Title: OPTICAL TELEMETER [err] Abstract: |n order {rségidnaMedoar get
illumnation, a light source (2) of an emtter, which has a | aser diode (3)
configured as an - edge emtter with a wavel ength of 1' 550 nm has beam
form ng optics (4) nounted downstreamin relation thereto, which conprise a
cylindrical lens (7) and a first deflection element (8) with three fields
having different diffraction structures. Said deflection element deflects
partial beans exiting from successiDESCREGHEN s of the em ssion edge to
three fields of a second deflection elenent (10) which are |ocated next to
one another and crosswise in relation to the first fields and which al so

have different gbficactrepEMETRRI Ures. Said deflection elenent directs the
partial beanms to the aperture of a collimator (1) in such a way that the
partial beans substantially fill said aperture. The first deflection

el ement (8) an 6) for the cylindrical lens (7) are integral and,
ali ke the secogrﬁagggé%tl on elenent (10), are nade of plastic. Both parts

are glued to opposite sides of the frontal areas of a block (5) made of
| ass.
g 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 Ei:isadvantage, 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 measurements.
Description of the invention

In accordance with one aspect of the present invention, there is provided an optical

telemeter with at least one light source for target illumination and with a collimater
collimating the radiation to be emitted by the telemeter prior to target illumination, the
light source being arranged in front of the collimater and fitted with a laser diode formed
as edge emitter, as well as with a receiver and a control and evalnating unit, characterized
in that the light source has beam forming optics mounted downstream of the laser diode
and at least approximately illuminating the collimater, so designed that it offsets partial
beams emitted from successive segments of the emission edge of laser diode parallel to

this edge in such a way that their projections onto a plane formed by the emission edge

and the beam direction overlap at least to a large extent.
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In the following, the invention is described in greater detail with the aid of figures

representing merely one embodiment.



beans enitted from successive segnents of the enission1qq§§ﬁg%béqﬁ@ﬁ di ode
parallel to this edge in such a wgy that their projections onto a pl ane

formed Wyotdgsspryssi on edg and the beam direction overla a
| arge extent. 17 Septenber 2004 |la The invention is basegcgﬁEFﬁ@ﬁpgég to

specify an optical teleneter of the above kind providing a better target

i1 lumnation than known teleneters of this kind. The advantages attai ned by
the invention chiefly reside in a decisive inprovenent of range, i.e., the
maxi mum di stance that can be measured or, for a given range, in an

I ncreased neasuring accuracy. Brief description of the drawings In the
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figures. representing nmerely one enbodi nent. 17 Septenber 2004 01/ 84077
2 PCT/E5W6¥£6?204 Figure 1 a schematically shows a lateral view of an
emtter of a telenmeter according to the invention. Figure 1 b

schematically shows a top view of the emtter according to Figure | a,

Fi gure Exggmbltgscaem@t@caﬁw@; wha bepaviediof dhot énoittendccarding ®tFigekllact i on el ement

of the emtter according to Figures la, b, Figure 4 shows a top view
counter to the beamdirection of a second deflection elenment of the
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illumnation attained by the emtter according to Figures :
practid%mPHQMJWJEﬁ#P%H%XH optical telemeter according to the invention
conprises an emtter as well as a receiver that, in known manner, can for
I nstance be built up with optics and aval anche phot odi odes, and further
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controlling.the emssion of light pulses by the emtter and evaluating the
out put t8f gialfer gpcording to Figures 1a, b, and

Figure 5 shows the target illumination attained by the emitter according to Figures la, b.
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
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
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
um 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
diodes having edge lengths of for instance 50 pm and distances between successive edges
of 100 pum 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



the receiver. The distance can be measured by transit -ty gérrg'd@gtion or
by the phase- matching technique. The emtter has a collimator 1 and a

l'ight sodCc@/24qyat in front of it which is conposed of apdpgplodeeg 3 and
beam form ng optics 4. The |laser diode 3 is an edge enmtter emtting

el ectromagnetic waves in the infrared, preferably at a wavel ength between
850 rum and 980 nun or a wavelength 2 = 1,550 nun. The em ssion edge has a
| engt h between 30 gmand 800 gmwhile its width is between | gmand 3 gm
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be enhanced in a direction transverse to this edge, and thus the |ight
beam can be nore strongly collimted. This is the purpose of the beam
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front face supports a mount 6 of plastic holding a cylindrical lens 7 at its terminal zones.
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 parallel by it. The diameter of
the cylindrical lens and its distance from the emission edge may also be much larger than
the given values, but for small values, particularly for values of at most 65 pum and at most
15 wm, respectively, the overlap of 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.

Downstream of the cylindrical lens 7 a first deflection elemenf & is arranged which is
integrgl 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 suppports a second deflection element 10 consisting of
plastic and comprising a structured surface essentially plane and parallel to the second
front face that is qlivided into_ three successive fields 11a, b, ¢ transverse to the emission

edge also having different stepped diffraction structures.



The'cyl indrical lens 7 has a circular cross section, ity sifémb&iadod about
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this beam too,

fills

approximately the right-hand third of the
us, the three partial beams are so deflected in different ways by the first deflection

element 8 that they strike the second deflection element 10 side by side (when looking in a
direction transverse to the emission edge), hence their projections onto a plane formed by
the directions of the emission edge and of the beam essentially coincide. In the second
deflection element 10 they are then so deflected in different ways that they strike the
collimator 1 as if they all came from a line parallel to the emission edge in the focal plane
of collimator 1 or, stated differently, in such a way that their back extrapolatioh will lead to
such a line, and that each partial beam fills approximately one third of the aperture of

collimator 1. The three successive segments of the emission edge are imaged onto a nearly

-square field, and indeed in such a way that they are superimposed in the far field (Figure

3). This secures an excellent target illumination.

At wavelengths between 850 nm and 950 nm the beam can be collimated very strongly,
allowing a range scan with high latera] resolution. Wavelengths around 1,550 nm are also
very advantageous, since then the upper limit of the admissible single-pulse energy which
is defined in terms of safety to the eyes has a value of about 8 mJ and thus is higher by a
factor of about 16,000 than at wavelengths between 630 and 980 nm. By employing this

ture.

is deflected precisely in the corresponding way and t hen



aperture of collimator 1. The central third of the col lfi7rgdpembesr Jook! ed by
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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

cylindrical lens 7 is about 0.5 um.

Various medifications 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
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
beamn forming optics may consist of refracting elements, for instance prisms and plates.
Finally, laser diodes having wavelengths particularly between 600 nm and 1,000 nm, and
more particularly between 630 nm and 980 nm which are ocutside the regions indicated

above can be employed.

List of reference symbols
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Collimator

2 Light source



in M T. Gale, "Replication', in H P. Herzig (editor),17 84msmp&ntioogs’
Taylor & Francis 1997, pp. 153-177, for instance by etching of a cylinder
or pist®O01/8d4dartz and by hot enboséing, injection nolEinEp @/0eHR I N
foll owed by WV curing, and are then bonded to block 5. The definition of
the diffraction structures can be performed with known conputer prograns.
The replication technique allows |arge nunbers of parts to be fabricated at
favorabl e cost. Since the nount 6 is also made by this technique, a very
preci s& positionilnger dibdecyl i ndrical lens 7 is possible. The tol erated

vari ati on of distance between the lens and the first deflection elenent 8
is a féw m cronethsem formingpréiés deri ng and active adjustnent as descri bed
in DE-A 197 51 3543, he |aser diode 3 can then be bonded in such a way to
the beamformng optics 4 that the tolerated variation of nounting between
it and@&he cylinndoagal lens 7 is about 0.5 m Various nodifications of the
enbodi nent described are possible. Thus, the cylindrical lens my be
fastendd with cerﬁ‘gﬁ‘lﬂd’a?f’ié‘?{?l y to the laser diode. The first deflection

el enentg and t he pacRAd.Aefdgaidon el enent may al so consist of glass, and
for instance be nmade by an etching process. They may al so be etched

di rect Pgbint o t h&iddlock separating them The nunber of fields in the

defl ec 'bon el ement s gﬁ% be. tw?, four or nore, instead of three. The beam
for m ng optics mayoRgrsiettiogelemstiacting el ements, for instance prisms and
pl atesjlabinal | yFidi@ser diodes having wavel engths particularly between 600
nmand 1,000 nm and. nore particularly between 630 nm and 980 am which are
outside the regions indicated above can be enployed. List of reference
synbols | Collimator 2 Light source 17 Septenber 2004 WO 01/84077 3 Laser
di ode 4 Beamform ng optics 5 Block



6 Munt 7 Cylindrical lens 8. first deflection el ementt7 SpidmiserFiophds 10
second deflection elenent 1la,b,c Fields 6 PCT/EP 01/02204 17 Septenber
2004 7 CLAIMS 1. Optical teleneter with at |east one |ight source (2) for
target illumnation and with a collimor (1) collimating the radiation to
be emtted by the telenmeter prior to target illumnation, the |ight source
being arranged in front of the collimator (1) and fitted with a |aser

di ode (3)CL&vNS as edge emitter, as well as with a receiver and a control
and evaluating unit, characterized in that the |ight source (2) has beam
form ng optics (4) nounted downstream of the laser diode (3) and at |east

approxi maiel y ObticaTidlahbmgwitar kadtlonB BBl sotide: (2)%1- %gétgnﬁﬁmrah@ﬁ aﬁ& w1tﬁf fsets
partial beans emtted from successive segnents of em ssi on edge of
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characteri zed fifted hr&h at hgebéiate (3 pfaried asrﬁdlg@Senﬁﬂt):r GRMNPEN 86 RGthAa Hd’eﬁ?er
defl ection el erredﬂ based on the diffraction or refraction of |ight,

and a second d&t é&PF‘HHl anefupuaing yinga sharasterizerd injithat thetlighi source (2
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structurlng, e structurl elrn into a ast _
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g%m successive segments of the emission edge of
laser diode (3) parallel to this edge in such a way that their projections onto a
plane formed by the emission edge and the beam direction overlap at least to a

large extent.

2. Optical telemeter according to claim 1, characterized in that the beam
forming optics (4) comprising a first deflection element (8) based on the
diffraction or refraction of light, and a second deflection element (10} based on
the diffraction or refraction of light, each having an essentially plane surface
with structuring, the structuring being divided into at least two fields (9a, 9b, 9c,
11a, 11b, llc).

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

emits with a wavelength between 850 nm and 980 nm.

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

emits with a wavelength of approximately 1,550 nm.

5. Optical telemeter according to one of claims 1 to 4, 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).



emts with a wavel ength between 850 nmand 980 nm 4. Qutsdpdmba ot er
according to claiml1, characterized in that |aser diode (3) emts with a
wavel engt h of approximately 1,550 nm 5. Optical teleneter according to one
of clains | to 4, characterized in thatg the beamform ng optics (4)
conprises a cylindrical lens (7) immediately followng after the |aser
diode (3), the axis of this lens being parallel to the em ssion edge of
the | aser6di od@©tRpl teleinefapceatdéng P05, chaBpiterizéd incibareicatiamerpblileg t o
claimb, characterlzeﬂ in_that the diameter of the cylindrical lens (7) is
at nost 65 m lndpesl %‘FS(F}&ISé’ﬁﬁ{Oé‘i’GSalé’@ordl ng to claim5 or 6, characterized
In that the distance between the em ssion edge and the cylindrical |ens
(7) is at nost 15 m 8. Optical teleneter according to one of clains | to
7, characteri zOgtical tellametdrraecdrﬂingtto daﬁi gairi Qrehak suremiied ) tien tHeldistgics t he
partial beanms jn different ways in direction transverse to the em ssion
edge and al so ];’qwﬁelﬂﬁhFé’E'tlerHW sslge and Fhe qybindrical jeas (Drept me§tilReimt he second
defl ection el enent (10) essentially side by side and the second deflection
el enent (10) orients the partial beans in such a way as if they all issued
froma Ii&e i nOptiel tddemétephaoring tocalel ofradime 1(th)7, cRaraOpirized!in tRdtere figst

di t h d that .{the f (9 9b, 9 f th
i ret dert ect | SsleEtioheRmena®) 30 d6iictetheaanish baimetn difioxchowns 1 dreciae and
contai n differgmsyeist td AetednfithiGt é&%‘étdﬁﬁ%ﬁo 1ﬁ'lch1felaﬁ$n Pﬁ’gglaqg@tetﬁa%ef Et?ilkgs

(11a, lib, 11 ¢c) of the second detlection el enent corresponds to the
nunber of fiel e i@and glsflectig) elsinenhe16) restentially eolei by sile nandt tl(e8);ecohﬂ|e

fields (Ila, seco def | ctlon el ement (1 ont.ai ni.ng
di fferent di ffégkef’{ zlg?’Fﬁt (ﬁg}%’%m S_Lgl p@ﬁl 5103 BY TR feravasd % it¥edne of
claims 8 to 9, feharlaetifficfealipldedcolliffiorfgpm f orm ng optics (4) conpri ses
a block (5) of transparent”"material with a first front face to which the

first deflection elenment (8) is fastened and an opposite
9. Optical telemeter according to claim 8, characterized in that the fields (9a, b,

9¢) of the first deflection element (8) are oriented parallel to the emission edge and
contain different diffraction structures, and that the number of fields (11a, I1b, 11¢)
of the second deflection element (10) corresponds to the number of fields (9a, 9b,
9c) of the first deflection element (8), the fields (11a, 11b, 11¢) of the second

deflection element (10) containing different diffraction structures.

10.  Optical telemeter according to one of claims 8 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.

11.  Optical telemeter according to one of claims 8 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

cylindriéal lens (7) is tied to an amount (6) fastened to the first front face of block
).



second front face to which the second deflection el enent7 S$skldmbér 4083t ened.
11. Optical teleneter according to one of clains 8 to 10, characterized in
that the first deflection elenent (8) and the second defl ection el enent
(10) consist of plastic. 12. Optical tebeneter according to claim10 or 11,
characterized in that the cylindrical lens (7) is tied to an anmount (6)
fastened to the first front face of block (5). 17 Septenber 2004 9 13.
Optical té&} ene@éﬁcaéé@@m#h geaording & elain 12c pharactevized én that the firsttdefedtionst
defl ection n ral h nount (6). 14. Optical teleneter
accordi ng to c gﬁrﬁtltl(gﬁmn%gra[] Et Utngké)Zed in that the laser diode (3) is
fast ened by sol dering to block (5). 15. Optical teleneter accordi ng to one
of clains to 11, characterized in that the cylindrical lens (7)

f ast ened i‘b th@pr%é@m&ﬁtﬁﬁ%ﬂcw}n&xwale@r?e@n13 sharacfsrized in thatdhelaesr diode

according to o gfﬂastéﬁ% characterized in that the beam
formng opti cs@? I's gé)gl gne é]t%bgducgfg a way that the partial beans wll be

superinposed in the far field. 17. Optical teleneter according to one of
t he preceging @I aims,. characterized in t&zt the beam form ng optics ( is
u

desi gned Ricel \tElgmetsn aeqaiding dpqng| of claims 7 to d hecharacteyized dn that ﬂﬁaged
onto a nearly saman&l ldn€| A s fastened to the laser diode (3) with cement.

16. Optical telemeter according to one of the preceding claims, characterized in that the
beam forming optics (4) is designed in such a way that the partial beams will be
superimposed in the far field.

17. Optical telemeter according to one of the preceding claims, characterized in that the
beam forming optics (4) is designed in such a way that the partial beams in the far

field are imaged onto a nearly square field.





