; KLe3eAx>, H6$Tx*. 5 10 15 20 25 WD 03/033997 Al 1 DESCRIPTICP OPTI CAL
TELEI\/ET hnical field PCTi EPO1 12009 The invention relates to an

opti cal %Bg@é ®7é@|ch as enpl oyed fof instance in the sBEIEEPAY100% ot s
of land and buildings. Prior art Optical telemeters of this kind have been
known for sone time already. The | aser di odes used as |ight sources have
t.he di sadvantage, however, that the light beamexiting at the em ssion edge
has a very long and narrow cross_section. This |eads to poor Mﬂ

i Il unination, since only part of DERERIPEKINbeam strikes the
detracting from the range and from neasuring accuracy. MNoreover sissgdl ection
of parts of the beam m ssing the target at other objects, which for

i nstance ar eORTIE€AdI FEREMETER acutely disturb the maasuremaﬂw'ﬁm ’Mlmulujmmm
Description of the invention The invention is based on the t

an optical telemeter of the above kind providing a better target «coooo2+

i 11 ym nati onr¢dh@afeakfielan tel emeters of this kind. The advantages attained by
the invention chiefly reside in a decisive inprovement of range, i.e., the
maxi mum di stance that can be measured or, for a given range, in an

The invention relates to an optical telemeter such as employed for instance in the surveying

of plots of land and buildings.

10 Prior art

Optical telemeters of this kind have been known for some time already. The laser diodes
used as light sources have the disadvantage, however, that the light beam exiting at the
emission edge has a very long and narrow cross section. This leads to poor target
15 illumination, since only part of the light beam strikes the target thus detracting from the
range and from measuring accuracy. Moreover, reflection of parts of the beam missing the
target at other objects, which for instance are more distant, may acutely disturb the

measurements.

20 , Description of the invention

The invention is based on the task to specify an optical telemeter of the above kind

providing a better target illumination than known telemeters of this kind.

25  The advantages attained by the invention chiefly reside in a decisive improvement of
range, i.e., the maximum distance that can be measured or, for a given range, in an

increased measuring accuracy.

Brief description of the drawings
30
In the following, the invention is described in greater detail with the aid of figures

representing merely one embodiment.



I ncreased nmeasuring accuracy. Brief description OI:I thgaI dravm'hntgrs] 30 :jn ]Ehe
fol | ow e invention is described in greater detail wt e aid o
figur es%ﬂ#@%%?ﬂﬁ‘%b nerely one embod? nent . WD 031 0339B¢TAEPO1 BIHOEPCL
12009 Figure 1 a schematically shows a lateral view of an emtter of a

tel emeter according to the invention, 5 Figure 1 b schematically shows a
top view of the emtter according to Figure 1 a, Figure 3 shows a top view
in beamdirection of a first deflection element of the emtter according to
Figures 1 a, b, 10 Figure 4 shows a top view counter to the beamdirection

of a seg i . 1t g ording to Figures.1 a, b,
and Fi qop aedApactiblcally ShANERtathl bR i e OE Ll st it e
accor diimgentionfi gures 1 a, b. 15 Ways to practice the invention An optical
tel emeter according to the invention conprises an enitter as well as a
receiver that, in known manner, can for instance be built up with optics

andsavalianehs s lé@féﬁlﬂd%wsaantggfviéw Sthe SRR, iaéﬁclil‘glg t(? Lﬁ'gg?ﬂ'é ppii ¢ control and

eval uating unit also of known design 20 contro _ enm Ssion of |ight
pul ses by the emtter and eval uating the output signal of the receiver. The

i . it-ti determ nati opn or by the phase
di st an%‘:fgucrg '3 sl?l%wrsreaa olfar\?lgwblx btezri.r%ncfi{'etcu})n %1? a f?rst denf]lecgon element o¥ the emlprter

according to Figures la, b,

10 Figure 4 shows a top view counter to the beam direction of a second deflection element of

the emitter according to Figures 1a, b, and

Figure 5 shows the target illumination attained by the emitter according to Figures 1a, b.

15 Ways to practice the invention

An optical telemeter according to the invention comprises an emitter as well as a receiver
that, in known manner, can for instance be built up with optics and avalanche photodiodes,
and further comprises an electronic control and evaluating unit also of known design
20 controlling the emission of light pulses by the emitter and evaluating the output signal of
the receiver. The distance can be measured by transit-time determination or by the phase-

matching technique.

The emitter has a collimator 1 and a light source 2 put in front of it which is composed of a
25 laser diode 3 and beam forming optics 4. The laser diode 3 is an edge emitter emitting
electromagnetic waves in the infrared, preferably at a wavelength between 850 nm and 980
nm or a wavelength A = 1,550 nm. The emission edge has a length between 30 pm and 800
pm while its width is between 1 pm and 3 pm. The emission edge may be interrupted in its
longitudinal direction. For instance, instead of one laser diode 3 a linear array of laser
30 diodes having edge lengths of for instance 50 pm and distances between successive edges
of 100 pm could be provided. The numerical aperture corresponding to the sine of half the

angular aperture has a value of 0.1 parallel to the emission edge and of 0.6 to 0.7 transverse



mat chi ng technique. The emtter has a collimator 1 and a |ight source 2 put

infro i i is conposed of 25 | aser diode 3 rm ng
opt i csr‘y.cpﬁ‘?{gs%gggelgpdi ode 3 is an edge emtter emtti ngagegzq?ﬁmgll C
waves in the infrared, preferably at a wavel ength between 850 nm and 980 nm

or a wavelength ~, = 1 g50 nm The em ssion edge has a | ength between 30
~ mand 800 ~mwhile its width is between 1 p,mand 3 gtn. The em ssion

edge be intetrupted in. its longitudinal direction. For instance,
insteggggps S !%éggﬁ)delcto?ﬁelh%seéwpi g%tftleérlfwrb‘?s %Pég%t?ar%\ﬂ%msa@@t RREng edge
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edge a 0. 033997 CT/ EPOL 120Q9 to
thi's cogsmmpnial it falbt SRRKEIAE be ¥R TR bl B ot 68kt 1 1
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corresponds . to .t he wavel ength1 afpd thus is practically nononodal

&
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t hat capgphtd WA | &l 188/ e it . 5.4s larger
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Iensesb but c¥:/i.th (Igl.he aid of el emsgés gased o% diffraction or refraction of
| i ght , epangedyin g FircREpn drapsysse fo 4his eges andethus <he dight §eamn ycan der maryenent
inl@ dite&lly esllipatdl | el to the em ssion edge but instead be enhanced in a
direction transverse to this edge, and thus the |ight beam can be nore 10
strongly collimated. This is the purpose of the beamform ng optics 4

conpri gy I k 5.copnsisti.ng of a trans t terial,

preferggﬁg}i sg{]g?gﬁo\lﬁ# ﬁmﬁ%?‘lsg%?%%f)gtfcﬁc CPUPHEHE & ?JLEI?HJIB&I%LEE)FI( ode 3

and ancaptiag tof astmpuieﬁtrrﬁﬁtbriilapﬁférwl? @hsk ONAR d 96! théd R dwale first
face, supports a mpunt 6 of plastic holding a cylindrical lens 7 at

15 front . )
its teﬂ’ﬁ‘il?ﬁir ipgA & and pp ©PRYAitersagandfront &ass tornhd toveard thecol limator bsEhesfest i on,

i ts di i t ~ i S.oriented.panallel to the em ssion edge
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edge . ThSBed2® ctMa R Ao 88 enti i | S val ues,
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struct ur%tlj surface that is essgnﬁrgl I y_}bl arne a%gfgg{rﬂg%tl el}ﬁ?gn?ﬁém |Str st
front Faddnorspicivdysthepayerlapedf ths fragticasi edierentipdgdiated framdsndceksivei nt o

th i | el b ' diff t st d diff ti
St ot SFRC SERE Rk SNADY RL vl RPN Glnr oG Bl 8 S sbore B coona

defl ection el enent 10 consisting of plastic 30 and conprising a structured
Sléi’;f agls essentially plane and parallel to the second front face that is
divi dedoVRTahek el pdasalyieny i7eq fisst deflgctiqn element 8 gy arrengedowhivh e ssi on
edge i ' i t [ res. VWO 03/033997
A194 g}é{%%ré{li': %){lihgﬂzleo (ioirlgci(ufn? 6% il £eReGudl SLIRAG hes SLLHELY §3he and pargﬁel

to the first front face of block 5. Parallel to the emission edge it is divided into three

successive fields 9a, b, ¢ having different stepped diffraction structures. The second,
opposite front face of block 5 supports a second deflection element 10 consisting of plastic
30  and comprising a structured surface essentially plane and parallel to the second front face
that is divided into three successive fields 11a, b, ¢ transverse to the emission edge also

having different stepped diffraction structures.



The upper field 9a of the first deflection element 8 has a structure such

that it partial beamexiting froman upper segnent of the
em ssi oﬁh%@g‘é\%}t‘gfri king it to the %efthand field 11 aPFI%é%thZQOr? beam
direction) of the second deflection elenent 10 where the 5 beamis
insignificantly deflected so that it will strike the collimtor 1 and
approximately fill the left-hand third of the collimator's aperture. In
exactly correspondi ng manner, the lower field 9¢c of the first deflection
el enent 8 deflects the partial beamexiting froma | ower segnent of the
em ssi OTheagiger ABM galdtithd Akt dkflediPnldiéndrh @itas AR Al Pbibn oy fARKI MG 11
beam direction) of the second deflection el enment : ere thrs beam too,
i s def Iratiad dear epitingifoen yn uppartsegrentrod sixoerdispign wdge amidsttikiag if folths left-

appr oxi e,.ri,ght-hand third of .the aper e.of collimator 1. The
central éﬂ%re }o/ij %?a Ql?noelg%fq TR Slrre‘it?n})f’f h’&fef’) ‘ﬁ'FLeHeBTé‘P‘% Flamesb}:@w grettheg from
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def I ect ¢ third afi theeclbimater’s |apeitisn reexagtlyicomrespondingenaiingnl the 15
Thus, thged &R ' : f ' |fferent .ways by the
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edge), .hence their projections onto pl ane forned, purely as an exanple
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def | ecBiadf seqoagdaflection elgmeens dBonspedtivdlect i on el ement 10 the partial beans
aresthen so deflected in different ways that they strike the collimator 1
as ' If they all cane froma line parallel to, or rotated relative to, the
em ssi Jhugdbe thrde tpasial deains Rkare dfle@ed lih BifQEntlways by iR ?gstddefffeﬁﬁ(ﬂ{‘t ly, in
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advant ageous, si rllace then thelﬁsg%\gre IFir}rgn{altE@o?eﬁ#ﬁ’gdtgétr}né?gl e&gnl%%%}gﬁheul se
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becomeiidpeasd e ifesellestordbiehehl £by SGHNC AR A Mindd) RBGUalifdfal © the
invention, one can very substantially increase the range or; Tor a given

r adge, clempris, whish swysihers anpyopripteevenihetappliethtd thérdefldction ebefenect i on el enent
8 that is integral with it, as well as the second deflection el enent 10,
each are produced by one of the replication techniques as described 15 in
M T. Idathe,secdieipddffeatio®vlemenn 161 th®patal Bedind Qi thel ko deNb&b@ 1ORfrGsnr Tay! or
& Franci s ‘é%g; pp, 153-177, for instance by etching of a cylinder or

pi st onVe¥s £Y Staikg thy colimatoni asdf thgy allrjamst fram antiriedianglel ¢o, crastatedg

fol | owagb ii ar | ock 5, The.definition of
the diff rla%tt%glséﬁlél}%nu?dekg @atﬁe E&;&g@?ﬂ%@%ﬁc&h\%ﬂ %}ﬂpinocgmﬁa@grfﬁﬁgrgpﬁ%rlf}gr ans.
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20 favorable cost. Since.t mount 6 is_also nade by this techni que, a ver
pr eci nglﬁquygr%ngﬁ‘ie gone tﬁ1rd 0? ﬁle aperture of collimator 1. The thr)ée successive segm%nts d

of the emission edge are imaged onto a nearly square field, and indeed in such a way that




of cylindrical lens ? is possible. The tolerated variation of distance
between the |l ens and the first deflection elenent 8 is a few m croneters.
Usi ng sHQ83/0339% M1 acti ve adjustmentSas described i n DEPETIBROG12082, t he
[ aser diode 3 can then be bonded in such a way to the beam forming optics 4
that the tolerated variation of nounting between it and the 25 cylindrical
lens 7 is about 0.5 NNm Various nodifications of the enbodi nent descri bed
are possible. Thus, the cylindrical |ens may be fastened with cenment

di r ect |the¥ e 1up¢rimpesed)i isdghe Tasefieldr Shigeref §lecThinrseciresremt exsetlenthtargatcond
deflectihgﬁﬁﬁlﬁggent may al so consist of glass, and for instance be made by
an 30 etching process. They nmay al so be etched directly into the bl ock
separating them The nunber of fields in the deflection elenments may be

t wo, fer or nore, instead of three. The beam form ng optics may al so

consi st oyayelsngshs betyesn 8xdAmsand 330 pmsthe bsem senhescodlimated Wery0Sr@EER97 Al 6
PCTKEP ;gﬁg) I i |0 ' I ) ~
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03/ 033997 1 PCT/ EPOL/ 12009 CLAIMS 1. Optical teleneter th "at ast one

|i ght desipicat (et fropatamdich beqomesnpassible hechusd OF betten bédmmetoncentrafion

N i NG: I J: 1t y..Ihe tel t i to t t 5
T 1o etk heBESE iR AR R, ShESatk ke 1T oge e B o Pt o
(1) andarfdef tatyd thé schsigivitaser di ode (3) forned as edge emitter, as well as

with a receiver and a control and evaluating a nit, c¢ haracterized in that
t he 1 fight source ( 2) h as beamformng o ptics ( 4) nounted downstream

o e b8l alctefihthol Rl PRE kol LUALESL L0808 0L L

(1), which offsets part beans em successive t he
em ssi defledige ebfmehd 10 ammeh ack prdduded)bypateadfithé rdpﬁcﬁ&mhea{rﬁk?fes ia§ dedegiBed WAy
th t hei ,ﬂrag%ctséqo S ont o, aﬁph)aﬁé, .and nore particularly onto a plane
fo d"bM't e SPIfRIgeltaid Pt FeT2ie A5tk eMicrerOptissarTayiprak Hrassis to a
| arge e89END. 123-199! F @G Rl : @l rized in
that |aser rlg)i ode (3) (g%h%%@fgss\?\nutéﬁmg &wg%/g lggig% %r %é%m@%qgéga%%giéoéBO nm
3. Opt eedpssing, anjection meldingdiongastmgdoowed by dhércarihgrandede itirent boakled aser

tel emepb 30 ThE dtiCofo bk uitich S BRRE ek dpdai it ki vh comBitet he boam
AT g o e A e
en?Gsi Byorablgecast. Sinee thesernil scadso(ide 5y, thiypectraduet e verygirecisapasitiatingg t o
claim éf cflﬁﬁ&i@glt 1@£§ %?9 p!)élilglp.afhet &')‘Ferzg.j’tieé1 r\5'2%1%aetgono(];f éigt%nce between the lens and

the first deflection element 8 is a few micrometers. Using soldering and active adjustment

as described in DE-A-197 51 352, the laser diode 3 can then be bonded in such a way to

the beam forming optics 4 that the tolerated variation of mounting between it and the

25  cylindrical lens 7 is about 0.5 pm.

Various modifications of the embodiment described are possible. Thus, the cylindrical lens
may be fastened with cement directly to the laser diode. The first deflection element and
the second deflection element may also consist of glass, and for instance be made by an
30 etching process. They may also be etched directly into the block separating them. The
number of fields in the deflection elements may be two, four or more, instead of three. The

beam forming optics may also consist of refracting elements, for instance prisms and



25 cylindrical lens (7) is at nost 65 ~m 6. Optical teleneter according
to clai haracterized in that the distance between the em ssion
edge ang}(ﬁﬂg;oés??ﬁﬁ ical lens (7) is ét nost 15 p,m 30 ?CT@P%MOM

tel eneter according to one of clains 1 to 6, characterized in that it
conprises a first deflection elenent (8) and a second defl ection el enent
-(10), the first deflection elenent (8) so deflecting the partial beans in
di fferent s in a direction W 03/033997 2 PCT/ EPOL/ 12009 transverse to
the a nPla&soringldydasshdiogdes haying avaneleagths artranasly between 600 mnend RdPOst ri ke
the se d L r’g%% S L@l Lgde_hy si. and. t he
secondcrgg’f ?Iggﬁog%tpgjlqgung%\l? ( ﬁe(“oé?%a% %gd]tb?](zn%ghﬁ#cgﬁ a}éeoéﬁn%g?eﬁhesﬁeghong way as
i f t heyindichted gboreccafhiberenmpldyede in the focal plane of collimator (1). 5 8.
Optical telemeter according to claim7, characterized in that the first

defl ection el enent (8) has several fields (9a, 9b, 9c) succeedi ng each
othagr in a @fsgggge@é}eggg@n;@dlsto the em ssion edge and containing different
diffraction structures, and the second deflection elenment ( 10) has as nany
fields ( 11 a, 11 b, 11 c) succeeding each other in a direction 10
transverse to the?amnl%&jron edge and containing different diffraction
structures. 9. Optic tel emeter according to claim8, characterized in
that tie first ddiipkicdourss el ement (8) and the second inflection el enent
(10) eg:h have an essentially plane, structured surface containing the
diffraction strudiaifediodes 10. Optical telemeter according to one of clains
7 t19 9,4 charact erg i n. %Pﬁ he beam form ng optics (4) conprises a bl ock
(S)lgof Astransparen]%&ﬁggoggll& V\ﬁc%h a first front face to which the first

defl ectd on el eneBlo€l8) is fastened and an opposite second front face to

whi ch tbhe second .defl ection elenent (10) is fastened. 20 11. Optical

t el emeter accordi aullto one of clains 7 to 10, characterized in that the
first deflection @)ipaEpil&f) and the second deflection el enent (10) consi st
of plastic. 12. tical teleneter according to claim110 or 11,

char act8eri zed i n firbiadefle¢teonclérnendri cal 25 lens (7) is tied to a nount (6)
faslgen%gbtco t he fPiieglaé[ front face of block (5).

10 second deflection element
11a,b,c Fields




13. Optical teleneter according to claim 12, characterized in that the
first deflection elenent (8) is integral with nmount (6). 30 14. Opti cal

t el emet MO 8¥033MW7ng to claim 12 or 13} characterized i n paavEPOE1IERET
diode (3) is fastened by soldering to block (5). WO 03/033997 3

PCT/ EPOL/ 12009 15. Optical teleneter according to one of clainms 4 t o 11,
-characterized in that t he cylindrical lens (7) is fastened to the | aser
diode (3) with cenent. 16. Optical teleneter according to one of the
precedi ng clains, characterized i nCLAAMS the partial beans are
superinposed in the far field. 17. Optical teleneter according to one of
the preceding clains, characterized in that the partial beans in the far

field ae | yiRdl QR AR asP OHEYh bbb )10 dfler RN R SLATRLS!

according to one of the preceding c partial
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2. Optical telemeter according to claim 1, characterized in that laser diode (3) emits

15  with a wavelength between 850 nm and 980 nm.

3. Optical telemeter according to claim 1, characterized in that laser diode (3) emits

with a wavelength of approximately 1,550 nm.

20 4. Optical telemeter according to one of claims 1 to 3, characterized in that the beam
forming optics (4) comprises a cylindrical lens (7) immediately following after the laser

diode (3), the axis of this lens being parallel to the emission edge of the laser diode (3).

5. Optical telemeter according to claim 4, characterized in that the diameter of the

25  cylindrical lens (7) is at most 65 pm.

6. Optical telemeter according to claim 4 or 5, characterized in that the distance

between the emission edge and the cylindrical lens (7) is at most 15 pm.

30 7. Optical telemeter according to one of claims 1 to 6, characterized in that it
comprises a first deflection element (8) and a second deflection element (10), the first

deflection element (8) so deflecting the partial beams in different ways in a direction
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8. Optical telemeter according to claim 7, characterized in that the first deflection
element (8) has several fields (9a, 9b, 9¢) succeeding each other in a direction parallel to
the emission edge and containing different diffraction structures, and the second deflection
element (10) has as many fields (11a, 11b, 11¢) succeeding each other in a direction

10 transverse to the emission edge and containing different diffraction structures.

9. Optical telemeter according to claim 8, characterized in that the first deflection
element (8) and the second inflection element (10) each have an essentially plane,

structured surface containing the diffraction structures.

15
10.  Optical telemeter according to one of claims 7 to 9, characterized in that the beam
forming optics (4) comprises a block (5) of transparent material with a first front face to
which the first deflection element (8) is fastened and an opposite second front face to
~ which the second deflection element (10) is fastened.
20

11.  Optical telemeter according to one of claims 7 to 10, characterized in that the first

deflection element (8) and the second deflection element (10) consist of plastic.

12.  Optical telemeter according to claim 10 or 11, characterized in that the cylindrical

25  lens (7) is tied to a mount (6) fastened to the first front face of block (5).

13.  Optical telemeter according to claim 12, characterized in that the first deflection

element (8) is integral with mount (6).

30 14.  Optical telemeter according to claim 12 or 13, characterized in that the laser

diode (3) is fastened by soldering to block (5).
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