ROYLSk{Sn VS JEAR "L OC12ERSE N ey B LS SE cratm,

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, the system further comprising means for
15 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 sehsing means operatively connected to the
coil for waveform measurement dixring said periodic
energization thereof. '
20
12. A detection system as claimed in any preceding claim,
wherein said 'scanning drive means comprises sensing means for
waveform measurement, and further comprising data monitoring
means coﬁpled .to the sen_sihg means for detecting deviations o/
25 in period of the waveform measurement while the transducer is
substantially at its =zero position, and control means
connecfing said data monitoring means to pulse generating
" means of said scanning drive means for generating energization
pulses for causing scanning movement of said transducer, the
30 direction of said generated pulses being responsive to said
detection of the deviations in the period of the waveform
measurement. B

13. A detection system as claimed in any preceding claim,
35 comprising a single transducer, and wherein said scanning’
drive means is arranged to displace said transducer through
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pul ses for causing scanni ng novenent of said transducer, the 36——-direction

of said generated pul ses being responsive to said detection
deviations in the period of the waveform nmeasurenent. 13. ﬂ‘iﬂgﬂﬁ“‘““‘““\“\
systemas clainmed in any preceding clai 35 conprising af§ IR T
transduycer, and wherein said scanning drié /€. neans i's arranged to displ ace

sai d [ ansducer through 27 a sweep angle arc. 14. A renote target
detection system substantially as herei nbefore described with reference to

t he acconpany& rgwéep d_ngm'engsc.

l4. A remote target detection . system. substantially as

hereinbefore described with reference to the accompanying
5 drawings. -




