1. OPTI C PCSI'TI ON SENSOR FI ELD OF THE | NVENTI ON Thi s invention ?2?Q$E§'vo
apparatus and nethod for optically sensing angul ar position of alpgrge ul
More specifically, this invention relates to an apparatus and nethod fo
determning the trigononetric tangent of the lateral offset angle, with
respect to the apparatus' centerline, tq a light emtting or reflecting
target. BACKGROUND OF THE | NVENTI ON Di spl acenent neasurenents are inportant
i n many manufacturing operations, especially those relying on feedback
control. Optical sensors are particularly useful in industrial settings

because they can nmake non-cont wmmar e relatively inmune to
el ectrical and magnetic interference.” Presently, nany types of optic '

sensors exist for fixed equipnment that will determ ne the presence of a
target, ie., object detection, or the in-line distance to a target, i.e.,
di stance neasurenent. The fol | oRIELP Ok EHE INVENTION sorme of t-hese types of
optic sensors. U.S. Patent 4,865,443 (Howe et al.) discusses an opti cal
di spl acement sen5¥p invantiopJelateste appasatys andumethodtforaptinally sensing iangular
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2 U S Patent 5,056,913 (Tanaka et al.) discusses an optic sensor using

| i ght sources adapted to have their optical characteristics varied as a

function of their distance tBACKGROUNMEOF THE INVENTION | s varied either by.
physically nounting the |ight sources at different |ocations or by

mani pul ati ng t heDispigaentardm measurementsi gare simportantii irh Ineany omadufacturing

mrrors. This sensor is only useful to determine in-line distances.
operations, especially those relying on feedback control. Optical sensors are
particularly useful in industrial seftings because they can make non-contact

measurements and are relatively immune to electrical and magnetic interference.

Presently, many types of optic sensors exist for fixed equipment that will
determine the presence of a target, i.e., object detection, or the in-line distance to a
target, i.e., distance measurement. The following patents discuss some of these

types of optic sensors.

U.S. Patent 4,865,443 (Howe ef al.) discusses an optical displacement sensor
that uses the inverse-square attenuation of light reflected from a diffused surface to
calc_ulate the, essentially in-line, distance between the reflecting surface and the
sensor. The sensor comprises fwo co-inearly mounted light sensors, arranged so
that their ends are at different distances from the distant reflective target, and. a laser
or collimated light source. This sensor can only determine the distance when the

target is positioned essentially in-line with the sensor.



U S Patent 5,196,689 (Sugita et al.) discusses an object detecting device
wherein two or nore |light receivers are positioned so they partially
overlap to form object detection areas. The conical shape of the |ight
detection areas are divided into portions. Each portion represents an area
where a different receiver or set of reeivers detect |ight. The position
of the object is determned by identifying in which portion, within the
overall detection area, the object is |ocated. This detecting device is
only capabl e of establishing which area an object appears in and not any
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has been use noni t or I've center position of a target when the
target’s vagis@Rke té BORIg&. | THE diSAnES iPVitieddithed By PhiySitallyomoliitihgPhaaiyhef

the sensors sixty degree active forward view ng area. Such a single

det ect or . i ssourtys atdiffetent cationsanigyemanipuldtingthe lightmane fromrttie dighbsqurey | des
very limted real linear positioning data. There are al so noving or
rotating | awih lensnoredichrdiatmisyors.callhip sensonrie only usefuleta determineydn-ling |
of the optic sensors heretofore fail to neasure the angle and/or |ateral
posi tion of digtangesi cal target utilizing a fixed, or non-rotating, sensor
assenbl y. SUMVARY OF THE | NVENTI ON Therefore, it is an object of the

present invention to provide an optic sensor that is capable of nmeasuring
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sinplified assenbly that S not high optic operties or

mechani cal I%%é_%{ defittion akedd. N'The ahRal skdpd HEhRY IRfhe detdolivh Hréay ateSdividied
provi de an optic sensor capable of determ ning the angular position of a

target that intbi porticrise sEdetp portionaepresentst are atsavwhereop different rmoeiver or set of
I nstant aneous illum nation power of the target. It is still a further

obj ect of t Irecgivarsietedt lightnTherpasifiopraf thelebjectis deteamingd bydidentifying inywhich
angle of a tarrtget relative to the centerline of the aggatrﬁg us' s .sensing
- portion, within the overall detection area, the object is located. This detecting device

is only capable of establishing which area an object appears in and not any specific

position within an area.

There is another type of optic sensor which is known to provide a variable
signal output level indicating the percentage of a full reflector that is currently
obstructed. This 'sensor has been used to monitor the effective center position of a
target when the target's variable range is~|imited to one, or the. other, of the edges of
the sensor’s sixty degree active forward viewing area. Such a single detector is very
sensitive to changes in its light source and also provides very limited real linear
positioning data. There are also mdving or rotating laser scanners that optically
measure the angle to a target. All of the optic sensors heretofore fail to measure the
angle and/or lateral position of an optical target utilizing a fixed, or non-rotating,

sensor assembly.



area and determ ning the distance of either the target fromthe centerline
or fromthe sensor by know ng the other. The present invention involves an
apparatus and a nethod for optically detecting and determ ning the angul ar
position of a target. The apparatus conprises a pair of optic sensors
arranged so that at least a portion of their sensing areas overlap. Their
over |l apping areas define the total sensBng, or active sensing, area for the
apparatus. Each of the optic sensors in the apparatus senses |light, or

ot her optically sensible transm ssion, either projected or reflected froma
target positioned wthin the §ota ensi 0o ca and produces a signal
relative to the anmount of |i g¥ gret S are then interpreted
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over | appi ng sensing areas of a palr C sensors, by interpreting the
rel ative si@mhb opliteBasdr es fromthe pair of optic sensors. Once the

angul ar position is determ ned, the distance of the target froma line

ei ther perpendicular to or parallel to the center Iine of the sensor array
can be calculated if the other quantity is known. BRI EF DESCRI PTI ON OF THE
DRAW NGS FI G. 1 Asothepobjactofdhe present inventionsis e providasa oplig semsaxcapablerofe
with the present invention. FIG 2 is a dia ramil‘{y_gstrative of the

princi pl e oflelggnining the anguiaypasition, of & targat with g simplified gesarably dhatdossaty of
FIG 1. FIG, 3 ia a . di atg{a?m 1l ustratiY\% f-ltvvo characteristic sensitivity
curves and geg@p é‘('ﬂ”?p B{ﬂpgﬁ'?e%ﬁ“ﬁ p %P\%’"f or optic sensors that
may be enployed in the optic sensor assenbly of the present invention. 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND

A further object of the present invention is to provide an optic sensor capable

of determining the angular position of a target that eliminates dependence on

" reflective properties and instantaneous illumination power of the target.

It is still a further object of the present invention to provide a method for
determining the angle of a target relative to the centerline of the apparatus’s sensing
area and determining the distance of either the target from the centerline or from the

sensor by knowing the other.

The present invention involves an apparatus and a method for optically
detecting and determining the angular position of a targét. Thé apparétus comprises
a pair of optic sensors arranged so that at least a portion of their sensing areas
overlap. Their oveﬂapping areas define the total sensing, or active sensing, area for_
the apparatus. Each of the optic sensors in the abparatus senses light, or other
optically sensible transmission, either projected or reflected from a target positioned

within the total sensing area and pbduces a signal relative to the amount of light



THE PREFERRED EMBODI MENTS THERECF FIG 1 depicts an optic sensor apparatus
10 conmprising a first optic sensor 12, a second optic sensor 14, a filter
16, a series of light enmitters 18(a-d), and a processor 8. The first and
second optic sensors 12 & 14 are.infrared photodi odes but may be any optic
sensing devices suitable for this purpose. Al though the optic sensors may
be of different designs, it is preferred that they have substantially the
sanme sensitivities. Each optic sensor 124 & 14 has a finite sensing area and
a sensitivity which varies as a function of the angular direction of the
sensed |light The sensitivity of a sensor can be characterized by the shape
of the sensiSenged.y Thgsighals age thancintespreted in, detesming; the) apailarRosiion; ¢fthe; gnt
source. Optic sensors having.the, characteristic rose petal or cardioid
shaped sensit?Wf%s Y rg% &eggne%l m e optic SeMSPE- common and work wel |
in the present invention. FIG 3 depicts these characteristic sensitivity
curves as well as a perfectly circular sensitivity curve 32. The optic

sensors 12 & 14 g pmekidd ﬁfe‘ﬂ{téoP%lst@invkhﬁéﬁ dagﬁ@'zﬂégotgbteﬁig@aﬁ&%n e

over |l appi ng area defines t sensing are appar at us, see
FIG 2. Sinagrgelavithiti andres, @éfinddoby tie dvedapping’ sénshtg afead 61U8 PairosF Gptic

di stance, the preferred arrangenent is for the optic sensors 12 & 14 to be
posi ti oned isemsdrsabylintemretingethie relatiea signal intensitiestfiom thehpsir ef eptic sensors.

equi di stantlé positioned froma target 20. In the preferred enbodi ment, the
opti ¢ sensor@neg thenangularpasitionde deter@ingde therdistance af ieterget from adipe eithenhe
centerline 24 of the aE)par at'u?' s total sepsi (% area. Althou the rel ative
angul ar posi PeBendeulanto ofparallel to, the center EWO‘Q he sensarary e-caleylated if
sensitivity uzoies @ ang t he specifics of the application, the preferred
angl e for thRCOANeWARUYISKNGWR; -"sensors of the preferred embodiment is
about 90[err] with each sensor preferably angled at about 45[err] outwardly
fromthe centerline of the total sensing area of the apparatus, see FIG 2.
This preferred arrangenent gRiEr DESCRIPTIOR OF THE DRAWINGS hat ext ends
45[err] on either side of the centerline. Wth the centerline 26 (a&b) of
each of the opti cFigRNEE @, plan jievw tof s opfic\serboy atsemblibincacdordarecwitiefthei ng
the 90[err] total sensing area 22. The optic sensor apparatus may

optional | y bpresgnt ipgention.th |ight emtters 18(a-

_ FIG. 2 is a diagram illustrative of the principle of detecting the position of the
target by the sensor assembly of FIG. 1.

FIG. 3 is a diagram illustrative of two characteristic sensitivity curves and a
perfectly circular sensitivity curve for optic sensors that may be employed in the optic

sensor assembly of the present invention.



d). The preferred light emtter is an infrared LED but may be any type of
optically sensible emtter, including ultraviolet or visible |ight
emtters. The light emtters are selected to be conpatible with the optic
sensors 12 & 14. The |ight. source, or light emtters 18(a-d), may be

nount ed adj acent to the optic sensors 12 & 14 within the optic sensor
apparatus 10. Preferably, the projected %’i ght fromany |ight source nounted
within the optic sensor apparatus assenbly will be isolated, for instance
by enpl oying dividers, fromthe optic sensors so that the sensors do not
see the transmtted Ilght until it is reflected back. In this arrangenent,
the target 20 will be ﬂETAIUEiIDﬁSCRlWIQNﬁBHEdHVE&HﬂQN ANDt abl e for this
pur pose may be used. Preferabl the reflector will be a flat
retro-reflector, or a cyWHWRéEER&E%EN@QQMENEF&ﬁRﬁoEype wherein the
reflected light is sent back towards the detector in parallel. to the
reflectors incident light fromthe |ight source. Atematively, the target
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at the sensors should be sufficient to provide an acceptabl e

si gnal - t 0- n@inyeptisisensihgdevites isaitalié fardhistpurposel t Although ¢he eptic sg\smemayhu le .
not bei ng so great as to saturate either of the sensors. An apparatus
conpri sing theo of pdifferent rdasignsh &t/ iisigprefermed cthay they chaver substpetially cthei samet v
curves, see FIGs. 2 & 3, provides an easy nmeans to trigononetrically solve
for the angl@nélﬂwi'h% target based on the relative signals fromsensors, see
bel ow. Al though optic sensors having a perfectly circular shaped
sensitivity curve 32 are not as conmon as sone of the other types, a sensor
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the sensors' sensing areas is blocked fromthe sensor. This enables the

sensitivity angularsdisplacement of the light source. Optic sensors having the characteristic rose
petal or cardioid shaped sensitivity curves 31 & 33 (FIG. 3) are quite common and _
work well in the present invention. FIG. 3 depicts these characteristic sensitivity

curves as well as a perfectly circular sensitivity curve 32.

The optic sensors 12 & 14 are positioned so that their sensing areas overiap.
The overiapping area defines the total sensing area 22 for the apparatus, see FIG. 2.
Since the intensity of projected light varies as a function of'distanoe, the preferred
arrangement is for the optic sensors 12 & 14 to be positioned immediately adjacent to
each other so that they are équidistan’dy positioned from a target 20. In the preferred
embodiment, the optic sensors are mounted adjacent to each other on opposite sides
of the centerline 24 of the apparatus’s total sensing area. Although the relative

angular position of the optic sensors depends on their characteristic sensitivity curves



in the 180[err] forward viewing area to approximte a circle and thereby
sinplify the calculation to determ ne the angul ar position of the target
fromthe relative signals. Wth a preferred optic sensor apparatus 10 as
depicted in FIG 1 and descri bed above, the angular position ([err]) of the
target relative to the centerline 24, or zero degree, of the total sensing
area 22 can be trigononetrically calculated, see FIG 2. Atarget 20 in the
apparatus' total sensing area 22, or active area, reflects a certain
intensity of light | back onto the apparatus 10. The intensity A and B of
the light on the respective optic sensors 12 & 14, within the apparatus,
generates andl hacspatifich of thegipplicttiong the praferretl agglbdot ittee chddioid typegbptic
([err] and [err], respectlvel y) the target 20 nakes with the particul ar
centerline sohséwm df the prefereatt embodimeat ispatiout 88hwith sacrrnenanmpp&fera@lygam@ of

the two optic sensors can be mat hematlcall ex ressed as foll
Magni t ude oAt abioyh4$°® outwardly from the tha dotgt sansiig.preaf: the a apparafusy |
Where: [er
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[err] Since SIN(45) COS(145) [err] (A - B)/(A + B) = [err] =
err] The optic sensor apparatus may optionally be equipped with light emitters 18(a-
d). The preferred light emitter is an infrared LED but may be any type of optically
sensible emitter, including ultraviolet.or visible light emitters. The light emitters are

selected to be compatible with the optic sensors 12 & 14.

The light source, or light emitters 18(a~d), may be mounted adjacent to the optic |
sensors 12 & 14 within the optic sensor apparatus 10. Preferably, the projected light
from any light source mounted within thg optic sensor apparatus assembly will be
isolated, for instance by employing dividers, from the optic sensors so that the sensors
do not see the transmitted light until it is reflected back. In this arrangement, the target
20 will be a reflector. Any type of reflector suitable for this pdrpose may be used.
Preferably, the reflector will be a flat retro-refiector, or a cylindrical or s_pherioal reflector
type wherein the reflected ﬁght is sent back towards the detector in parallel to the
reflector’s incident light from the light source. Altematively. the target may comprise
light emitters or the light emitters may reﬂe& onto the target from a different pqint other

than the optic sensor apparatus assembly.

The size and power (or quantity) of the light source (or light emitters) is
dependent on the application. Regardiess of whether the light is reflected or projected



OR (0) = ARCTAN (A - B)/(A + B) Once the tangent of Theta is found, the
{ateral offset distance [err] fromthe centerline of the apparatus' total
sensing area can be solved for in dinensional terns of "Y', the distance to
the target's path fromthe optic sensor (see Figure 2), as follows: X =
[err] where: TAN([err]) = X/ Y For optic sensors having
different sensitivity curves, the angul & 'position and of fset distance may
be simlarly determined and solved for by using a suitable function for the
respective curves of the optic sensors. The angul ar position of the target
may be determined fromthe relative signals fromthe optic sensor with any
ot her sui t abtcethemsensorsi thelinkensity ofthelighit at thel sepsorsrshould tier sufficienditd provideer e
are a variety of uses for an optic sensor of the present ‘invention. For

i nst ance, taRcacspPtablessignalito-Raise datinfopaay targst pgsitian withindhe seosing ama while ess

vehicle to epahle the | verl ess v P'i cle to track a target attached to an
over head C&#@gi&p%@r 850 Fl{r?tg\pg gre%ﬁ%eﬁ%'ﬁoﬁ)nt al and |inear course. As
the target noves, the optic sensor will sense the novenent and generate a
signal corresponding to the offset angle between the centerline of the
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fixed. Therefore, once the angular offset position of the target is

det er m ned fohthenbngleuwfethe target basaed bndhetrelative signalsdromiseasorspsea halowe
driverless vehicle noved to maintain the desired, or center, position with
respect to Althoughraplic semsersdiaving a perently cirpulanshapedrsengitivity ewrve82iareaot i on
utilized on a driverless vehicle in the manner descri bed above generates-

signal s rel 3% COBMMAN afsSomg, of dhe otherdypPes 3 SpRIPrHaving farganple g gardild ¢ he
angul ar offget signals. generat.ed by the sensing.coils of the wre quided
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sensi ng coi pptic sensors have cardioid shaped sensitivity curves 31 and are preferably mounted
in a recess 28 within a mounting block 30 so that light at the extreme ends of the
sensors’ sensing aréas is blocked from the sensor. This enables the sensitivity curves
in the 180° forward viewing area to approximate a circle and thereby simplify the

calculation to determine the angular position of the target from the relative signals.

With a prefeij‘ed optic sensor apparatus 10 as depicted in FIG. 1 and described
above, the angular position (6) of the target relative to the centerline 24, or zero
degree, of the total sensing area 22 can be trigonometrically calculatéd. see FIG. 2. A
target 20 in the apparatus’ total sensing area 22, or active area, reflects a certain
intensity of light I back onto the apparatus 10. The intensity A and B of the light on the
respective optic sensors 12 & 14, within the apparatus, generates a signal with a
magnitude corresponding fo the offset angle (a and B, respéctively) the target 20
makes with the particular centerline 26 (a & b) of each of the optic sensors. The

output signals of the two optic sensors can be mathematically expressed as follows:



apparatus to convert a wire guided driverless vehicle to an optically

gui ded driverless vehicle. The optic sensor assenbly of the present

i nvention may be equi pped with | enses, filters or other sim/lar devices.
The apparatus in FIG 1 depicts an infrared filter 16 which protects the
sensors from dust and ot her physical disturbances while allowng infrared.
| ight to pass. The apparatus may al so c rise a processor 8 for receiving
the signals fromthe optic sensors and determ ning the angul ar position of
a target. The processor 8 may be integral with the apparatus 10 or part of
a piece of equipnent, for instance a driverless vehicle, upon which the
optic sensor is Mdgritadeof sighgl “wrocessor AawCOS(@)y type of processor
suitable for this purpose including a mcroprocessor or a group of

i nt erconnect ed diagnitede of sigagh‘®'=d ci rcB+BCOS(pMat is clainmed is: 1. An
apparatus conprising: an optic sensor assenbly having a total. sensing area
with a centerline conprising: a first optic sensor having a first sensing
area; a second optic sensor having a second sensing area; and wherein said
first and s@P8®econd sensing areas overlap to formthe total sensing area;
and neans for determning a target's angular position within said total
sensing area based on the relative signals received at said first and said
second sensors; jyheeid the centerlé'r{be_of sa'gd':j'éj;_%t sensing area and the
centerline of sard second sensing area are not parallel. 2. The appar at us
of claim1l, wherein-said sensors are arranged on opposite sides of said
centerline of said total sensing area. 3. An apparatus conprising: an
optic sensoTh@&gsenbly having a total sensing area with a centerline
conprising: a first optic sensor having a first sensing area; a second
optic sensor having a second sensing area: and '

A =1eCOS (45 - 0) and B =1«COS (45 + 0)
Now from the “Cosine sum of angles” law:

A = 16COS(45 - 6) = 1sCOS(45)eCOS(B) + 1sSIN(45)sSIN(®)
B = [sCOS(45 + 0) = +COS(45)sCOS(8) - [+SIN(45)eSIN(B)

By dividing the difference of “A” and “B" by the sum of “A” and “B” the angle “Thefa

(0)” can be found in terms of its tangent as follows:

A+B [eCOS(45)eCOS(0) + 1eSIN(45)eSIN(0) +(leCOS(45)eCOS(0) - l¢SIN(45)eSIN(0))

(A-BY(A+B) =  (2eleSIN(45)SIN(D))/ (201sCOS(45)COS(0))

Since SIN(45) = COS(45) = 112:
(A-B)(A +B) = SIN()YCOS(©) = TAN(®)



wherein said first and said second sensing areas overlap to formthe total
sensing area and the centerline of each said first and said second sensing
areas forma substantially equal angle with said centerline of said total
sensing area and neans for determning a target's angular position within
"said total sensing area based on the reéative signals received at said
first and said second sensors. 4. The” apparatus of claim1l, wherein said
first and said second sensors have sensing faces directed toward a |ine
perpendi cular to said centerline of said total sensing area. REPLACEMENT

SHEET 2- 3 JUL 1999 5. The apparatus of claim 1, wherein said
target's anggrl ar position is determned relative to said centerline of said
total sensing area. 6. The apparatus of claim1l, wherein said first and

said second sensors are responsive to the sane type of optical signal. 7.

The apparatus of claim1l, wherein said first and said second.sensors have
subst ant i al (6) =i ARGTANAA -BWA+BYity characteristics. 8. The apparatus of
claim1l, wherein said sensor assenbly further conprises at |east one |ight
emtter. 9. The apparatus of claim4, wherein said sensor assenbly
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first sensing area; and, a second optic sensor having a second sensing
area; said f¥ollows: and sai d second sensing areas overlapping to forma total
sensing area; and nmeans for determ ning the angular position of the target
Wi th respect to

X = YsTAN(@) " where: TAN(®)=X/Y

For optic sensors having different sensitivity curves, the angular position and offset
distance may be similarly determined and solved for by using a suitable function for
the respéctive curves of the optic sensors. The angular position of the target may be
determined from the relative signals from the optic sensor with any other suitabie

_ method including an empirically derived truth table.

There are a variety of uses fof an optic sensor of the present invention. For
instance, the optic sensor could be positiohed on a traditional driverless vehicle to
enable the driveriess vehicle to frack a target attached fo an overhead conveyor in
which it traverses a horizontal and linear course. As the target moves, the optic
sensor will sense the movement and ggnerate a signal corresponding to the offset
angle between the centerline of the optic sensor and the position of the target. Since
the target is traveling horizontally and linearly, the _distance befween the floor upon
which the driverless vehicle travels, and hence the optic sensor, and the target is fixed.

Therefore, once the angular offset position of the target is determined the absolute



said reference |line based on the relative strength of signals received from
the target at said first and said second sensors. 11. The apparatus of
claim 10 wherein said sensors are | ocated on opposite sides of said
reference line. 12. The apparatus of claim 11 wherein said sensors are
angl ed away fromsaid reference |ine at substantially equal angles.
REPLACENMENT SHEET 13. The apparatus_of claim 10 wherein said reference
| ine conprises the centerline of said t1 al sensing area. 14. The
apparatus of claim10 including a |ight source for illumnating 'said total
sensing area. 15. The apparatus of claim 14 wherein said light source is

mount ed on galed d%?&?:reaééi? be ]s}%ived%r %PH Etﬁétdrl:@elflégs %tﬁé rﬁé&?\}éagtot Rl thé"

offset of a target Troma reterence |1 ne independent the di'stance

bet ween sai gedirdti 96 cemlist, padiibrAnBRfedbadt t6 HiBaigetng: a first optic sensor
‘having a first sensing area; a second optic sensor having a second sensing

area; said first and said second sensing areas overlapping to formsaid
total sensing area; and neans for determ ning the angul ar position of the
target with respEw optic sensbrr apparatus of |the erésent dnvention artilizédaon \ee deverlesgt h
of signals received fromthe target at said first and said second sensors.
17. An app¥ehigladn thecwannerdeassribediabaveenesstes sigaals delative-tothe angulge offset

:ai:)ég?d}M:n:gjht ol o o d&l%rrééhé‘gﬁsﬁléf St 3@5%@?%@&3@@@%&%@ lsavay
accor ot ng 1 8 HecHie auiqeR MvePkas GRS orsufiftedts 7S; Phtent e BrCHREHS S

sensing are ; condhag ' ' i Laht
source i o erd eg\oor&?at%ap&f AdfEenBE.C O WdboHdinigly, # @il"Be' ppfesiafid thafafl Spt"
sensor of the present invention can readily be interchanged with a sensing coil

apparatus to convert a wire guided driverless vehicle to an opﬁcally guided driverless

vehicle.

The optic sensor assembly of the present invention may be equipped with
lenses, filters or other similar devices. The apparatus in FIG. 1 depicts an infrared
filter 16 which protects the sensors from dust and other physical disturbances while
allowing infrared light to pass. The apparatus may also comprise a processor 8 for
receiving the signals from the optic sensors and determining the angular position of a
target. The processor 8 may be integral with the apparatus 10 or part of a piece of
equipment, for instance a drivédess vehicle, upon which the optic sensor is attached.
The pt;ooessor may be any type of processor suitable for this purpose including a

microprocessor or a group of interconnected discrete integrated circuits.



5.  The apparatus of claim 1, wherein said target's angular position is
det erm ned—+etativeto said centerline of said total sensing area. 6.

The appar at ' ggpherein said first and said second sensors are
r esponsi v%‘@‘ﬂ“ﬂlﬁﬂtﬂm{g‘mﬁof optical signal. 7. The apparatus of claim
1, wheré€in rat and+=said second sensors have substantially identical
sensitivity characteristics. 8. The ggpar atus of claiml, wherein said '
sensor assenbly further conprises at |edast one light emtter. 9. The

. apparatus of claim4, wherein said sensor assenbly further conprises. at

| east one light source and said |light source emits light toward said |line
per pendi cul\m1 t.0 %?i d.centerline of said total sensing area. 10. An
appar at us f'OPJECEIMEAiSg t he angul ar offset of a target from a reference

line, said jyefergn ' | ng. f | xed i ndependently of said target,

conpri si ng:{'a f|“§§%%%@§ ‘%@h’ggwghavi ng a first sensing area; and, a second
OpLiC sensor Naviefiiud SarasseRibhy, Havitb 3ot 3bflsihh bida it atahibrieb ond
sensing areas overlapping to forma tofal sensing area; and neans for

det er m ni ngedrsrisipul ar position of the target with respect to said .
reference line based on the relative strength of signals received fromthe
target at said first gfirst opticsensophavirgpa ficst sendiag aréghe apparatus of claim
10 wherein said sensors are | ocated on opposite sides of said reference
line. 12. The appar & second aptiaisengar havinga secondsensing@rea:and angl ed away
fromsaid reference line at substantially equal angles. REPLACEVMENT SHEET
13. The appar at us o¥hereis said firshaad seid segppd sensing.ateas ovedaR indormdae ¢ he

centerline of sa{og@t otal sensing area. 14. The apparatus of claim 10
i ncludi ng a | i ghPR&EPEBIAF2: @i nating said total

means for determining a target's angular position within said total sensing
area baéed on the relative signals received at said first and said second

sensors.

2. The apparatus of claim 1, wherein the centerline of said first sensing area and

the centerline of said second sensing area are not parallel.

3. The apparatus of claim 1, wherein said sensors are arranged on opposite

sides of said centerline of said total sensing area.

-4, The apparatus of claim 1, wherein the centerline of each said first and said
second sensing areas form a substantially equal angle with said centerline of said

total sensing area.

5. The apparatus of claim 1, wherein said first and said second sensors have
sensing faces directed toward a line perpendiéular to said centerline of said total

sensing area.
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sensing area. 15. The apparatus of claim 14 wherein said |ight source is
mount ed W@———i . An apparatus for determ ning the angul ar
of fset of"a target froma reference |ine independently of the distance

bet ween sai m;‘mﬂ‘\ & apparatus conprising: a first optic sensor
havi ng a flm“m a second optic sensor having a second sensing
area; said first &nd"sai d second sensi r}% areas overlapping to formsaid
total sensing area; and neans for determning the angular position of the
target with respect to said reference |line based on the relative strength

of signals received fromthe target at said first and said second sensors.
17. An apparatus according.to,claim16 wherein said reference |ine.is

fixed with $espethe apparaiug of claim 1, wheteln §aid target's anguiagposition is determingd

according to ¢l aim 17 wh st _and second sensors are angl ed away
from said r#& %P’?ﬁeéalq %’ﬁ"‘%ﬁﬁ%ﬁ'&ﬁ?‘?g FAVEAER- angles. 19. An apparatus
according to claim18 including a li-ght source for illumnating said total

sensing area. 20. An apparatus according to claim 19 wherein said |ight
source i s nMpunt efhe apparatus of claim 1, wherein said first and said second sensors are

responsive to the same type of optical signal.

8. The apparatus of claim 1, wherein said first and said second sensors have

substantially identical sensitivity characteristics.

9. The apparatus of claim 1, wherein said sensor assembly further comprises at

least one light emitter.

10. The apparatus of claim 5, wherein said sensor assembly further comprises at
least one light source and said light source emits light toward said fine perpendicular

to said centerline of said total sensing area.
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