; abe3egd| 26hTBF24 Novenber 2004 1 A METHOD AND A SYSTEM FQR NblehhbdP2BE4
RANG NG OF A SCENE Field of the Invention The present invention relates to
a method and a systemfor nulti-pixel ranging of a scene, using a single
detector/receiver associated with a tine-delay arrangenent and is
specifically concerned with such methods and systems in which the tine
delay is constituted by nulti-length optic fibers. Background of the
I nvention As far as passive, two-dinensional scanning is concerned,
especially in the visibl AMEIGHORN AR ASIRTEM Pf@&sent -day technol ogy
has provi ded a satisfaMbly[BRIXEL RANINGOFA SCGEN&Is detector arrays
and matrices, such as, e.g., CCD devices. The probl em becones nore conpl ex

when the scene to be scanned requires active illumnation. Sone of the
known ddielded thednvbertidhr ect scanning solution, in which the illum nator
beam i s passed through a scanning device and inpinges upon the scene. The

reflected light, after being steered by the sanme scanner, produces an inage
on a det ect orl heTHiesanbyn vRytivar tedatemtp & meethedand edsysigiaHpo MEHIPIBAl EHEEE t ut e

serious drawbacks. At thﬁ o} her ?nd of the spe tr,lfm of. _scanni ng devices is
the dot LEORCREr L HRDEIF e SOTICENEr PROBERS The WHE UAY GEABE AREh | s
"seen’ 4hi (iﬁe b é’alﬁncﬁ{cre?ﬂe(?(viﬁl%tﬁ tlﬂéﬁrodpﬂﬁd%g?@h‘nscﬁf \fv}ﬁ?éh“ﬁqe%_lphg%ga‘gfvi ce

sol utions ends on varl ous paraneters; assocCi partly wth

itself W@bxﬁﬁmtb&bﬁhﬁﬁltﬂﬁacﬁ‘;@?ﬁc #ipedrd he at nospheric conditions, in
conjunction with the demands of the overal l system Sonetines a hybrid

solution is indicated, in which a detector array having a partial field of
vi ew onBachgoowmnd af tloe Bivegityorshaped i | | um nat or beam partially scan the
scene. Such conplex sol utions should be sel ected when three-di nensi onal
profiling i |f:|ag is 24 Novenber 2004 required, especjally i ?1 t he
infrared regfonadfast Passtise dMoatmensional Ssapang; BuFaRqeinGth et PEgiallydiflethe

thr oo, P RE B ep RSB AR aBL BANAIEY AT e d AT e e
or part a@wdrt in R BmMapT 4rds A4akEABE %ra&@oﬁrﬁﬂilﬁgﬁ&eﬁﬁ?ﬁ@ ayl telp L iteD

associ at ed range-neasuring and i mage-creating electronics. The st serious
di sadvadtvges. oTh¢ pastdesievdcomses imotdeoipranahéntharcenesodfe shahaed ocquitdsat
nust be both sensitive and have a very rapid response to the short pul ses
of the pelbwyiliunpigationt drosne of the knhesedevicesniseather direti scaneingoial eégvbridi ng
detectors.that are .used in mlitar e finders. The light.radiated is not
eye- saf B eHIUABEA QB earD IS PSR RGP & AGUIPESEYITG Sle LT POt SPaRe
very cojpl n X j s N risqn. w.t i on or
very O SAEN SRR SRRSO LA Ao dlELesh

eye- saf gnglavbg aSda8dof Uer il nidign %ﬁata% tandene! RRIREH SyABEraaYRitloAbbdnistivuref
solid-state, eye-safe laser illumnators, a simlar demand is felt for

appr oprsaaions APDvHstlgct or arrays for eye-safe, three-dinmensional profiling

i magi ng. This nmeans a | owcost array, or at |east a sub-array, of APDs,
sensitive to the wavel ength of eye-safe laser light (1.5 to 1.6 pm, Until
recent |y, noAstherother end phshespasiavmpl seAnainpdevisevisthedlepectose@ai The | aser

range finders operating at, 6 such.a wavelength arge tog difficult to roduce
Lo o (HEET S S ipEeR o8 et Fe0F, SRR Seef ibhbl] Wepacdird %86 Far
only pa&ééabrssuccess has been achi eved in developing a prototype of such an
APD having a ‘quasi-array of a few el enents, which suffers from enornous

el ectronic conplexity and is very expensive, nmaking it inpractical for

wor | d nar ketTienmadscal Uvaludaifethesd, 38hiind depavdy Jordivegloage padim@pisi cal
detection systemutilizing an organ array of optical fibers, each cut to

di f f er eassodietegtrstly ovich dneldeticedwsklfadnd pertllyivbzh shbecay ard drgadiaspherigri d
under a planar witing surface. Detection neans are_coupled o the other
end of WAEHIEE, theombrton THE the derandemiotheao el chistemor SBREHISE & he

fibers hr)%rllldde gO%U{[igl? iS ¥nsc§iggile%??r1?(\a~rhslglﬁ (?quctgxg %}'rla f'havinzg4 a[\jlaoa\{‘ﬁeqp %reld2 89 6iew
only, and an accordingly shaped illuminator beam, partially scan the scene. Such

complex solutions should be selected when three-dimensional profiling imaging is



3 Disclosure of the Invention It is therefore a broad obj edtNofentee2p84sent
invention to aneliorate the problens and di sadvant ages of the
- above-descri bed nmet hods and systens for the ranging of a scene. It is a
further object of the present invention to provide a nethod and system for
mul ti-pixel, ranging of a scene using ézsingle det ector/recei ver associ ated
with tinme-delay arrangenent, based on multi-Ilength optical fibers.
According to the present invention, the above objects are achieved by a
met hod figqued.t especiaély manke nyfrefedaregiemenf twnppéciinng, vhd wmoeppasticularly
provi di ng, a singHg,qetector assqciated with a tinme-delay arrangenent;
produciH%hglﬁf%%ﬁ§ﬂ¥PW%wmﬂﬁkﬁﬁP Y$§A: of pul se echoes of at |east part of a
renote scene in a defined ranging plane; receiving said distribution as
produced on sai j e cQnv.evi j t c | o} se
Phrough a pl uri 1egT 8 R ts 2 BRI S e he R OB G DR T
while i 'Hi%l@-%@@\'eﬁ‘;ﬁi Fasel, BLEGINAYing WHETsBEYe SR ShrE a1, PAHE 88 AFdyY b€ aAhajanehe
single deTector in a sequential "order, and ‘using an electroriic logic to
reconst rphotodiades t(ARD e rivithl thk shgsobiatdd nrahpemeasuditg nendd enzagedeeating
pul ses received by said detector. The invention still further provides a
syst em fedgctioamgs n'éhfof‘ﬂ%t senaes dsedpritegan gf dpsedlevicasandhe denvapdtfer arrays
replicat f a renote scene range djstripution on a defined rangi.ng pl ane;
L or ot e e TRk MBS DE B RS IYBais BROAACRY TR SBABSO 1 SEosarbm
sai d rangi I , f id conveying neans constituting an optica
pat h ofq%$¥$éﬁén E?%ﬁgﬁ%,ﬁ?ﬁﬁgbducing time delays; a single
detector/receiver for detecting the echo pulses tinme of arrival in a
sequential ondgrhesouGadatits 88l ¢hd EoPeFRINAYSy daRBions ted @6 L1seH Th melgagy f ed
by said single detector to reconstruct said scene by the ranged
di stri butngmfioflemchdhpdigesadiated iNaveebesafDadd 4h8rARD detsctorptvitn tlodir t he
Drawi ngs The_invention will now be described in connection with certain
pr ef er r EANENBBILIRS Rlectgnies peg ¥eBheempiex ARd CXPEB AN Crmparisen wath ithgir es
so that it nﬁ{ bfdnnre fulk¥ un ershggp. Wth specific reference now to the
fi gur es SPRYUBURL deteptar Ay JOEL 4 VIS 9RCB3r ti cul ars shown are by way of
exanpl e and for purposes of illustrative discussion of the preferred 7
enmbodi nent s ef,;dihe [ alVA j I 1 i se
of provi di ng ekat P BE PR ehEVEE BaRaREItr cPOGaRt pALES R S D 1e0e Soa
descri pdeogiopmehtieand i Availabdkyasf schdeent uale-asfee tdser dfluidigatorsy entsimaflar | n
this regard, no attenpt is made to show structural details of the invention
i n nor eddeaaillis tthlrfor appecpsatar APDodetgcfarmataapsnial eymetdes thnadidugeosionhke

invention,_the. description taken with the drawin maki ng appar ent t hose
ski | | ed Profiking lapgingholhth 81688 & W iCostarray, Pﬁé‘%i BRAS It ﬁkgbbraﬁaya 192 %ﬁﬁéﬂi ed

iaQﬁEi 3 HEeve et é‘%%fﬁ%m%%%fe gt l%f ERS rﬁiﬁ'l‘aié%ﬁn?ﬁr@%%fyg}noed,
g _ Alegty ihiE“Ebaied,
" epr ocehted Y, B bR A RLHE SERR R R 0 TR B 00l s

one- di ”§ﬂ§ﬁé}ﬂﬁ|w§\¢e§&@tﬂ%€%§ %‘f’ﬁé‘ﬁlit 8 :prbiiee Bs %mmexelmvaﬁ%?@.p! Déspite

staring configuration; Fig. epicts an exanple of a conbined fib
ar chi t eefforte;repoged Tnitheusteratues v Parachiyc phrtiat supeeds kay dbeom achidvied in
architecture of Fig. 6; Fig. S shows the use of a sub-bundle of fibers;

Fig. 9 Hevalepingteprowsypeeiofuch subABDnbRreings a fquser-arreprofugelew efements,
Iight-in&e sity detector/receiyer; Fi%. 1(1) i.llustrates the use of a .
nedi at o 1551( Sal?%@ Fm enormous electronic Complexity and 1s very expensive, making it

impractical for world market demands.

U.S. Patent 3,991,318 (Duguay) discloses an optical detection system utilizing
an organ array of optical fibers, each cut to different lengths, one end of each of the
fibers being arranged in a grid under a planar writing surface. Detection means are
coupled to the other end of each of the fibers. The utilization of a detector for each of

the fibers renders the system cumbersome and costly.



Fig. 1 1 shows a first nethod of coupling a relatively narddvoveniper 2004 a
much | arger detector/receiver; 24 Novenber 260d 5 Fig. 12 illustrates a
nmedi at or arrangenent for the sane purpose as shown in Fig. 11, and Fig. 13
is a detailed block diagramof an enbodi nent of the el ectronics associ ated
with the single detector/receiver of the systemaccording to the present

i nvention. Detail ed Description of Preferred Enbodi nents Referring now to
the drawi ngs, there is seen in Figs. 1 and 2 a bl ock diagram of the system
of the fliseleptire ol heknoentioanpri sing i magi ng neans 2 such as, e.g., a lens,
a bundle 4 of optical fibers 1 to 1 "', a single detector/receiver 6 and

signal addressi.ng,logic 8., The fiber-detector sub-unit. is, denoted b

nuneral 10, ahd® LHECEE: fe PSP, SIBY St diTesSHl Y plgh” 1 (HierioTaRs e
details st i G S @ d b ugt ' i

pri nci plpg&g H)t(g hiﬁt?rc\i\&;sgrd\rt‘ ?lg)r%,gggco?o?] i %%&{eg%érﬁ lgﬁat l}%%hj\l/\%l éﬁgr%yﬁl&]% etthe%t ors
requi redaltgxngcglﬂwge@;mnal range imagers is replaced by a single '
detector/receiver 6. It is assunmed that an illum nator (not shown)

illum nates the scene by appropriate pulses of light and that a nulti-pixel
optical imgét ofa finthegadyect of {heguesend ibyeintiegingronddas nethddk andisystam

plane 14 in which the front end of the fiber bundle 4 is |ocated. The plane
14 col | &% BWhpsdnsanging afhd scenc Npmg: &5nglgHCteGIeHT eItV aTagsseagh it of
t he scepe ch _having:i 0 ran nd,conve it to detector/receiver 6.
The strg‘ﬂ%@ﬁ?%ﬁé‘&ﬁ%@&“@}%?@%‘m‘gﬁfﬁaﬁth Q/ﬁé‘?%ﬁpeé%ch' range pi xel of an
i nst ant aneous, multi-range pixel scene is channeled into a single detector/

receiver whi h%cﬁ%dihé_troeil?é I'jir@&n!tti%vbﬁ't‘iid)ﬂ/,' thealabbye élagétlse@x@ kiclﬁ’i%%@'%ﬁ% from
Fig. 2 and consists™in introducing a time delay between the arrival "at the
si ngl e dwitlesd for/ mehspised radgiagadf aﬁeehh,eccﬁthﬁsmtgrthwmé}'ist efiprovidiegpi xagk

This is realized by providing each of the fibers of bundle 4 with a -

di f f er eAtesieri @agocpret MaHytd, timeedelag arfahgement;phyeilveing| @ndine-aagval
clearly,seen in Fi.g..2. There is shown a fiber bundl e 4 havj r.~ fibers
ext end! AGTHRHIRE AL UK SRS feayBastnert 9L AFFBPE SherEcoh /debber aRERE |

IS seen t thars: L qs. 4 ] el ' le e
symbol | BAIEL SO P it ouuig e b iaet b Joi s pitednd Mo i e
Wi th thecHy pajsen%s eEh®pagd e gh i OpAlraREAbE 28ho hullfYicenBe@hgsmehMMd &
Gven the limted rangé i nager Space avail abl e and wei ght ‘perm ssi bl e on

t he onesihglddeteaidr théeirtroditipgaf tineglelayg whdrebpshidrechiotpuil sesavive s saikdat

t hese delays are of an order of magnitude of nanoseconds, but are still

wi t hi n $iR8lepdriestontn pssanentiadmrder, apgiusing an gledionigdggic tthaceenpawt said,

time-ordered el ect.ronic pulses outputti fromthe single detector/regeiver
6 and 1RCTETIVAL SrEATioRddraEsSHY Lot EBYRRI PO RLIE TgorRed ol Fiiige
and art&&%&h?lly added tine-delay address, to be individually recognized
and processed by the signal addressing |ogic 8. ‘

The inventjon stil] further provides a system for ranging of a scene, comprising
optical means to create a replicate of a remote scene range distribution on a defined
ranging plane; time-ordered echo pulses conveying means receiving said echo pulses
from said ranging plane, each of said conveying means constituting an Opticél path of
different length, intfoducing time delays; a single detector/receiver for detecting the
echo pulses time of arrival in a sequential order produced by said time delays, and an
electronic Jogic fed by said single detector to reconstruct said scene by the ranged

distribution of echo pulses.



The present invention allows for several fiber bundl e confd4dloveribeng)04
depending on the light distribution created in ranging plane 14, which, in
turn, is defined by the overall illum nator-detection system chosen. In
principle, there are three configuratigns available: a configuration -
redui ri ng two-di nensi onal scanning (Fi 3 3), a configuration allow ng
one-di nensi onal scanning (Fig. 4) and a non-scanning configuration (Fig.
5). The two-di nensional scanning configuration of Fig. 4 shows a bundle 4
of , in Brid Resamiption bbthe Prawings t he ends of which are |located in ranging
pl ane 14 and over which the inmage is scanned by any of the per se known -
t wo- di mensi offke swantien swill mosortfeodrsaribedi ith cohaeetbav evigh vesataex prraffaradons
concerning the time-delay principle, each gne of the four fibers is qf a
di f f er esmboghgents withowiensriite ahe Jolawing slestratiyg ﬁgérqsnﬁfgiﬂaﬂ %&ﬂ%q’f
(Fig. 1). A one-dimensional scanning configuration is shown in Fig. 4.

Her e, bHFRiFéLIQ)’(‘HﬂeHSfC?drange plane end) is flat, and of a linear extent
that covers the | argest horizontal dinmension of ranging plane 14, in this
case, its dianeter. In this enbodinent, too, the fbers of flat bundle 4 are
each of a di K{rRefeciRNGtfBrence MbW! ioPheAPiRURS ai aidtdihalt Mshittesstd Ithat the

i mage-si de end of "bundl e 4 nust be flat, the rest of its |length may assune
any shaperticlies shape at iyheageofetamplei al Bropwipbsesef dilustutiveddiseissingr

bel ow. The 24 Novenber 2004 7_ advantage of this configuration,i .tp&t

r educed of Shppesitired emhodémenisel e presH ilﬂﬁemaﬂ%ﬁf‘dﬁfﬁ.Pr%S‘%W‘?‘ﬁgl es a

2751 2o BRUSECOF PROVIEIRE SR i TRBGR g0 e Sibst et HAhCufgkida Sueh
fi 100 j ; ' P kT \ ; t h
ot ner *nactt e B A L o b s e e - gt

present ndidifetpt! it irgadd @ siseNanaRAlhE détatlp T therinwhittdn possorbl detsidltar sns
wi Il be proposed further below. An additional parameter influenci n% t he
fiber buacissanyofifri gfuadamaniad understandingpff diet vrvestionhshe cleperiptaon ilyen

transfer. Wiile it is npst convenient to ovj de one, fiber for ch range
pi xel 1 Wilahgidranpaeaking aparaite dhose shlrlinBethoiiie srverek fame st
avai l abl.e fibers, when packed t.o forma bundle, produces blind spots

bet ween Wiy ERYIRH fl?%gt?esgn&ﬁ‘r?dflp@ég Ut a dianeter of, e.g., 100 um the
extent of these blind spots is liable to becone significant, inasnuch as

i nportant infof ljagq Q%y be missed. In such cases, it is advantageous to
use a nunber I?nl‘gao ? ers of a small dianeter (e.g., 10 Itm, to jointly
col | ect Fihe isangecRidialrampsfeaysieyn sadréiniad thy peessnhighventia8p pm di anet er
fiber, resulting in a(fronouncepl reduction of the blind spot areas.

Dependi Rig.¢his &re enlapged, anote deteiled eschemadicedesekthseliboy/deteor ik ohtes may
be directly coupled to detector/receiver 6, or may be nerged into a single,
| arger fiber speemr e Figadhi ng detector/receiver 6. The term"fiber bundle

ir chi " f ' .al Li.ght i df h
angi ng i Pttt vk aRARS Pral-dubtR ARAMBIAT. oF Fher: in direct
ar chi te?gé”ﬁsho%kea &h -edgﬁ"legﬁgﬁalfééﬂﬁﬁilirgzcdlﬂ'f‘g@ﬁﬁ%ﬁ;n ranging plane 14, the

ot her end®bel ng coup t etector/receiver 6. This architecture is

conveni B, Sviriwd Hgonuotesingf starikglcenfigutatiopt i ed by the diameter of the
fiber, is close to the detector/ receiver dianeter, thus ensuring that
1110St Big.théepdets enteamde of waronshintd ddenarchitgeture] uni nated. As an exanpl e,
when 10 fibers are needed, .each of a dianeter Oﬁj' 100 un}“ and. t he

Y of E

det ect oF1& godiugBntegiaanaciarali OMPaCtyErIoppl e arcliteetre 9f Et§-t%cture will be
a eood %pgo.ifics%ows the use of a sub-bundle of fibers; '
Fig. 9 illustrates the use of a sub-bundle of fibers for use with a light-intensity
detector/receiver;
Fig. 10 illustrates the use of a mediator arrangement,
Fig. 11 shows a first method of coupling a relatively narrow fiber to a much larger

detector/receiver;



24 Novenber 2004 8 The conbi ned architecture is used when 2diNovembiecESHF
needed fibers is |large and/or when there are severe restrictions on the

vol une and wei ght of the detection system It should be kept in mnd that,
due to the increasing length of the f bers (one with respect to the other)
in the bundle, the total |ength and meﬁght, in the direct architecture, may
be too great. 'The conbined architecture resolves this problemin a very

el egant way the fibers used in ranging plane 14 are chosen to bedgf igall

di anet erig f oy ilRKgaRs @ mbdidton yrraSpaeendi for ane eamaypurposa aheheRAdIgep! ane
the fibers are inserted into a main, thick fiber (in this exanple, 300
Enn), each fiahdr at a different distance, to produce a different optical

path for_each fiber, as required by _the i L.Qn - GO hEh i on,
Phe tof i | béx a1sien PO AET ML Torergrolng! Ik SREFRRIGpspatal P2
is much |ess than the totaf el gl bescondg kd theeprtisenct
archi tect ure.“’%gpi‘E nsggéfs%sg]%&ﬁ%%tgﬁiaﬁg; b(g:t \%/\h/e%an@'?ﬂ;%ﬁ%?n fi ger di a_rrgters and
the detector ;dign@her requires a thicker main fiber, several main fibers
may be used, with only a part of the ranging-plane fibers entering each
main fiber, or a thicker main fiber may be used. Schematically, this

ar chi t e@dtned Desedption ofi Breferredhbwiboglinends ng pl ane 14, detector/receiver
6, main fiber 18 and thin ranging-plane fibers 1, 1' 1 " to 1". Pig. 7

shows a practical, compact_ version of the architgcture ofFi ey jng a
coil 20 on v-RalemmganewfipgRe drgvingsyiishe 1S SEN W f‘gésﬁﬁéﬁ%t%ao@t’{;ﬁéh ?}rﬁ:’

i ng- pl fib " a o Ihe f . [
171 ourhitBe Sy ohie eitstayine et b RRE EI AL e 2 BLEF 88 c £

di amet erg, (€& Gunait0s BiNpiiddll fvds BagbPCN St ddtectsaarcévares ani sighal
adj ust nen neeHe bet wee% the exact fiber position and the rangéﬂngngl xel
i

posi ti onddAssinkl Msid 8t eThi Mitdradet&tot beb-amituisi denated tihyi sumesy| & thfund
in the previously nmentioned replacenment of each ra,ngi]p plﬁe fi Ber&bé m X
N~ t hi n ehiibeswstanthy mimeradRad InFigubihapdreseepdetaiis e Bt d O el ke ng
a single fiber 1 tqo 1"!. If; for exanple, 3 x ; = 9 I

fibers dr élsﬁsé@,ﬂrﬂ%’égftBEa‘W‘){l%H%tlﬂlr&Fflpth%f Fl&%él?\yﬁedltlr?@ar?icgpgﬂéégﬁge %trg@@%ch
an extent, t.hat tpe r i i i , bd iRacedi N%{ﬁﬁmrb 004 9
sub- bundYeOl; ik &f SP&%&% %&@Jegoliru%811%%§gla? ?B;égéslaragecoln%‘rer cial, gnd t he
probl em ' ; rance is elimnated. Furthernore, the mx mthin
fiber m)S él@??ﬁggﬂgﬁggﬂpﬁ gnal advant ages and can be used to resol ve

addi tional problens and fulfill other functions. One of the mx mfi.b}&r_:‘s
can be used tlp easuredthaenhi dhumnitator (hein shownpridverinates the 196616 | Ber s
of sub-bundle 21, e.g., true ranging polarization .ar’id.the erI:tk . This. -

modi f i catpipooprdste tinasds bérlightc pnd dbalne MUAETRIXG] opPHEal Bpage eﬁb?r SV &in be
used to solve additiopal probl.e in the | ti:-pixel.. j [ £, A4

acconpl i@ﬁé@c%bgﬁmaﬂ‘?&&?ﬁ?ﬁ Bn efriaﬂgmglgﬁp&wweg&ﬁ‘tl}’éﬁgg%nr}??'ge%ndség} und| e

21, f ] Il el dl - i . ¢ i ichnd
L, for $$$ lﬁgp(@%% d&f}f’t’%‘)‘%ﬁm 'flaéﬁ)ézg{eo PANLRELRYHE Lﬁggsalo_f tROGNBminAeF $ighn

couplin r (not shown), designed to neasure the
ot her Sg?ﬁl'nf %1% Viehls BERO dITBREceh8SeacthHavinkf itS Wivibumeieeand loaveyusietb t o
measure the distances to the target pixels using the del aﬁ/ sol ution

accor di ngeté@oit/RR eBiee ¥enThienstenagam, plovididebp 2heragvdygians ey ergbyreashranghe
genui ne, undel ayed ranges, thus enabling the s~st enp ta dist 1({1@3%15{} lb)e}vveen
proper tixgesf amihstegandayst mettidengantrelRerie 8chaBacleAdptag SINEnSEF R t he

f i l.evant, addjti | ,.0b | SiLi "y . of
e ) T RO SRS e
i xel -rel at del ayed : ety A .
SIG?S~~;260?1§%‘ gle%lﬁ)%gg{ng?gfnee a&gfgagf&eéﬁ tth{é AAVAES thE Gl MRl &/ @elder

( _ corfect pixelrelated ranges. Such additional
i nf or mat 00,1, WieHe FOEF-BahbMitkSBrngWiikelpr SVayis redigzedne} peividingfeacheddhe
obstacles 1n the ?I nal target ranging, thus reducing _stystem fal se al arns.
Thi s addfibérenalbuintfeot mith auiffeiehnt optiedlipaith kengtingie, adifferest pbydes lpagine
correct range pixel identification of Ii %ht echogqs]av?en t he ene, de

c th,
i.e., the clamge sderf freFepck Ddere-seshavie ademr dynd Bty'ﬂ‘?%lés@ggﬁjeé‘&ncﬁlﬁgt he
scene is simlar tqQ the system .induced delays., Anoth t
addi t i on2EtWEan- KUHARS Pi?"lul% fhr éﬂ@dﬂpr?”?fgqe.de%eq){%ﬂ WhEh et fér | IF gso%%gc{hga P,
l'ight-intensity neasuri det ect. 3.4..Thi s, ol i S|eenbupdhgg 23
as a reféﬁ@n elbrwﬂge&3H8Pesénﬁégh@%hgﬁnQﬁi?@%bo%”@?éh??%ﬁ%ﬁs ahd I ogic 8
from being blinded by high-intensity |ight echoes. The signal fromthe
undel ayed bundl e 24 f~ovenHer 2004 10 22 arrives at its detector 23 early
enough to let nmain detector electronics 8, by neans of control circuit 24,
to reduce its anplification (voltages) automatically to the required val ue.
In principle, the fiber-to-detector coupling should not pose any

. N e



The above-nmenti oned conbined fiber architecture ends in t 24 NdhvepbeoR0Rd
single main fiber, of a dianmeter that may be from 100- Q0 pm Wen
detector/receiver 6 is of a diameter of 0.1-1 mm it can accept the fiber
as is. But in the extrene case of a thip fiber (100 Eun) and a

| ar ge- aperture detector (2-4 mm, in sprte of the fact that the direct
approach may be adequate, it is advised that the |ight be diffused over the

entire detector aperture, in order not to be dependent on the detector
surface REsHsEEmeIgdin ageordancecyih thapingl positisarandethersegnal eddrensing logie8 at
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singl e deteof an/ orleei ofemagntadp! 6 nhRodelcBRls, bbb 4tilINwaihiArihangeventsrused
to produce range neasurenents. Seen are detector/receiver 6, feeding a

~preanpl i feselutian, ofdogie@. anpl i fier 32, an A/D converter 34 leading to a
menory 36, and decodi ng and processing unit 38. The unit 38 is

operational ly interconpected wi,th the preanplifier 30, the amplifier 32,
the A/ D convelt @ ¥Wayaie saquentiah finesardesed shactrgasunnises ongnuting fmghe

provi ded,: 0 l- unit- 40, .and a range out put. 42: 1t will.be
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the spi rand mocesseébyithé s@ial hiddiessing hegied : The present enbodi nents are
therefore to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the appended
clai ms rat herTltchaprebontt invémi@goiliovserst iseve@n, fivsefl Bhhdiehanaezuiicii, come
wi thi-n the neaning and range of equival ency of the clains are therefore

i nt endediependiageembtlae dight rcgsteﬁbnnon @4athid vientzeng R0 Qdlark? 1 HVRitS @ AINELD | S:

1. A net f.qr non-scanpnj multi-pixel ranging of a scene, conprising the
st eps ofd.?3 ‘BFgaﬂhﬂﬁgo‘é@é‘ n’éﬂ&“@éi%c‘ie&?‘;’tmcﬁﬁ@ﬂ 6Bi akle@ripFite.atherendralel ay
arrange o F Ci S e-arriv distribut.ion of pul se.echoes of at
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pul se. gy géchg pul se through a pl lgga?%n?%lgi&g%ﬁ%ppfj‘faggyf%n@g% n@ er@ggsa to
sai d si mghescdeniagtoonfigacatiorefhigwh).l e i ntroducing a time del ay, whereby said
echo pulses arrive at said single detector/receiver in a sequential order,
and reconstructing said tinme-arrival distribution fromsaid tine-delayed
echo pul ses rdgdmpedingnsienal sdanniog sonfiguritiver of Bigd 4pvhowida byndle wifput

hi bit | ' f _said 2. T thod as clajmed in claim 1,
g 3B CBE S0 o el oo b Y S1BE anc
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replicate of a’renmpte scene Tang ution- on-a defli g pl ane;
ti me- or dartedneclichepfhseoaony ey iandifferan Jei @B ei Aird0 2dndic@edRonheul gﬂﬁ%’réiﬁom
said ranging plane, each of said conveying neans constituting an opti cal
pat h of thei ffagiegmeasndt(Fig.i Bt r oduci ng ti me del ays;

A one-dimensional scanning configuration is shown in Fig. 4. Here, bundle 4

(at its range plane end) is flat, and of a linear extent that covers the largest horizontal
dimension of ranging plane 14, in this case, its diameter. In this embodiment, too, the
fibers of flat bundle 4 are each of a different length. It will be appreciated that while

- the image-side end of bundle 4 must be flat, the rest of its length may assume any

shape. The shape of the detector-side end will be discussed further below. The



a single detector/receiver for detecting the echo pul ses td4mdoveinber 20Qhal in
a sequential order produced by said tine delays, and an electronic |ogic
fed by said single detector to reconstruct said time arrival distribution
fromsaid tinme-del ayed echo pul ses, Produce an out put exhibiting ranging
of said scene. 24 Novenber 2004 13 4.’ The systemas clainmed in claimS3,
wherein said echo pul ses conveying means is a bundle of optical fibers

| eadi ng from said ranging plane to said single detector/ receiver. 5. The
syst em addvenkageed this @Daﬁgueithmhﬁr dicnredaced somplexits of thorreqyirad seaamisgi s a
bundl e o%ﬁﬁgvgcal fibers of different lengths. G The systemas clained in
claim3,} said single detector is an aval anche photo diode. 7. The
systemas clained in cIa|n15 mhereln sai d bundl e of optical fibers is of a

ool aim s, e o eIl ARG ARE: SRR Harifle SRR AT AT
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wherein said bundle of optical fibers is of aring, non-scanning type.

10. The aydigernatas rdoaiestd stagh@igmidall V\herd@ﬁlnlttefmivﬁhﬁ@eﬂ@ﬁ|tﬁﬂ©[1&>érd1amif tion
of said fiber bundle consist of a si ng substantially linear array of
fibers. the totphavesghit kangil d@ﬂalnﬁbmesmo suéhmadundhe neght pedsenbdiféiceltss for

opti cal flberSJs con d by, th of, a main fi enl ar ged
di amet erSCqHuRY ﬁIaHP%?’%PQ“ ‘%Hﬁgsl‘ :‘] h%’tse‘f'l %EF@’%‘S&E@H@ '@er]f:’?vom sai d
rangi ng plane and entering said main fiber along its length. 12. The system

as claimed i nagl i Ghall Phlalfdie SRELRIAG @0 680 vBHURE bAKEORHoh is the
filling factor of the scene-to-fiber transfer. While it is most convenient to provide
one fiber for each range pixel in ranging plane 14, the circular cfoss-seétién of
commercially available fibers, when packed to form a bundle, produces blind spots.
between adjacent fibers. With fibers of a diameter of, e.g., 100 pm, the extent of
these blind spots is liable to become significant, inasmuch as important information
may be missed. In such cases, it is advantageous to use a number (n%) of fibers of a
small diameter (e.g., 10 pm), to jointly collect the range pixels previously coliected
by a single, 100 um diameter fiber, resulting in a pronounced reduction of the blind
spot areas. Depending on the fiber architecture selected (see below), the n® fibers
may be directly coupled to detector/receiver 6, or may be merged into a single, larger

fiber before reaching detector/receiver 6.

The term “fiber bundle architecture” refers, in general, to the way the light is
conveyed from the ranging plane to the detector/receiver, using a bundle of fibers. In
direct architecture, one end of each fiber is located in ranging plane 14, the other end
being coupled to detector/receiver 6. This architecture is convenient when the
number of pixels, multiplied by the diameter of the fiber, is close to the detector/
receiver diameter, thus ensuring that most of the detector/receiver surface will be
illuminated. As ﬁn example, when 10 fibers are needed, each of a diameter of
100 pm, and the detector/receiver diameter is 1.5 to 2 mun, the direct architecture will

be a good choice.



measuring and controlling unit interposed in circuit betwadrNdveenbeafddsg
pl ane and ~4 NnvEl r~~e20tkl 14 said detector/receiver for preventing
saturation of said detector/receiver by' high intensity echo pul ses. 13.
The systemas clainmed in claim12, wherein said neasuring and controlling
unit is fed by a non-tine-del ayi ng secoﬁdar_y function bunch of fibers. 14.
The systemas clainmed in claim 13, wherein said detector/receiver is
defined by a |ight-detecting aperture and said system further conprises a
|'i ght di f f usefhafcombeded erchatestae if eaed wdwmethgfnurheeropt neededr fibedssis dagesai d
detector/r ceiﬁ%r 50( di f f usi n? echo rgqm ses over substantially the entire
det ect or 2XHEF I8, thees arengeveys Festiigdony ai dhe VOIPIRF anfh Wa1BRod tBF flelegiign

i ght diff i tj cal: fi.bar,.seqgti . i.0ng '

subst ant P AegehiTe e RiER an b BERbER she BlorPli R 14t B30 Pbers fone

¢l ai med {ihCleaparl o NG Ni® e buhafel 1HE bt denbth AndSMight. NG {1RNGired 7.
The systemas claimed in claim5, further conprising a sub-bundl e of

optical #fichgesufg@malebetdsd pecanbjEat sorhbirtenchicteenesbibyes tRizeprobdldne in anged
and said rangi ng plane. /NY/ N</NO<J/NO /N /N<w N<t/ Ng</ N<t / N</ NO

* | N) <Z/ NeryNelgEaimf wely: tol fkamngsed in ranging plane 14 are chosen to be of small
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the detector diameter requires a thicker mainﬁber, sev.eral main fibers may be used,
with only a part of the ranging-plane fibers entering each main fiber, or a thicker
main fiber may be used. Schematically, this architecture is seen in Fig. 6, showing

ranging plane 14, detector/receiver 6, main fiber 18 and thin ranging-plane fibers 1,

1°, 1710 17,

Fig. 7 shows a practical, compact version of the architecture of Fig. 6, showing

a coil 20 on which main fiber 18 is wound, as well as parts of the thin, ranging-plane

fibers 110 1",

The former architectﬁre may present difficulties when the ranging plane thin
fibers are of extremely small diameters (e.g., 10 um). This is so because of the severe
mechanical adjustment needed between the exact fiber position and the ranging pixel
position. As illustrated in Fig. 8§, the solution to this problem is found in the
previously mentioned replacement of each ranging plane fiber by m x m thin fibers 1
to 1" packed in sub-bundles 21, each sub-bundle replacing a single fiber 1 to 1™ If,
for example, 3 x 3 =9, 10 um replacement fibers are used, the focal length of the

ranging means is changed to such an extent that the ranging pixel is enlarged to fit a
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sub-bundle diameter of 3 x 10= 30 pm. These fibers are commercial, and the

problem of mechanical tolerance is eliminated, Furthermore, the m x m thin fiber
model offers additional advantages and can be used to resolve additional problems
and fulfill other functions. One of the m x m fibers can be used to measure properties
other than the properties in the fibers of sub-bundle 21, e.g., true ranging polarization

and the like.

This modification of the fiber architecture, namely, the reference probe, can be
used to solve additional problems in the multi-pixel ranging. It is accomplished by
splitting out one fiber 1 from each m x m fiber sub-bundle 21, forming a parallel
bundle 22 of non-delaying equal length fibers and coupling it to an additional

detector (not shown), designed to measure the other specific light echo properties.

Thus, if sub-bundles 21 are used to measure the distances to the target pixels
using the delay solution according to the present invention, bundle 22 may be used to
measure the genuine, undelayed ranges, thus enabling the system to distinguish
between proper target induced light echoes and ghost echoes that ‘are caused by the
presence of irrelevant, additional obstacles positioned in front of the main target (i.e.,
birds, poles). The signal addressing logic 8, when given pixel-related delayed ranges,
together with correct non-pixel-related delayed ranges can calculate correct pixel-
related ranges. Such additional information, when correctly used, will prevent the
inclusion of these obstacles in the final target ranging, thus reducing system false
alarms. This additional information will enable the logic unit to determine the correct
range pixel identification of light echoes when the scene depth, i.e., the range
difference between the nearest and furthest object in the scene is similar to the

system- induced delays.

Another use of the additional sub-bundle illustrated in Fig. 9 is when it is
connected to a light-intensity measuring detector 23. This application uses a bundle
22 as a reference probe to prevent the main detector electronics and logic 8 from

being blinded by high-intensity light echoes. The signal from the undelayed bundle
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22 arrives at its detector 23 early enough to let main detector electronics 8, by means
of control circuit 24, to reduce its amplification (voltages) automatically to the

required value.

- In principle, the fiber-to-detector coupling should not pose any difficulty,
being a conventional coupling that transfers light energy to standard detectors. In

spite of this, the fact should be kept in mind that various fiber architectures may

require different couplings.

When the direct configuration is used, depending on the number of fibers in
| the bundle, the 1otal diameter of bundle 4 may be smaller or larger than the detector/
receiver diameter. For example, a total number of 20 fibers, each of a diameter of
30 um, results in a bundle diameter of 600 pm = 0.6 mm. A diode of an effective
diameter of 2 mm may accept such a bundle directly, without the need for a mediator.
When, on the other hand, the fibers are of diameters of 200 pm each, the total bundle
diameter will be 4 mm, a value which exceeds the effective diameter of the detector.
This requires the use of a mediator, such as that shown in Fig. 10, comprising a
mounting 26 accommodating the end of bundle 4, as well as a short focal length

lens 28 that concentrates the light from bundle 4 onto detector/receiver 6.

The above-mentioned combined fiber architecture ends in the shape of a single
main fiber, of a diameter that may be from 100-500 pm. When detector/receiver 6 is
of a diameter of 0.1-1 mm, it can accept the fiber as is. But in the extreme casé of a

thin fiber (100 um) and a large-aperture detector (2-4 mim), in spite of the fact that the
direct approach may be adequate, it is advised that the light be diffused over the
entire detector aperiure, in order not to be dependent on the detector surface
homogeneity. In this caée, a main fiber may be used that flares at its end to match the
detector diameter, as seen in Fig. 11. Alternatively, a mediating lens 28 may be used

in an arrangement similar to that of Fig. 10 (see also Fig. 12).
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an arrangement used to produce range measurements. Seen are detector/receiver 6,
feeding a preamplifier 30, a TPG amplifier 32, an A/D converter 34 leading to a
memory 36, and decoding and proceésing unit 38. The unit 38 is 0pera1ional]y
interconnected with the preamplifier 30, the amplifier 32, the A/D converter 34 and
the memory 36. Advantageously, there is also provided a voltage control unit 40, and

a range output at 42,

It will be evident to those skilled in the art that the invention is not limited to
the details of the foregoing illustrated embodiments and that the present invention
may be embodied in other specific forms without departing from the spirit or
essential attributes thereof. The present embodiments are therefore to be considered
in all respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the foregoihg description, and all
changes which come within the meaning and range of equivalency of the claims are

therefore intended to be embraced therein.
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WHAT IS CLAIMED IS:
1. A method for non-scanning multi-pixél ranging of a scene, comprising the steps
of: ' :

providing a single detector/receiver associated with a time-delay arrangement;

producing a time-arrival distribution of pulse echoes of at least part of a remote
scene in a defined ranging plane;

receiving said distribution as produced on said ranging plane and conveying it,
echo pulse by echo pulse through a plurality of echo pulse conveying means to said
single detector/receiver, while introducing a time delay, whereby said echo pulses
arrive at said single detector/receiver in a sequential order, and

reconstructing said time-arrival distribution from said time-delayed echo pulses
received by said detector/receiver, and

providing an output exhibiting ranging of said scene.

2. The method as claimed in claim 1, wherein said echo pulses conveying means is
a bundle of optical fibers and further comprising the step of providing each of said echo
pulses-conveying means with a different length, thereby producing said time-delay.

3. A system for ranging of a scene, comprising:
optical means to create a replicate of a remote scene range distribution on a

defined ranging plane;
time-ordered echo pulses conveying means receiving said echo pulses from said

ranging p]an,e each of said conveying means constituting an optical path of different

length, introducing time delays;
a single detector/receiver for detecting the echo pulses time of arrival in a

sequential order produced by said time delays, and
an electronic logic fed by said single detector to reconstruct said time-arrival

distribution from said time-delayed echo pulses, to produce an output exhibiting

ranging of said scege.
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4. The system as claimed in claim 3, wherein said echo pulses conveying means
is a bundle of optical fibers leading from said ranging plane to said single detector/

receiver,

5. The system as claimed in claim 3, wherein said echo pulses conveying means

is a bundle of optical fibers of different lengths.

6. The system as claimed in claim 3, wherein said single detector is an avalanche

photo diode.

7. The system as claimed in claim 5, wherein said bundle of optical fibers is of a

configuration requiring two-dimensional scanning.

8. The system as claimed in claim 5, wherein said bundle of optical fibers is of a

configuration requiring one-dimensional scanning.

9. The system as claimed in claim 5, wherein said bundle of optical fibers is of

the staring, non-scanning type.

10.  The system as claimed in claim 4, wherein the ranging plane and portion of

said fiber bundle consist of a single, substantially linear array of fibers.

11, The system as claimed in claim 4, wherein said bundle of optical fibers is
constituted by a length of a main fiber of an enlarged diameter and a plurality of
smaller diameter fibers commencing from said ranging plane and entering said main
fiber along its length.

12

The system as claimed in claim 3, further comprising an echo pulse intensity

measuring and controlling unit interposed in circuit between the ranging plane and
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14, The system as claimed in claim 13, wherein said detector/receiver is defined
by a light-detecting aperture and said system further comprises a light diffuser affixed
between at least some of the optical fibers and said detector/receiver for diffusing

echo pulses over substantially the entire detector aperture.,

15. The system as claimed in claim 14, wherein said light diffuser is an optical

fiber section flaring at its end to substantially match the detector/receiver’s aperture.

16.  The system as claimed in claim 15, wherein said light diffuser is a mediating

lens.

17.  The system as claimed in claim 5, further comprising a sub-bundle of optical

fibers for detecting objects located between the scene to be ranged and said ranging

plane.




