YO 01/84077 1 DESCRI PTI ON OPTI CAL TELEMETER 5 Technical field PCT/EP
01/ 02204 The invention relates to an optical teleneter such as enpl oyed

for insV@dd/84077he surveying of plotis of |and and bui lﬁbﬁ%POi’fazfﬂ or art
Optical telemeters of this kind have been known for some tine already. The

| aser diodes wused as |ight sources have the di sadvantage, however, that

‘“the light beamexiting at the enission edge has a very - ow
cross section. This |eads to poor target 15 illum nati on, ﬁ ﬂ part
of the light beam strikes the tapggicRipygodet racting from and

from measuring accuracy. Moreover, reflection of parts of thﬂ”ﬁ@hn1nissing
the target at other objects, which for instance are nore distant, may

' . 20 Description of the invention The
foventlon | <OPAIENT, TRERMETERC 5 v an he above

i nvention is based o to specify an optical t (
kind providing a better target illum nation than kno fl m,‘mlo; this
e

kind. 25 The advantages attained by the invention chi . !
decisi ve i in?ﬁ}’é‘FPé‘ﬁﬁe@f range, i.e., the maxi num di st ance *f®8t* can be

measured or, for a given range, in an increased neasuring accuracy.

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.c., 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.



Brief description of the drawings 30 In the follow ng, the invention is
described in greater detail with the aid of figures representing nerely

.one enbadOnEM407WO 01/ 84077 2 PCT/ EP 91/02204 Figure 1 apggep®ijoadbd VY
shows a lateral view of an emitter of a teleneter 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 elenment of the emtter according to Figures 1 a, b, 10
Figure 4 shows a top view counter to the beamdirection of a second

defl ection elenent of the emtter according to Figures 1 a, b, and Figure
5 showsFiguee tasapematitdliynshossiadatesd] tvidw eflab ymithe of @i telefkteaacaiding go tie
Figures; 1 b. 15 Ways to practice the invention An optical teleneter
accordiﬁﬁeﬁ%”%he i nvention conprises an emtter as well as a receiver
that, in known manner, can for instance be built up with optics and

aval anche phot odi odes, and further conprises an electronic control and
evaluat Figgrauth schemsticadly shosaa tapesieyeof 2@ enaitter ascbiding tofigenilasi on of | i ght
pul ses by the emtter and eval uating the output signal of the receiver.
The di stance can be neasured by transit-tinme determ nation or by the phase-

mat chi nBighechBhewea tdh@ieaid b&dm AasctnCeH 4 fisRtdRIledideedt! Gthe SRIHGE 2 put
in front of it which is conposed of a 25 |aser diode 3 and beam form ng

opti cs 2cordiRg loddgwresiade 3 is an edge enmitter emitting el ect romagnetic
waves in the infrared, preferably at a wavel ength between 850 rimand 980
nmor a wavelength X = 1,550 rim The em ssion edge has a | ength between 30
m afd 8Rigure 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 um and 3 um. 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 um 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



mwhile its width is between 1 mand 3 m The eni ssion edge nay be
interrupted in its longitudinal direction. For instance, instead of one
1 aser dvpd@ik4@7vi near array of |aser 330 di odes having epggétfﬂg}oa opf for
i nstance 50 m and di stances between successive edges m Ccou d be
provided. The nunerical aperture corresponding to the sine of half the
“angul ar aperture has a value of 0.1 parallel to the em ssion edge and of
0.6 to 0.7 transverse WO 01/ 84077 3 PCT/ EP 01/02204 to this edge. The
roduct
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The di %Heefagerr d?cf)de 3 and an opposite second front face turned toward the collimator 1. The first

15 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

20  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 pm and at most
15 um, 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.

25  Downstream of the cylindrical 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 suppports a second deflection element 10 consisting of

30 plastic 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.



20 the-cylindrical Iens and its distance fromthe enission edge nay al so be
much | arger than the given values, but for small values, particularly for
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small so that the | osses caused by this overlap are also kept [ow. 25
“Downstream of the cylindrical lens 7 a first deflection elenent 8 is
arranged which is integral with the nmount 6 and has a structured surface
that is essentially plane and parallel to the first front face of block 5.
Parallel to the em ssion edge it is divided into three successive fields
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Thus, 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
20 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 extrapolation 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

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

5). 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 lateral resolution. Wavelengths around 1,550 nm are also
30 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
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wel | as the second ) _ o )
of cylindrical lens 7 is possible. The tolerated variation of distance between the lens and

to

the first deflection element 8 is a few micrometers. Using soldering and active adjustment
15 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 modifications of the embodiment described are possible. Thus, the cylindrical lens
20 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
beam forming optics may consist of refracting elements, for instance prisms and plates.
25  Finally, laser diodes having wavelengths particularly between 600 nm and 1,000 nm, and
more particularly between 630 nm and 980 nm which are outside the regions indicated

above can be employed.

List of reference symbols
30
| Collimator

2 Light source



defl ection elenment 10, each are produced by one of the replication

techni ques as described in M T. Gale, Replication', in H P. Herzig

(edi torWO 0M8d0D? Optics', Taylor & Francis 1997, pp. 158ecTAP ofopr204st ance
by etching of a cylinder or piston of quartz and by hot enbossing,
injection nolding, or casting followed by UV curing, and are then bonded to
10 block 5. The definition of the diffraction structures can be perforned
wi th known conputer progranms. The replication technique allows |arge
nunber s3 of parts Lgep@iofi@bri cated at favorable cost. Since the nount 6 is
al so made by this _technique, a very precise positioning of cylindrical

l ens 7 4s possi bl BeanTframing eptissed vari ati on of di stance between the |ens
and th@ first deéﬂ& tion elenent 8 is a few mcronmeters. Using sol dering
and active adjustnment 15 as described in DE-A-197 51 352, the | aser diode 3
can thesm be bondeMotux such a way to the beamform ng optics 4 that the

tol erated variation. of nounting between it and the «cylindrical lens 7 is
about 0/5 m VarieU&dssailepcati ons of the enbodi nent described are

possi blge. Thus, t Ladr i ens 20 may be fastened with cenent
directl§ to the I@E%%xgkﬁﬁgagﬁ%%éfirst defl ection el ement and the second
def | ect9adnc el enerffielday al so consi st of glass, and for instance be nmade by
an etching process. T may al so be etched directly into the block
separalﬂ%g thewnSﬂﬁ?dééﬁﬁﬂﬁgkﬁnW?%lds in the deflection el ements may be
two, foygppar norepjelgpstead of three. The beamformng optics may consi st

of refracting el ements, for instance prisns and plates. 25 Finally, |aser

di ddes havi ng wavel engths particularly between 600 nmand 1,000 nm and
nore particularly between 630 rimand 980 nm whi ch are outside the regions
i ndi cated above can be enployed. List of reference synbols 30 1 Colli nmator
2 Light source



WO 01/-84077 6 3 Laser diode 4 Beamform ng optics 5 Block 6 Mount 5 7
Cylindrical lens 8 first deflection elenment 9a,b,c Fields 10 second

defl ect oo glgaoent |l a, b, c Fields PCJ/ EP 01/ 02204 10 C\r R B490Z204 CLA M5
"PCT/ EP 01/02204 1. Optical telenmeter with an enmitter conprising a
collimator (1) and at |east one light source (2) arranged in front of the
~collimator (1) and fitted with a | aser diode (3) 5 forned as edge em tter,
as well as with a receiver and a control and eval uating unit,

characterized in that the |ight sogncemn®) has beam form ng optics (4)
nounted downstream of the |aser diode (3) and offsetting partial beans
emtted from successive segnents of the em ssion edge of |aser diode (3)

parallel to thij.s e in _.such a way that their. projecti onto | ane

Pormed by - nePisi SP8eu SrkatrfEorsind § SalipBie GFanlRRrah o8k Pellact 1 o

a large extegurcel2) @bhgl int RdRIFFURE cARGRALH (MY abd fiGb@iwHhla 188084 €1)i zed in

that |aser diode (3) emts wth a wavel ength between 850 nm and 980 nm

5 formed as edge emitter, as well as with a receiver and a control and evaluating unit,

characterized in that the light source (2) has beam forming optics (4) mounted
downstream of the laser diode (3) and offsetting partial beams emitted from
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

10 beam direction overlap at least to a large extent.

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

with a wavelength between 850 nm and 980 nm.

15 3. Optical telemeter according to claim 1, characterized in that laser diode (3) 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 (4) comprises a cylindrical lens (7) immediately following after the
20 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

cylindrical lens (7) is at most 65 um.

25
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.
7. Optical telemeter according to one of claims 1 to 6, characterized in that it
30 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 transverse to the emission edge and also in a direction parallel to it that



15 3. Optical telemeter according to claim1, characterized in that |aser
diode (3) emits wth a wavel ength of approximately 1,550 nm 4. Optical

t el enet vO01¢840d7ng to one of clains R to 3, characteri zp@ﬁ/ﬁrr{)ﬁﬁfzﬁfme_ beam
form ng optics (4) conprises a cylindrical lens (7) inmediately follow ng
after the 20 laser diode (3), the axis of this Ilens being parallel to the
‘em ssion edge of the laser diode (3). 5. Optical telemeter according to
claim4, characterized in that the' dianmeter of the cylindrical lens (7)
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of clains 1 &hanacteni zed in that it 30 conprises a first deflection
el enent (8) gsg%e%afr%nggélngngg’felzfg%ﬁlip eé’?&?#@matﬂ&-z the first deflection
element (8) so deflecting the partial beams in different ways in a
direction transverse to the em ssion edge and also in a direction parall el

to it that WerHeal delgmetes aprording to £layp2 b shanagtexized keﬂmté?isém_rdéﬂd@fdnect |t on
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(10) orients t eans 1n suc y ’as _ _
line in the wbeal cqitainedifferenol diffrmtion dtiiturss, GandOfak CRik deBbRITRIAECtRMCOr di Ng
to claim?7, éhar actlg)r' zed in that the first deflection elenment (8) has

several succELfYd S8 a3, nugpber 9¢ yuqsessael figlds @ ek behl 9dtapsvessife  whi ch
cont ai n di f f @ Qftisstlinf ddgB Gl Lol BIREER qirfdid ol iy Second def lection
| nunber o el as

el enent (10) has an equa successive fi (11 a, 11 b, 11 ¢)
tradfsverse to the emission edge which contain different diffraction
structu§es. 60. . . . . )

. ptical telemeter according to claim 8, characterized in that the first deflection
element (8) and the second deflection element (10) each have a structured,

essentially plane 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

detflection 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
lens (7) is tied to a mount (6) fastened to the first front face of block %).
25
13. Optical telemeter according to claim 12, characterized in that the first deflection

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

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

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



9. Optical tetemeter according to claim@8, characterized in that the first
deflection elenent (8) and the second deflection elenent (10) each have a
Struct uneg,01/&m9entially plane surface containing the di 5h i

structures. 15 10. Optical teleneter gccording to one Of§§FZ?%€%©2%%491
characterized in that the beam formng optics (4) conprises a block (5) of
transparent material with a first front face to which the first deflection
el enent (8) is fastened and an opposite second front face to which the
second defl eobtied elkgiRRAL ol S : [ | e r
according to gne ggkclaiég&%9%§t?é%ééﬁ§$§%$%%?%éé’fn @ﬁ%?bfﬁgnﬁgggﬁm

defl ecti on e¢tdindrical(&)s @ni fastencdac thedaske diciet(d pwitkkemest (10) consi st of
plastic. 12. Optical teleneter according to claim 10 or 11, characterized
in that the cylindrical lens (7) is tied to a nount (6) fastened to the
first front face of block (5). 25 13. Optical teleneter according to claim
12, characterized in that the first deflection elenent (8) is integral
with mount (6). 14. Optical telemeter according to claim12 or 13,
characterized in that the laser 30 diode (3) is fastened by soldering to
bl ock (5). WD 01/84077 9 PCT/EP 01/02204 15. Optical telenmeter according to
one of clains 4 to 11, characterized in that the cylindrical lens (7) is
fastened to the | aser diode (3) with cenent.



