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(57) Abréegée/Abstract:

The invention relates to a distance measuring device. A transmitting part (5) for electromagnetic radiation especially radar radiation,
emits measuring pulses (A, B) which are controlled by a pulse generator (1), and a recelving part (8) Is switched to a ready-to-
receive mode after a certain, adjustable delay (T -, ,), before a next measuring pulse Is emitted, for receiving a reflected pulse

during a time gate (18). The aim of the invention Is to provide a calibration process taking into account all practical defects. To this
end, the pulse generator (1) produces pulses with a multiple of the frequency with which the measuring pulses are repeated and a
calibrating cycle in which calibrating pulses (z0 to t9) are produced with pulses generated by the pulse generator (1), controlled by
the transmitting part (5), Is carried out at longer intervals in time. The calibrating pulses (0 to t9) are recelved directly In the
receiving part (3) and the delay time (T, ) In the receiving part is regulated in such a way that a generated calibrating pulse

(t0 to t9) Is recelved directly by the recelved directly by the recelving part (8) during a time gate (18).
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Abstract

The Invention relates to a distanoe measuring device. A iransmitting part (&)
for electromagnetic radiation especially radar radiation, emits measuring pulses
5 (A, B) which are aontrolied by a pulse generator (1), and a receiving part (8) is

switched to a ready-to-receive mode after a certain, adjustable delay (Tpgay!.
before a next measuring pulsa Is emitted, for recelving a reflected puise during
a time gate (18). The alm of the invention is to provide z callbration process

taking into account all practical defects. To this end, the pulse generator (1)
10 produces pulses with a multiple of the frequency with which the measuring
puises are repeated and a calibrating cycle in which calibrating pulses (10 to
T9) are produced with pulses generated by the pulse generator (1), cantrolled
by the transmitting part (8), Is carried out at longer Intervals In time. The
calibrating pulses (t0 to t8) are received direotly in the receiving part (8) and
15 the delay time (Tpaay) in the recejving part is regulated in such a way that a
generated calibrating pulse (t0) to0 t9) is received directly by the received

directly by the recelving part (8) during a time gate (18).
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Distance Measuring Device and Method for Calibrating
a Distance Measuring Device

The invention relates to a method for standardizing a
distance measuring device in which a transmitter part for
electromagnetic radiation, in particular radar radiation,
emits measurement pulses which are controlled by a pulse
generator, and a receiver part 1is switched, after a
specific adjustable delay before the emission of a
subsequent measurement pulse, to a ready-to-receive state
for the reception of an echo pulse during a time gate.

The invention also relates to a distance measuring device
having a transmitter part for electromagnetic radiation,
in particular radar radiation, which has a pulse
generator for (generating measurement pulses and a
transmission antenna, and a receiver part which has a
reception antenna and an adjustable delay circuilt for
setting a time gate for the reception of echo pulses

before the emission of a subsequent measurement pulse by
the transmitter part.

Distance measuring devices which are suitable for
detecting distances and relative speeds are provided 1in
particular as close~range radar systems for automobiles.
For this purpose, a number of 1individual sensors are
arranged at suitable points all around the automobile.
Instead of radar transmitters, it is also possible to use
other transmitters of electromagnetic waves, for example
lasers.

The individual sensors are controlled either by a central
control unit, or a small number of central control units,
or by a separate control and evaluation unit on each
individual sensor. These units perform the functions of
actuation, monitoring and evaluation of signals.
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A desirable distance rasolution is, for exarple, 10 cm.
such distance resclutions cannot normally be achieved
in compliance with the legal regquirements relating to
S5 the allocation of frequencies when there 1ls a measuring
range of 30 m with continuously emitting radars. For
this reason, it is known, for aexample, from WO 986/04930
Al to use pulse radars which emit very short pulses
(for example T = 333 ps), the pulse repetition rate
10 usually being approximately 5 MHz, which cocraesponds to
a period of 200 ns, and thus to a uniquely defined
range of 30 m between two measurement pulses. The
distance measurement 1s performed here by forming, 1in
the receiver part, a distance gate whose tlme position
15 can be adjusted Dpby means of an electronically
addustable delay circult. Here, according to the
principle, in each case only one time .Jate can be
sensed using measursment technology. The i{ime gate to
be measured is chearacterized by its width and 1ts
20 position on the time axis. The width of t.ie time gate
is usually selected to be equal to the pu.se width of

the measurement pulses. The position on the time axis
can be set by the delay circuic.

|
25 For the duration of a certain time period, the control
voltage which is used to set the delay cizcult can be
constant hare or can move in a very snall voltage
interval sco that a measurement periocd for a time gate
is implemanted on tha time axis which is :ignificantly
30 longer than the time period between two measurement

pulses. Thus, for examplem when sensing a range of
25.6 m and a time gate width corresponiing to the
distance rescolution of 10 cm, 1i1f 25¢ gates are
implemented gach gate can be opened for a time period
35 of 100 us, respectively. The measurement p«riod for the
entire sensad range is in total 25.€6 ms here. In all
256 time sections, integration of the recec¢ption signal
takes place successively for one time cate in each
casa. Here, an lntegrating low—-pass filter can be used
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in the baseband. Only the signal from tha time range
which predefines the delay circuit is integiated in all
cases. As a result of the integration c¢f the echo
signals which occur in the reception time ¢ate (500 in

5 the example), the signal—-to—noisae ratio at the output
of the low-pass filter can be significantly better than
at the input. In order to measure the ent:.re distance
range, the delay circuit 1is adjusted from the minimum
to the maximum wvalua, or vice versa.

10
The precision with whlch the delay circuit can be set,
determines the distance measuring precisior, as can be
seen. In order to determine the angle st which an
object can be detected in the vicinity of [he vehicle,

15 1t is necessary to measure thls object with at least
two individual sensors. Tha angle value =—-an then be
acquired Dby evaluating the measured individual
distances using triangulation. The measuring precision
which can be achlieved in the individual sensors for the

20 distance measurement is therefore also decisive for the
precision of angular measuramants.

Because of the tolerances of the analog circuit
eléments which are always present and which occur when
25 the @lecrtronlc delay 1s generated, typicelly only an
precision of approximately 1% can be achigved 1n the
setting of the delay, and thus in the distance
measurement. The cause of the tolerances are component
fluctuations, temperature effects and aging effects.
30
During the precise measurement of the distsnce which 1s
set for the delay circult by the application of the
control voltage, and the perceptible distaace which 1is
thus s@t, a characrterlistic curve is acrpuired which
35 cannot be precisely reproducaed from individual sensor

to 1ndividual senscr. A software compens:ztion of the
ragspactive charactaristic curve aerrors is therefore not

possaible for & series production devicnm. A higher
measuring praecision has therefore hitherto only been
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achievable by means of an individual measurement, with
which howaver errxrors as a result of temperature changes
or aging cannot be detected.

DE-A 2 002 6Bl discloses a radar distance measuring
system which permits &a self-calibratiny mode of
operation. In this mode of coperation, a delayed pulse
is amitted via a delay line and conducted directly to
the receiver wvia an attenuation devica. In the
receiver, & measuring circuit for the timi up to tha
reception of an echo signal is started witl. each pulse
of & pulse generator, it Dbelng possibkbla Tfor said
measuring clrcuit to be composed, for exuple, of a

saw—-tooth generator. When tha echo signal .s received,

the instantaneous voltage is evaluated as i« measurxe orf
the time which has passed since the emission of <the
measurement pulse - and thus as a measesure of the

distance. Tha pulse which 1is emitted with a delay
during the standardization operation 1s fed as a
simulated echo signal to the reception <¢ircult. The
measured value for the time which has passid since the
triggering of the pulse 1s compared with a reference
value., In a further embodiment ¢of this devize, both the
dellays and the attenuations can be switched as a
function of the current maasuring range in order to
obtain the standardization for the current measuring
ranga. Standardization which can compensa.e measuring
erxrors as &a rxesult of temparature charges, aging,
conmponent tolerancas or the like is not possikble by
means of the known arrangement because the delay
cirenits and possibly also the test si¢nal sources
themselvas may be tenmperatura-dependent, aging-
dependent and tolerance—dependent.

US 3,278,935 discloses a radar test device 1n which

radar Targets are simulated. For this purpose, a
reverberation signal, which is composed ¢f pulsaes at
equal intervals with decreasing amplitude |lacuna] from
an emitted <transmission pulse. In this way, radar
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targets which are at a fixaed, predefined d..stance from
one another are simulated. As a result, it is possible
to standardize the reproduction of radar targets, for
axample on a radar 5screen, because there must be an

5 egual distance in each case between the similated radar
rargets. The present invention is based on the problem
of permitting a higher degraee of measuriry precision
for radar distance measuring devices, it belng possilblea
to detect Qrrors due to component tolerances,

10 temperature changes and aging, and there buing no need
for a high degree of expenditure on individual
measurements.

Taking this problem as a starting point, the method

15 mentioned at the beginning for standaxdizing a distance
measuring device is charactaerized accorcing to the
invention in that the pulse genarator pro3iuces pulses
which are a3 multiple of the pulse repetiiiion rate of
the measurement pulses, in that a standardization cycle

20 is carried out at relatively long time intervals by
producing standardization pulses wlith pulsas generated
by the pulse generator under the control of the
transmitter part, in that the standardization pulses
calla be received directly in the receiver part, and in

25 that the dalay 1in the receiver part is st in such a
way that a generated standardization pulse 1is receivad
by the receivar part directly during a time gate.

Taking the abovemantioned problem as a stuarting point,
30 a distance measuring device o¢of thae type mentioned at
the beglinning is also characterized in that the pulse
generator generataes pulses with a repetlitiun rate which
corresponds to a multiple of the pulse rapetition rate
of the measuremant pulses, 1n that staindardization
35 pulses can be produced in a standardization cycle,
which 18 switched on at relatively ‘long tiie intervals,
with pulses of the pulse generator undar T11e control of
the transmitter part, in that the standardization
pulses can be recaived directly by the rec:iver part by

|
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means of &a short-circuit coupling, and in that an
evaluation device is provided for matching the timing
of the time gate and standardization pulse.

The invention 1is based on the idea of using the
chronological precision of the formation of pulses by
the generator, for example by a gquartz gernerator, for
the automatic standardization, to be continuocusly
repeated of the delay clrcuit in the receivor part. For
this purpose, standardization pulses whilch are located
between the measurement pulses are generxated in the
standardizetion cycle. It is easily r1ossible to
ganerate such standardization pulses by mul"iplying the
frequency of the generator which gererates the
measurement pulses. Therefore, by multiplying tha pulse
repetition rate of the generator Dby ten, nine
intermediate pulses between two measurement pulses are
produced and sald intaermediate pulses are wt a defined
chronological interval from tha preceding measurement
pulse. Barause only the measurement pulse .ia active in
the receiver part and the standardizatrlon pulses are
used only for the transmitter part, a time gate, whilich
can more oY less coincide with a2 standardi:zation pulse
of F‘the transmitter part which is fed diraeclly into tha
raeaceiver part, is formed in the receiver part by the
measurement pulse and the delay circuit. 3y actuating
the delay circuit with a control voltage it ie possible
to set the delay in such a way that tha Ttire gate which
is formed coincides as precisely as possible with a
standardization pulsa. In this way, the delay time
which corresponds to a certain distance can be checked
and set with the precision of the quartz of the
generator in the transmitter part. This setting can be

carriad out for chronologically different
standardiezation pulses so that referencae vzlunes for the
control~voltage/delay characteristic curve ars

avtomatically acquired and can be used to standardize
or correct the characteristic curve.
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The standardization method according to tra 1invention

is also suiltable in particular for radar systems in

which high—frequency seslgnal wave sections, whose

section wldths are determined by the width of the
5 pulses of a generator, are used as measurement pulses.

It is possible here to compara the time gute with the
pulsaea which 1limits the signal wave section or to
compara the raspective signal wave sactions with one

10 another, in which case both the pulse oI Ti1e genarator
in the transmitter part and the time ¢ate in the
receiver part can each connact through a signal wave
section of the same oscillator.

15 Thae multiplication according to the l1invention of the
pulse repetition rate of thae g¢generator in  the '
transmitter part would normally make it necessary to
use components which can operate with th: multiplied
frequency. This can be avolded if in each case only one

20 standardization pulse of the multiplied I[Irequency is
used and the other generated pulses ara Il'locked by a
masking circuit. The masking arrangement permite the
various standardization pulses to be successively
copnected through so that the multiplicity of reference

25 values Tfor the characteristic curve can e acquired.
Because only one standardization pulse ils ever
transmitted in the interval between two measurement
pulses despite the multiplication of tThe pulse
rapetition rate of the generator, it is not necessary

30 to use components Which havae To have iIn increased
speed. The masking of the pulses which are not
transmittad can take place 1in the transmltter part, but
can alsc take place in the receiver part. It is also

possiblae to mask both in the transmitter part and in
35 the receiver part, 1f appropriate 1in differant wavs.

The short-clircuit coupling between the trairsmitter part

and receiver part can be inmplementaed by manufacturing
appropriate, possibly attenuated connec-ting lines
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between the transmitter part and receiver part.-
However, it is also possible to use & coupling which
cannot be completely suppressed between the transmlttaer
part and the receiver part, for examplea a direct
coupling between the transmission antenna and recaeption

antenna or a reflection at a radome which is usually

located in very close proximity 4in front of the

antennas, for the standardization according .to tha
invention. In this case, additional componunts for the

implementation of the short=circuit coup.ing can ba
dispensed with.

The invention will be explained in more :letail below

with reference to exemplary embodiments illustrated 1in
the drawing, in which:

figure 1 shows a block diagram of a distance measuring
devicae according to the invention. with which
a standardization cycle can be Jarxied out,

in accordance with a first embodiment,

fiqure 2 shows a block diagram of a distarce measuring

device according to the inventio:r with which

; a Standardization cycle can be rcarried out,
according to a second embodiment,

figure 3 shows a schematic representat'on of the
neasurement pulses and standardization pulses

in ordar to explain the standardization
principle.

Figura 1 shows a bklock circuit diagram in which =2
generator 1, a pulse shaper 2, a sgwitch 3 and a
transmlssion antenna 4 form a transmitter part S. Here,
the switch 3 is switched on and off by the pulses of
the genarator 1 which are present at the cutput of the
pulse shaper 2 so that a high froguency wave whlch is
generated by an oscillator 6 and conducted +o tha
transmission switch 3 via a fork 7 i1s comnaected through

Racalvad Dac=04-=01 O0B:2Tam Erom=+48 8531 2814028 To=KIRBY EADES GALE BAK Paga 010
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tTo the transmission antenna 4 during the pulse
duration.

A receiver part 8 racaelves the output asimal of the
S generator 1 via a frequency divider 9. 1Its output

signals are fed to a delay circuit 10 wiaich can be
electronically adjusted with a control volrtage. Its
cutpur pulses activate and deactivate 1 reception
switch 12 wvia a pulse shaper 11 so0o tha: the pulse
10 duration of the output pulse, shaped by the pulsse
shaper 11, of the electronic delay circuit 10 forms a
time gate. During the time gate, the high-frequency
wave of the osclllator 6 1ls fed via the fork 7 and the
closed switch 12 to an input of a2 mixer :stage 13. An
15 ocho signal which is received by a receptioa antenna 14
is fed to the other input of the nixer stage 13 Dby
means of a changeover switch 15 in 1its reception
peosaition. During 3 standardization zycle, the
changeover switch 15 is switched over w#o that the
20 second input of the mixaer stage 13 is then connected to
the input of the transmission antenna 4 via an
attenuator 16. The attenuator 16 and ths changeover
switch 15 then form a short-—circult coup.ing between
the transmitter part 5 and receiver part 8.
25
In the normal mneasuring mode, the generstor 1 aemits
measurement pulses with 1its normal pulst: repetition
rate, Each measurement pulse is shaped ky tha pulse
shaper 2 and determines the switch-on dur.tion of the
30 transmission seswitch 3 by means of its pulse width so
that during the pulse width a high~frequency wave of
the oscillator 6 is fed to the transmissioa antenna 4.
For the measuring mode, the output pulse of the
generator 1 is fed directly tToc the irput of the
35 electronic delay circuit 10 with which a time gate
which corresponds to a specific distance is defined.
During the time gate, the high-frequency wave of the
oscillator 6 is fed to the first input of the mixer
stage 13. Irf an echo signal 1s recelved by the

Racsived Dac~04-01 D0NE:2Tam From=+48 331 2814028 To=KIRBY EADES GALE BAK Page 011
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roception antenna 14 within the time gate, this means
that 2 reflection of the transmission signul has taken
place at an object in the distance defined by the time
gate. The echo signal received by the recepiion antenna

5 14 1s fed to the second input of the mixer itage 13. IT
identical high-frequaency waves are present at both
inputs of the mixer stage 13, an output signal which 1is
proportional to the coincidence is proiuced as a
measurement signal for the xespaective dlstance. If =a

10 signal 1s present at one input of the mixer stage 13,
but there is no signal at the other, a 2zero output
signal 1s produced.

In order to carry out a standardization cycle, the
15 generator 1 generates pulses with a mu.tiple pulse
repetition rate, with ten times the frequency in the
exemplary embodiment lllustrated. Because T"hese pulses
are fed to the delay circuit 10 via a frequaency divider
9 which divides the fregquency by ten, orly one time
20 gate is generated in the receiver part 8 - as in the
measuring mode. On the other hand, in the tranamitter
part, ten pulses are produced instead of »ne pulse in
the measuring mode. Accordingly, nine intermedliate
pu.J,l;ses are generated as standardization prlses between
25 the times of the measurement pulses. Thesae are fed via
the short-circuilrt coupling 16, 15 (after the switching
over of the changeover switch 15 to tha stindardization
mode) to the mixer stage 13. If the time g:te formed by
the delay circuit 10 coincidaes with a stindardization
30 pulse, the mixer stage 13 generates a maximum output
signal. Giwven only partial correspo.ldence, re—
adjustment of the delay circuit 10 can be performed to
maximize the output signal of the nixer stage 13 in
order in this way to detect the control ~xoltage which
35 1s required at a given time for a specific distance
corresponding to the respective standardl:zation pulse.
This standardization can be performed Ior all new
standardization pulsaes 1n order thus to cetermine the
reference wvalues for the charactaeristili: curve. Of
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course, a further increase in the pulse repa#tition rate
of the generator 1 can result in even finer subdivision
of the measurement Iinterval - and thus even more
precise standardlzation.

If a certain degree of crosscoupling takes place as 2
result of the arrangement of the transmission antenna 4
and recaption antenna 14, the short-circtit coupling
which is brought about as a result can be utilized for

the standardization at the mixer stage 13 s¢ that the

attenuater 16 and thae switch 15 can be dispesnsed with.

In the exemplary embodiment illustrated in figure 2,
the high—-frequency wave sections which are formed are
not compared with one another for the staandardization
but rather the time gate formed by tha delay circuit 10
and the pulse shaper 11 on the one hand and the output
pulse, formed by the pulse shaper 2, of the gemnerator 1
on the other. This comparison is possible with a low=-
frequency COMPArartor amplifier which is, 1f
appropriate, combined yfith an integrator.

Figure 3 shows shaped output pulsas of tha generator 1

which form measurement pulses A, B ... wi:h the pulse
repetition rate T, .¢. As a result of the miltiplication
of the pulse repetition rate (factor 9 hare)

standardization pulses T™0 ... 19, which ar»» located at

the position of the measurement pulsas A, B, but also
equidistantly in the intarval between the measurement
pulses A, B, are produced. Figure 3 shows a schematic
view of a tTime gate 18 which can be disp .aced on the
time axis by the delay Temmay set in tha d=2lay clrcuit
10. The width of the time gate 18 is preferably set to
be aqual to the width or the standardization pulses T0
by means of the design of the pulse shapers 2, 11.

The standardization pulses and measureman” pulses can

be implemented, for example by means of a L0 MHzZ quartz
with a switchablse prescaler (210 or :1). With a

Dac=4=-01! 0B8:2Tam From=+48 831 2814022 To=KIRBY EADES GALE BAK Paga 013
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customary quartz, the £frequency error is less than
100 ppm. The standardization pulses 10 to t9 thus form a
time base with 2 high degree of precision which permits
preclse standardization of the delay Tpray a3 a function

5 of the control wvoltage of the elactronic dailay circuit
10.

The standardization cycle according to tle invention
can be effectively switched at predefined intervals by

10 the program of the distance measuring device so that
the distance measuring device is always =2utomatically
standardized again. Standardization at intarvals of 1
to 10 s is generally sufficient and alsc allows for
rapid temperature changes.

15

I
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Claims

1. A method for standardizing a distanci: measuring
device in which a transmittgr partk (5) for

5 elactromagnetic radiation, 1in particular radar
radiation, emits measurement pulses (i, B) which

arxe controlled by a pulse generator (1), and a

receiver part (8) 1s switched, after a specific
adjustable delay (Toeray) before the emission of a

10 subsaequent measurement pulse, to @ ready—-to-
receive state for the recaption of an aecho pulse

during a time gate (18), characterized in that the

pulse generator (1) produces pulsas which are &

multiple of the pulse repetition rate of the

15 measurement pulses, 1In that a standardization
cycle 1s carried out at relatlively 1long time
intervals by producling standardizatio:. pulses (t0

to t9) with pulses generated by the pulse
generator (1) undar the control of the transmitter

20 part (5), in that the standardizatior pulsaes (10
to 18) can be received directly in -:he receivear

part (8), and in that the dglay (T.gray) 1in the

| receiver part (8) is set in such a way that a
generated standardization pulse (10 to <T9) is

25 received by the receiver part (8) diresctly during
a time gata (18).

2. The method as claimaed in claim 1, characterized in
that a standardization pulse (t0 Tto 19) 1s compared

30 chronologically with the time gate (18) at the
output of the delay circuit (10) 1in the receiver
part (8).

3. The method as claimed in <claim 1 or 2,

35 characterized 1n that the width of the time gate

(18)is set in accordance with the duration of a
standardization pulse (t0 to 19).
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The method aas claimed in one of c¢claims 1 to 3,
characterized in that high=frequency »signal wave
sactions, whose section widths are dectermined by

the width of the pulses of a generatH>r (1), are
used as measurement pulsas (A, B).

The method as claimed in c¢laim 4, characterized in
that a pulse of the generateor (1) is comparad with

the time gate (18) at the output o the delay
circuit (10) during the standardizatior cycle.

The method as claimed in claim 4, characterized in
that a slgnal wave section which coiresponds to
the standardization pulse (10 to 9) and is
compared with a standardization pulse fed directly
into the receiver part (8) 1ls generated in the
receiver part (8) with the time gate (:8).

The method as claimed 1n one of clalms 1 to 6,
charactaerized in that in each case only one of the
standardization pulses (t0 to t29) which arae located
in the interval between twe measurement pulsas (A,
B) is used and the other standardizition pulses
(T0 to T9) are blocked.

A distance measuring device having a transmitter

part (5) for electromagnetic racdliation, in
particular radar radiation, which hLas & pulse
ganerator (1) Tfor generating measurcoment pulses
(A, B) and a transmission antenna (4), and a
raecelver part (8) which has a receplion antenns
(14) and an adijustable delay clrcu.t (10) for
setting a time gate (18) for the recertion of echo
Ppulses Dbefore the amission of a subseguent
neasurenent pulse by the transmittecr part (5),
characterized in that the pulse generator (1)
generates pulses with & repetition rate which
corresponds to a multiple of the pulse repetition
rate ot tha measurement pulses, in that
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standardization pulses (10 to 19) can e produced,
in a standardization cvcle which is awitched on at
relatively long time intexrvals, with pulses of the
pulse generator (1) under the contiol of the

5 transmitter part (5), in that the standardization
pulses (t0 to T9) can be received directly by the
receiver part (8) by means of a siort-circuit
coupling (16, 15: 17), and in that an evaluation
device (13, 17) 1is provided for matching the

10 timing of the time gate (18) and standardization
pulse (70 to 79).

9. The distance measuring device as clained in claim
B, characterized in that the output of the
15 generator (1) is connected to a first Jinput, and

the output of the delay circult (10) is connected
to a second input of a comparator stagm (17).

10. The distance measuring device as clained in clalm

20 B, characterized 1in that the output of the
ganerator (1) in the transmitter part (5S) controls

a transmission switch (3) for connecting through a
high-fregquency wave of an oscillator (6) with the

| standardization pulses (t0 to %9), in that the

25 delay circuit (10) controls a recestion switch
(12) for connecting through the h:.gh~-frequancy

wave of the oscillator (8) with the t:me gate (18)
ganarated from a measurement pulse (A, B), and in

that the two connectad=through h.igh—frequency

30 waves arrive at two inputs of & compi.rator device
(13) .

ll. The distance measuring device as claimed in one of

claims 8 to 10, characterized by en attenuated

35 coupling path (16, 15) betwean theé transmitter
part (5) and recelver part (8).

12. The distance measuring device as claiaed in ona of
claimas B to 11, characterized by a jenerator (1)
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which operates with a frequency which 1is =&
multiple of the frequency of the measurement
pulses (A, B), and an adjustable marling circuit
which transmits only one o©of the staiadardization

pulses (10 to <9) 1in the interval between the
measurement pulses (A, B).
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