Title: OPTICAL TELEMETER Abstract: In order to inprove target
illumnation, a light source (2) of an enmitter, which has2&Maee?006 ode (3)
configured as an edge emtter with atwavel ength of 1550 nm has

beam form ng optics (4) nmounted downstreamin relation thereto, which
conprise a cylindrical lens (7) and a first deflection elenent (8) wth
three fields having different diffraction structures. Said deflection

el enent deflects partial beans, A rom successi ve segnents of the
em ssion edge, to three fields opﬁécgéggﬁﬁﬂdeflection el ement (10) which
are adjacent to each other and perpendicular to said em ssion edge and

whi ch al so have different diffraction structures. Said second deflection

el enent di r ecCQBTHGALGEELEMETBER s to the aperture of a collimator (1), such
that the partial beans substantially fill said aperture. The first
defl ection elenent (8) and a nount (6) for the cylindrical lens (7) are
i nt egral and,T¢chkizgal fieddsecond defl ection elenent (10), are nade of
plastic. Both parts are stuck on opposite faces of a block (5) made of
gl ass.

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

of plots of land and buildings.
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
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

measurcments.

Description of the invention

Example embodiments of the present invention are based on the task to specify an

optical telemeter of the above kind providing a better target illumination than known

telemeters of this kind.

. The advantages attained by example embodiments of the present invention 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.,

In accordance with an aspect of the present invention, there is provided an optical
- telemeter with at least one light source for target illumination and with a collimator
collimating the radiation to be emitted by the telemeter prior to target illumination, the

- light source being arranged in front of the collimator and fitted with a laser diode .



29 March 2006 1 DESCRI PTI ON OPTI CAL TELEMETER Technical field The
invention relates to an optical teleneter such as enploye@gﬂﬂﬂﬁhﬁ@%hnce in
the surveying of plots of land and btal dings. Prior art Optical teleneters
of this kind have been known for sone tinme already. The | aser di odes used
as |ight sources have the disadvantage, however, that the |ight beam
exiting at the em ssion edge has a very |long and narrow cross section.
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surface with structuring, the structuring being divided into at least two fields.

Brief description of the drawings

In the following, the invention is described in greater detail with the aid of figures

representing merely one embodiment.




| i ght source being arranged in front of the collimator and fitted with a
l'laser di ode 29 March 2006 |la formas edge em-tter, as wel 129 Mar, 06
‘receiver and a control and evaluating unit, characterized in that the
1ight sWQ8F0B3WTebm forming optics dount ed downst r eam BET/RRM 12882 di ode
-and at | east approximately illum nating the collimtor, so designed that it
" offsets - partial beans emitted from successive segnments of the eni ssion edge
of l'aser diode parallel to each other in such a way that their  projections
onto a plane overlap at l|east to a |arge extent, the plane being rotated
with respect to the plane formed by the em ssion edge and the beam

di t ' t def | I t
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el enentmnhﬁaed, on diffraction or refraction of |ight, each having an

essentially plane surface with structuring, the structuring being divi ded
into at least two fields. Brief description of the drawings In the
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em'tte el enet er accordln .to.the invention, 5 - Figure |l b
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Fi gurea&&mg@oﬁ 1igw in beamdirection of a first deflection el ement
of the emtt ccor |ngto Figures | a, b, .1.0 Figure 4 shows a top view

count er to the beamdirection of a second def I ection elenent of the
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practi %gﬁ&eﬂ@gmgqapf@r&ohg%dt el emeter according to the invention
conprises an emtter as receiver

-

Figure 5 shows the farget illumination attained by the emiiter according to Figures la, 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 photodiodés,
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 ofa
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 énd 980
nmora wavelength A = 1,550 nm, The emission edge has a length between 30 um and 800
pm while its width is between 1 um 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 hasa value of 0.1 parallel to the emission edge and of 0.6 to 0.7 transverse




that, in known manner, can for instance be built up with optics and

aval anche phot odi odes, and further conprises an el ectroni%® Maish2806 and
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' The cylindrical lens 7 has a circular cross section, its diameter is about 60 pm. It is oriented
parallel to the emission edge of laser diode 3 and spaced apart from this diode by about 10
pm. The beam exiting from the emission edge which for laser diodes of the kind employed
has a large transverse radiation angle of about 80° is made parallei by it. The diameter of
20  the cylindrical lens and its distance from the emission edge may also be much larger than
the given values, but for small values, particulaﬂy for values of at most 65 pm and at most
15 pm, respectively, the overlap qf the fractions coherently radiated from successive

regions of the edge is very small so that the losses caused by this overlap are also kept low.

25 Downstream of the cj]indrical lens 7 a first deflection element 8 ‘is arranged which is

- integral with the mount 6 and has a structured surface that is essentially plane and parallel
.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 deﬂecti(;n element 10 consisting of plastic

"~ 30 . and comprising a structured surface é_ssentially plane and parallé] 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 | aser diode 3 and an opposite second front face turned toward the -
col limator 1. The first 15 front face supports a nount 6 &P Mugk2P@ hol di ng
a cyli ' S at its termnal zones. The cylindrical Ilens 7 has a
ci rcul a@‘i&@bé@g&fon, its diameter 4s about 60 m It iRCEHERH{IZH09 .
parallel to the em ssion edge of |aser diode 3 and spaced apart fromthis
~ diode by about 10 m The beamexiting fromthe em ssion edge which for

| aser di odes of the kind enployed has a large transverse radiation angle
of about 80 is nmade parallel by it. The dianeter of 20 the cylindrical |ens
and its distance fromthe em ssion edge may al so be nuch larger than the
gi ven. qyal _ f @1 : [ s..@f .at, nost 65 .
o and e B AQH 00 ot SRR Hofldile Slopl b bat's Srichuie ol Bk Btelee i Cr e Ty
r adi at @artial beans exitiag Siowean wmgr sepnent of the eatgson algeany ssikd it sothellef- t he

LSF?‘EZP%%E?&%% doing i diengaiiestoRan (bF siroRt Satipcion Tamge d oo tes
i Nt £gr bandiis MsidaessmtP defledtdilsd it / Wi éﬁk&f&%@;@_a&gﬁg@gﬁ@?t ially

pl ane and parallel to the first front face of - t he
em ssi 6H thadeft-hand thind of e gollimator hapseturs Un casatlyverfespoming®manter, thehavi ng

diff LIt inQn: St t ool , ite f t f :

R L L

and colower séggertt oftthe lahission eduy AmCRrivng ¢t &el phbhanesand 19%(}&!&1% into the
S

second front face that is divided into three successive fiel a, b, c
t r ansvbgase dirgetiony of the; sseend dafiectionsdementia gvheie this beam,stoepisedefdcedr act i on

stygict 2006 A .4 PCT/EP01/,12009 ... The upper
i G ety il ettt e Yol AT R Pharofimerdy B ROt o el 1
def | ecarertuteof pollianr 10ah8centidlithigd Of @8 aslliHRREL s SASITBHthObaldABb&MHh SSi ON
edge and_striking. it to the left- hand field 11a (| ooking in beam - -

di r ect F8HYe frm p slightlyovorigeeangeal segmeat efde emission edge avkpsingamithat

i nsi gnjfe f PRI ik h | Linator | and
appr onll cfrfrjaet e: yw?l%%lthigﬁe : g@?ﬁ‘%ﬁ%ﬂt%@g bo?ﬁi {1%’ Ogc#“f ﬁ?ﬁ?‘éﬁe"@aﬁ@ﬂ%ﬁfe. In
exact | §ambsecaspdefibiction elamnetr 10, tdepectiveiwer field 9c of the first deflection
el e;jr’rent 8" deflects the partial beamexiting froma |ower segnent of the
eni’ssi on edge and striking it, to the right-hand field | le (looking in
peam CAC iHeofbkee hariiChRROME HddREbH IR RIBIE add by e Fost' dRESGE™ ' 0O
element 8 that they strike the second deflection element 10 side by side (when looking in 2

direction transverse to the emission edge), hence their projections onto a plane formed,

purely as an example here, by the directions of the emission edge and of the beam

20 essentially coincide. However, a deflection can also occur in such a way that the projection
occurs onto a plane which for instance is rotated relative to the plane formed by the
directions of the emission edge and of the beam. The essential point is that of avoiding a
crossing of the partial beams. A deflection according to the invention can be functionally
V‘integrated into the deflection element 8 by suitable design of this element or by additional

25 élem_ents,, which may where appropriate even be applied to the deflection element.

In the second deflection element 10 the partial beams are then so deflected in different
‘ways that they strike the collimator 1 as if they all came from a line j:arallel to, or rotated
. relative to, the emission edge in the focal plane of collimator 1 or, stated differently, in
| 30  such a way that their bdck extrapolation will lea(_i'to such a line, and that each partial beam
fills approximately one third of the aperture of collimator 1. The three succéssive segments.

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




10 precisely in the corresponding way and then fills approximately the -
Fight-hand third of the aperture of collimtor 1. The ceRPMach RV of the
collimator is filled by the partial beam exiting froma slightly shorter
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1997, pp. 153-177, for instance by etching of a cylinder or piston of quartz and by 1_1‘ot

embossing, injection molding, or casting followed by UV curing, and are then bonded to
block 5. The definition of the diffraction structures can be performed with known compﬁer
programs. The replication technique allows large numbers of parts to be fabricated at
20 - favorable cost. Since the mount 6 is also made by this technique, a very precise positioning
of cylindrical lens 7 is possible. The tolerated variation of distance between the lens and
the first deflection element 8 is a few micrometers. Using,éoldering 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 iﬁounting between it and the
25 éyﬁndrical 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




very advant ageous, since then the upper Iimt of the adm ssible single
pul se energy which is defined in terns of safety to the &)&4ardag0q val ue
of about 8 mJ and thus is higher by a factor of about 16,000 than at
wavel enYiP83483%eAl 630 and 980 nm By enploying this fRETHEPH12089st in.
part, which becones possible because of better beam concentration 10
according to the invention, one can very substantially increase the range
.or, for a given range, raise the sensitivity. The nmount 6 and the first
defl ection element 8 that is integral with it, as well as the second
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kno conmput replication technique allows |arge nunbers of
parts to belgggyﬁ%g?é%£§¥n§%%favorable cost. Since the nount 6 is al so nade
by this technique, a very precise positioning of cylindrical lens 7 is
possi bl.e. The tol erated variation of distance between the lens and the
first &eflectioncgméﬁﬂﬁ¥ 8 is a fewmcroneters. Using soldering and active
adj ustpent  as degaftisbgde i n DE-A-197 51 352, the laser diode 3 can then be
bonded in such a way to the beamformng optics 4 that the tolerated
vari at Bon of nouhasagiddet ween it and the 25 cylindrical lens 7 is about
O.E pm, Vari ous di&jcation of the enbodi ment described are possible.
Thi, the cyl i naPregfoyeng op be fastened with cement directly to the
laser diode. Theplddkst deflection elenment and the second defl ection
el enment. may al so consist of glass, and for instance be made by an 30
etchi n§ process, Moway may al so be etched directly into the block separating
them ZJhe nunbe f.fields in the deflection elenents may be two, four or
nore,. ?nstead oft¥ﬁ?BE?F#H% beam form ng optics may al so consi st of
-refracgi ng el enefitss defiRfon Bleimance prisns and 29 March 2006 WO 03/ 033997 Al
6 PCT/ EP01/ 12009 plates. Finally, |aser diodes having wavel engt hs
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10 second deflection element
11ab,c Fields




nm and nore particularly between 630 ran and 980 nm whi ch _are outside the
regions indicated above can be enployed. 5 List of refer@ﬁé@r@}/%@ﬂﬁ s |
Collimator 2 Light source 3 10 4 5 Ldser diode Beam form ng optics Bl ock
Mount Cylindrical lens first deflection elenent Fields second deflection
elenment Fields 29 March 2006 7 CLAIMS 1. Optical teleneter with at | east

one light source for target illumnation and with a collimtor collimting
the radiation to be enmtted by thec§1|‘e}%5 ter prior to target illumnation,
the Iight source being arranged in of the collimator and fitted with

a |aser diode formas edge emtter, as well as with a receiver and a
control and evaluating wunit, characterized in that the |ight source has
beam f orhi ng ©piat telarprien with atilpastsmedight sfureenfor tagerillamiationand withlaeast

appr oxi L1l ym i col | ipator. esjgned that it offsets
parti al r%glgﬁ%to{e m Hgé;g%%r glr%h Esaa%gégsﬁov © 1%%4??’3 ﬂ“re {egeéne il _B’é‘?ro K _t%rgﬁte of
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onto a plane, overlap at least to a |l arge extent, the plane being rotated

with redlgediqds fpre ap pdgeecrpitierag well as with a receiver and a control and evaluating
' unit, characterized in that the light source has beam forming optics mounted

-downstream of the laser diode and at least approximately illuminating the collimator, so
designed that it offsets partial beams emitted from successive segments of the emission
edge of laser diode parallel to each other in such a way that their projections onto a plane
overlap at least to a large extent, the plane being rotated with respect to the plane formed
by the emission edge and the beam direction, the beam forming optics comprising a first
deflection element based on diffraction or refraction of light, and a second deflection
element based on diffraction or refraction of light, each having an essentially plane

surface with structuring, the structuring being divided into at least two fields.

2. Optical telemeter according to claim 1, characterized in that laser diode emits with

a wavelength between 850 nm and 980 nm.

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

a wavelength of approximately 1,550 nm.

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

the axis of this lens being parallel to the emission edge of the laser diode.

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

cylindrical lens is at most 65 pm.




by the em ssion edge and the beam direction, the beam form ng optics
conprising a first deflection elenent based on diffracti @} Msrch2d06act i on
of light, and a second deflection elgnent based on diffraction or
refraction of light, each having an essentially plane surface with
structuring, the structuring being divided into at |l east two fields. 2.
Optical telenmeter according to claiml, characterized in that |aser diode

emts with a wavel ength between 850 nmand 980 nm 3., C@ti cal teleneter
accor di fy t o ntigphiclemetersposerding Weelainh4tiay charasterieddn that the dijtance g A
wavel en | - T i nmeter according to one
of cl ai %ﬂy&béﬁ%@ﬁ%ﬁgﬁ%@?%%{}dﬁggéﬁhﬂﬁﬁc{%lﬁe?ﬁ?gta Iglgé%ltsﬁlélr?'m ng optics conprises
a cylindrical lens imediately following after the | aser diode, the axis

of this lens being parallel to the enission edge of the |aser diode.

5.
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tel eneter according to clarm4 or characterized i n tthat the di stance
bet ween ttaneveesd vstheormidgm alpd ahlalsoyihiandirdctiah pheiis! fosit diat meststrike the 7.

Optical teleneter according to . qpe qf clains to 6, characterized in that
the firsgcond qfl@e?%ﬁleg}eéh@w@n@g@dgg? oy udg ﬁ%dl e %qcam? setssion elementter ent
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directi onepgrtgﬁ’dgﬁ tgaflht 1tﬁat thesgaslt ?f}ege the — second defffgct iﬂon eeI enment
essent i ahé solBmder.by si de and the second deflection elenment orients the
partial beans in such a way as if they all issued froma line in a focal

pl ane of the collimator. .8. Optical teleneter according to claim7,

charact g i ze 'ﬁ@?ltta%eﬁp Sedobdih PR c%fehgtﬁ%h%fc&&ize&iﬁi hﬁll‘i ]Eﬂ'?eoﬁlel&“é SBEiQ! ©

oriented parallel to the em ssion gé and contain erent Iffraction
st r uct urdefectmndeleinant ttee orientd pardllef itelths enfissidre edgr and aefdire diffoentel enent

corresponds to the nunber of fields of .t first deflection elenment, the
fiel ds GRIHiEN SBCHRG. Gof |1BRt b PuBbeneh Belis RiPhi 6P APUSURE SFFAact i on
struct Urc%ﬁesg)%ndﬁﬁ A huh6LCHR SIS JFGRE Fri U RANEL eRnehl, 3h&Bickist & Be

characterized in that the beam
second deflection element containing different diffraction structures.

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

second deflection element is fastened.

10.  Optical telemeter according to one of claims 7 to 9, characterized in that the first-

deflection element and the second deflection element consist of plastic.

11.  Optical telemeter according to claim 9 or 10, characterized in that the cylindrical -

lens is tied to a mount fastened to the first front face of block.

12, Optical telemeter according to claim 11, characterized in that the first deflection

element is integral with mount.




form ng optics conprises a block of transparent material with a first front
face to which the first deflection elenent is fastened aﬁahﬁﬁlb%%gkite
second front face to which the second deflection elenment is fastened. 10.
Optical teleneter according to one of clains 7 to 9, characterized in that
the first deflection elenment and the second defl ection el enent consist of
plastic. 11. Cptical tel emeter according to claim9 or 10, characterized in
that the cylkgdrl lens is tied to a nount fastened to the first front

face of Ibtoc %ﬁ%@tefaw%l% et dd il o shpgpcteriemh that fig etrer i zed
in that(ﬁ&ﬁuﬁﬁk&%cﬁﬁ?kéﬁéﬁﬁgh) b&ment is integral with nount. 29 March 2006

9-13. Optical telene accor ing to claim11l or 12, characterized in that
t he | aser dlode is fastened by soldering to bIock 14. Optical teleneter

accor di f.clains 4 to 10, racte n that the l.indrica
Mane i s Past ot t51dmae Sioaiing Qoo g el 10> pharasitized i CBRL IS er

accor di ngih@i QN fen s hiEndd 16 HRMaRY dfddR vt ceexwacte“ zed in that the beam
form ng optics is designed in such a way that the partial beans are to be

superinposed in the far field. 16. Optical teleneter according to one of

t he pre d|n harac erized in that .the beamfor Qptics is

osi ned it n St aL R Te AGEorE 5 Pt Bbsring Flaiio charAcirbpd PhAE | mged
t 8 designed in such a wa at the partial beams are to be

onto a Qﬁ@'bl::}insfﬁﬂﬁﬁ@ dptRb ds designed in such y that the partial b b

superimposed in the far field.

16.  Optical telemeter according to one of the preceding claims, characterized in that
the beam forming optics is designed in such a way that the partial beams in the far field are

imaged onto a nearly square field.






