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Method for Calibrating a Trigger Unit and Cascadable Sensor therefor

The present invention relates to a method for calibrating a trigger unit which is connect-
ed via a trigger line to at least two sensors that can be triggered, each sensor being connected
between two successive line portions of the trigger line, wherein each sensor has an input for
one line portion of the trigger line and an output for the other line portion of the trigger line, a
controllable interrupter between the input and output, and a control circuit connected to the
input and controlling the interrupter, wherein the interrupters of all sensors are initially open.
The invention also relates to a sensor for such a method.

A number of spatially distributed sensors are frequently used in measuring systems, for
example in order to record object scenes multi-dimensionally. If a number of sensors on a trig-
ger line are to be triggered, that is to say activated, simultaneously by a common trigger signal,
the propagation time of the trigger signal over the trigger line thus changes the actual trigger
point of each sensor and is to be taken into consideration with time-critical measurements, for
example with propagation time measurements. Besides the line length, the propagation time
over the trigger line is also dependent on temperature fluctuations and signs of aging, and
therefore a highly accurate measurement of the propagation time of the trigger signal, if this
only occurs once, leads to just limited accuracy however.

Spatially distributed transmitters and receivers of a radar system which are coupled to
one another in order to carry out a multi-dimensional sampling procedure are known from EP 1
570 291 B1 under the term “multistatic sensor systems”. The radar transmitters and receivers
are coupled in this case with the aid of a signal generator for each of the transmitters and re-
ceivers with adaptable clock signals of frequencies which deviate slightly from one another and
which are transmitted via a common signal line. The signal line is formed in bus topology with
branches to each sensor. Here, the sequence of the largely structurally identical sensors on
the trigger or signal line must be known for correct assignment of the measured data; it is gen-
erally programmed manually for this purpose following the establishment of the system or a
sensor replacement, which is complex and additionally susceptible to faults.

The document DE 197 40 306 A1 describes a method for initialisation of a bus system
with an additional initialisation line on which bus modules are connected in a cascade. To ini-
tialise a bus master, at first each bus module disconnects the initialisation line to the bus mod-
ule following in the cascade; the bus master then enquires about a device identifier of the last
accessible bus module in the cascade, which, after the enquiry, unblocks the initialisation line
to the module following in the cascade and thereby the bus master progressively determines
the sequence of the bus modules on the trigger line.

The object of the invention is to create a method for calibrating a trigger unit and also a

sensor suitable therefor, which can be more easily handled and is less susceptible to faults
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than with known multisensor systems and can automatically recognise signal propagation
times.

This object is achieved in a first aspect of the invention with a method of the type men-
tioned in the introduction, said method comprising the following steps:

transmitting a trigger pulse from the trigger unit via at least one line portion to a sensor;

in the sensor: receiving the trigger pulse and, if the interrupter switch is open, returning
a response to the trigger unit and closing the interrupter switch;

in the trigger unit: receiving the response and calibrating the trigger unit to the sensor
on the basis of the received response;

repeating the aforementioned steps for each further sensor until the trigger unit no
longer receives a response to a trigger pulse or a maximum, pre-set number of transmitted
trigger pulses (10) has been reached;

wherein each sensor reflects the trigger pulse as a response, and the trigger unit
measures the propagation times of the trigger pulses transmitted and then reflected by the
respective sensors and is calibrated thereto.

By connecting the sensors via their inputs and outputs in the form of a cascade be-
tween individual line portions of the trigger line in conjunction with the initially open interrupt-
ers, which only close step-by-step, in the sensors, the trigger unit can address each sensor
individually in the calibration mode and can be calibrated thereto. Neither the order of the sen-
sors on the trigger line nor the number thereof has to be known beforehand; each sensor is
addressed unambiguously in that it receives a trigger pulse when the interrupter is open. By
means of the reflected trigger pulse, in the calibration mode the propagation times over the
trigger line are further ascertained quite easily. The cumulated lengths of the line portions can
also be determined on the basis of the ascertained propagation times, which is only necessary
however if the trigger unit does not take into account the propagation times directly.

In accordance with the method according to the invention for calibration, the calibration
to line lengths or propagation times can be combined in each step with the calibration to the
order of identified sensors. To this end, it is particularly advantageous if each sensor has an
unambiguous identification and modulates the reflected trigger pulse with its identification, and
the trigger unit identifies the order of the sensors on the trigger line on the basis of the se-
guence of the incoming identifications and is also calibrated thereto. Such a modulation can be
implemented by a passive modulator, which does not require its own energy supply or its own
energy store, but merely reflects the energy of the transmitted trigger pulse. Further, there is
no need in this embodiment of the invention for a separate data bus for identification of the

Sensors.
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In an alternative embodiment of the invention, each sensor has an unambiguous identi-
fication and, following the reflected trigger pulse, also returns an identification pulse modulated
with its identification, and the trigger unit identifies the order of the sensors on the trigger line
on the basis of the sequence of the incoming identifications and is also calibrated thereto.
Such an identification pulse returned actively by the sensor may also have a much greater
power than a mere reflection, whereby it is possible to compensate for line losses or coupled-
in interferences, in particular with large line lengths. The duration of such an identification
pulse is also independent of the duration of the trigger pulse; a very short trigger pulse is suffi-
cient, which specifically with short line lengths helps to avoid collisions between transmitted
and reflected trigger pulses, wherein long identifications can still also be returned. In this case
too, there is no need for a separate data bus for identification of the sensors.

In accordance with a further alternative embodiment, it is advantageous if each sensor
has an unambiguous identification, and, following the reflected trigger pulse, if the identifica-
tion is also returned via a data bus to the trigger unit and the trigger unit identifies the order of
the sensors on the trigger line on the basis of the sequence of the incoming identifications and
is calibrated thereto. This embodiment is particularly suitable if a data bus is provided in any
case. Since the identification in this case is no longer transmitted via the trigger line, the trigger
line is relieved and the entire method for calibration can be performed more quickly and more
efficiently.

In a second aspect the invention creates a cascadable sensor, which can be connected
via an input and an output between two line portions of a trigger line and comprises:

a sensor circuit that can be triggered, a controllable interrupter between the input and
output, and a control circuit connected to the input and controlling the interrupter,

wherein the control circuit is configured

in a calibration mode: to initially open the interrupter and, once a first trigger pulse has
been received at the input, to output a response at the input and to close the interrupter; and

in an operating mode: to apply a trigger pulse, received at the input, to the sensor cir-
cuit;

further comprising a memory with an unambiguous identification and a modulator con-
nected to the input, wherein the control circuit is configured to return, as a response in the cal-
ibration mode, an identification pulse modulated with the identification with the aid of the
modulator.

Such a sensor can be cascaded in any order with other sensors having these features.
Reference is made to the previous embodiments of the method with respect to further ad-

vantages of the sensor according to the invention.
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If the propagation time of a trigger pulse over the trigger line or length thereof is to be
determined, the sensor thus further preferably comprises a reflector at the input, said reflector
being switchable by the control circuit, wherein the control circuit is configured to reflect the
trigger pulse at the input as a response in the calibration mode. It is particularly favourable if
the reflector is formed here by the interrupter in the open state. A further component controlled
if need be by the control circuit can thus be omitted. The sensor structure is simpler, more cost
effective and less susceptible to faults.

It is particularly advantageous if the sensor further comprises a memory with an unam-
biguous identification and a modulator connected to the input, wherein the control circuit is
configured to modulate the reflected trigger pulse with the identification with the aid of the
modulator. In an alternative embodiment the sensor comprises a memory with an unambigu-
ous identification and a modulator connected to the input, wherein the control circuit is config-
ured, following the reflected trigger pulse, to also return an identification pulse modulated with
the identification with the aid of the modulator. In a further alternative embodiment the sensor
comprises a memory with an unambiguous identification, wherein the control circuit is config-
ured, following the reflected trigger pulse, to also output the identification at the data bus con-
nection.

The triggerable sensor circuit of the sensor may be of any type as known from the prior
art. The sensor circuit is preferably a radar sensor circuit. Such a sensor circuit is particularly
suitable for multistatic sensor systems and may contain either radar transmitters or radar re-
ceivers or both.

The invention will be explained in greater detail hereinafter on the basis of exemplary
embodiments illustrated in the accompanying drawings, in which:

Fig. 1 shows a trigger unit with trigger line and sensors connected thereon in cascade
according to the invention; and

Fig. 2a to 2¢ show exemplary pulse diagrams over time for calibration of the trigger unit
to the sensors from Fig. 1.

According to Fig. 1, a trigger unit 1 is connected via a trigger line 2, composed of suc-
cessive line portions 2a, 2b, 2c, ..., to sensors 3a, 3b, 3¢, ..., generally 3, that can be trig-
gered. The sensors 3 are in each case connected between two line portions 2a, 2b, 2c, ... of
the trigger line 2 and thus form a cascade formed of any number of sensors 3.

Each sensor 3 has an input 4 for one line portion and an output 5 for the other adjacent
line portion 2a, 2b, 2c¢, ... and has a controllable interrupter 6 between the input and output 4,
5 as well as a control circuit 7, which is connected to the input 4 and controls the interrupter 6.

In a calibration mode according to Fig. 1 and 2a-2c, the interrupters 6 of all sensors 3

are initially open, as illustrated in Fig. 1. The control circuit 7 opens the interrupters 6 upon
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request, for example a regularly repeated automatic request by the trigger unit 1, for which
purpose the trigger unit for example transmits a specific signal (not illustrated) via the trigger
line 2 and the input 4 or an optional data bus 8 and a data bus connection 9 of the sensor 3;
the interrupter 6 can also be opened manually at the factory or during installation, and, if de-
sired, can also be closed permanently by the control circuit 7 after one-time calibration.

In the event of stepwise calibration in the calibration mode, the trigger unit 1 according
to Fig. 2a to 2¢ sends individual trigger pulses 10a, 10b, 10c, ... generally 10, step-by-step via
the trigger line 2, more specifically initially only the first trigger pulse 10a via the first line por-
tion 2a of the trigger line 2, since all interrupters 6 are open, to the sensors 3, here initially only
the first sensor 3a of the cascade. If, with open interrupter 6, a trigger pulse 10 is received at
the input 4 at a sensor 3 in the calibration mode, the respective sensor 3 thus returns a re-
sponse with the aid of its control circuit 7 to the trigger unit 1 and then closes the interrupter 6.
The trigger unit 1 receives the response and can calibrate itself on the basis of the received
response to the respective sensor 3, as will be explained hereinafter in greater detail.

If the interrupter 6 of a sensor 3 is closed, the sensor 3 thus does not respond to any
further trigger pulse 10. For further calibration to further sensors 3, the trigger unit 1 transmits
a further trigger pulse 10 for each further sensor 3 until the trigger unit 1 no longer receives a
response to a trigger pulse 10; alternatively or additionally, a maximum number of trigger puls-
es 10 to be transmitted by the trigger unit 1 can be pre-set.

As a response, the sensor 3 in a first embodiment 3a according to the example of Fig.
2a easily reflects the trigger pulse 10a by means of a reflector as a reflected trigger pulse 10a’
at the input 4. The reflector is formed in the simplest case by the interrupter 6 in the open
state. The control circuit 7 then closes the interrupter 6 of the sensor 3a.

The trigger unit 1 measures the propagation time t; of the trigger pulse 10a, 10a’
transmitted and then reflected by the sensor 3a and is calibrated thereto. The propagation time
t4 thus measured, which corresponds to a length |y of the trigger line 2 between the trigger unit
1 and the sensor 3a in question, here the length |; of the line portion 2a, can be taken into
consideration subsequently in an operating mode in which the sensor 3a takes measurements
with the aid of its sensor circuit 11. In further steps of the calibration mode, the trigger unit 1 is
calibrated on the basis of further propagation times t,, ts, ..., generally t,, or further cumulated
line lengths I, I3, ..., generally I,, to further sensors 3b, 3c, ... of the cascade until the trigger
unit 1 no longer receives a response to a trigger pulse 10.

In addition to such a measurement of the propagation times t, or also alternatively, if a
propagation time measurement is unnecessary or undesired, the sensors 3 and the order

thereof on the trigger line 2 can be identified in the calibration mode. According to the example
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of Fig. 1, each sensor 3 for this purpose has an unambiguous identification ID, stored for ex-
ample in a memory 12, and also has a modulator 13.

To this end, Fig. 2b shows an example of an embodiment in which the second sensor
3b of the cascade reflects a second trigger pulse 10b and modulates the reflected trigger pulse
10b’ with its identification ID with the aid of the modulator 13. This can be repeated again
stepwise for all sensors 3 on the trigger line 2. The trigger unit 1 thus identifies the order of the
sensors 3 on the trigger line 2 on the basis of the sequence of the incoming identifications 1D
of the sensors 3 and can be calibrated thereto in addition to the propagation times t, or can be
calibrated only thereto, alternatively to the propagation times t,.

In the example in Fig. 1 and 2b, the modulator 13 is formed as a closer 14 with an HF
driver 15 controlled by the control circuit 7. The closer 14 is a reflector in this embodiment and
short circuits to earth the trigger line 2, which is illustrated by way of example and which has a
defined wave impedance; the trigger line 2 may have any structure of wave lines known in the
art, for example may be a coaxial trigger line 2.

Here, the purpose of the closer 14 is to induce a deviation, controlled by the HF driver
15, from the defined wave impedance of the trigger line 2 and to induce a reflection thereon;
for this purpose, it may form a short circuit to earth for example, as illustrated in Fig. 1. In this
case, the interrupter 6 in the open state is preferably terminated with the wave impedance of
the trigger line 2, such that there are no reflections on the interrupter 6 itself, which spares a
separation from a reflection on the closer 14 itself. An interrupter 6 of this type is produced for
example by an SPDT (single pole, double throw) changeover switch, in which a first connec-
tion is terminated with the wave impedance of the trigger line 2 and a second connection is
connected to the output 5.

If the modulator 13 is to form an open circuit (not illustrated), the closer 14 could alter-
natively also be formed by the interrupter 6 controlled by the HF driver 15, and for example
could be structured as an SPTT (single pole, triple throw) switch, of which the first connection
forms the open circuit, of which the second connection is terminated with the wave impedance
of the trigger line 2, and of which the third connection is connected to the output 5.

SPDT and SPTT switches can be produced here in high-frequency semiconductor cir-
cuit engineering.

The identification ID is fixedly incorporated, for example programmed, into each sensor
3 in the example of Fig. 1 by means of its memory 12; the memory 12 could also alternatively
be inserted into the sensor 3 as an exchangeable module separate from the sensor 3 in the
manner of a SIM card.

In the example of Fig. 2b the identification ID is coded as a 4-bit identification with a

prefixed startbit 16, but could also have any other code length and coding. The reflected trig-
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ger pulse 10b’, instead of being amplitude-modulated, could also be frequency-or phase-
modulated and/or could have an additional stopbit.

The third sensor 3c of the cascade used for a third embodiment according to Fig. 2¢
may return its identification ID in the calibration mode in the form of a modulated identification
pulse 17 as a sole response or following the reflected trigger pulse 10¢’. The calibration may
again take place gradually in this way for all sensors 3 on the trigger line 2. In this case too,
the trigger unit 1 identifies the order of the sensors 3 on the trigger line 2 on the basis of the
sequence of the incoming identifications ID of each sensor 3 and is calibrated thereto, either
alone or additionally.

The identification pulse 17 can be provided for this purpose, as has been described fur-
ther above with respect to the reflected trigger pulse 10b’, with a startbit 16 and can be coded
with 4-bit length, or can be composed differently and is likewise generated by the modulator
13.

The modulator 13 is supplied with energy in this exemplary embodiment either sepa-
rately, for example via an external feed (not illustrated), wherein the signal power of the identi-
fication pulse 17 can be adapted and therefore any line losses can also be increased for com-
pensation; or the energy necessary to form and transmit the identification pulse is taken from
the trigger pulse 10c¢ itself, for which purpose the sensor 3¢ may have an energy store, for ex-
ample a capacitor (not illustrated). If the modulator 13 is supplied with energy separately, the
trigger pulse 10c may therefore be very short, as shown in Fig. 2¢; if, by contrast, the energy
for the identification pulse 17 is to be taken from the trigger pulse 10c, this is therefore of cor-
respondingly longer duration and/or is more powerful.

Alternatively, the control circuit 7 of a sensor 3 in accordance with a fourth embodiment
(not illustrated) may also be configured, following the reflected trigger pulse 10’ or instead of
such a pulse, to output the identification ID for calibration of the trigger unit 1 at the data bus
connection 9 and to thus return said identification via the data bus 8 to the trigger unit 1. The
trigger unit 1 again identifies the order of the sensors 3 on the trigger line 2 stepwise on the
basis of the sequence of the incoming identifications ID of each sensor 3.

Of course, all sensors 3 of the cascade may be designed in the same form, and the
trigger unit 1 can thus calibrate itself to all sensors 3 similarly; alternatively, sensors 3 of differ-
ent embodiments 3a-3c according to Fig. 1 can be combined in a single cascade, and the trig-
ger unit 1 can be calibrated in accordance with the variants shown in Fig. 2a-2c¢ or the variant
of the identification of the sensors 3 via the data bus 8.

In the operating mode, which can generally be activated after the calibration, the sensor
circuit 11 of each sensor 3 is triggered as necessary by the trigger unit 1 via the trigger line 2,

and a measuring procedure of the sensor 3 or sensor circuit 11 thereof is thus activated. The
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control circuit 7 and the sensor circuit 11 can receive possible adjustment values here via the
database 8 and the database connection 9 and/or the sensor circuit 11 can output ascertained
measured values in the same way.

The sensor circuit 11 of the example of Fig. 1 comprises a radar transmitter and/or re-
ceiver 11°, however the sensors 3 according to the invention and the method according to the
invention are not limited to radar sensors, but can also be applied similarly with other sensor
technologies.

Here, the sensor circuit 11 can be permanently connected to the input 4 and thus re-
ceive the trigger pulse 10 transmitted in the operating mode from the trigger unit 1 via the trig-
ger line 2. By contrast, in the example of Fig. 1, the control circuit 7 is configured, in the oper-
ating mode, to apply the trigger pulse 10 received at the input 4 to the sensor circuit 11 with
the aid of a controlled trigger switch 18, if a measuring procedure of the sensor circuit 11 of the
sensor 3 is to be triggered. The interrupters 6 of the sensors 3 connected in cascade are gen-
erally closed here in order to keep all sensors of the cascade ready for operation in the operat-
ing mode.

The invention is not limited to the presented embodiments, but comprises all variants,
modifications and combinations of the presented measures which fall within the scope of the

accompanying claims.
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FREMGANGSMADE TIL KALIBRERING AF EN TRIGGERENHED OG KASKADERBAR
SENSOR HERTIL

KRAV

1. Fremgangsmade til kalibrering af en triggerenhed (1), der via en triggerledning
(2) star i forbindelse med mindst to triggeraktiverede sensorer (3), som hver er indkoblet
mellem to successive ledningsafsnit (2a, 2b, 2¢) af triggerledningen (2), hvor hver sensor
(3) har en indgang (4) til det ene og en udgang (5) til det andet ledningsafsnit (2a, 2b, 2¢),
en styrbar afbryder (6) mellem ind- og udgang (4, 5) og en til indgangen (4) tilkoblet
styrekreds (7), der styrer afbryderne (6), hvor alle sensorernes (3) afbrydere (6)
indledningsvis star abne, hvilken fremgangsmade omfatter trinnene:

afsendelse af en triggerpuls (10) fra triggerenheden (1) gennem mindst ét

ledningsafsnit (2a, 2b, 2c¢) til en sensor (3);

i sensoren (3): modtagelse af triggerpulsen (10) og, nar afbryderen (6) er aben,

returnering af et svar il triggerenheden (1) samt lukning af afbryderen (6);

i triggerenheden (1): modtagelse af svaret og kalibrering af triggerenheden (1) til

sensoren (3) pa basis af det modtagne svar;

gentagelse af de forneevnte trin for hver enkelt yderligere sensor (3), indtil

triggerenheden (1) ikke mere modtager et svar pa en triggerpuls (10), eller der

nas et maksimalt forindstillet antal sendte triggerpulser (10);

kendetegnet ved, at

hver sensor (3) som svar reflekterer triggerpulsen (10), og triggerenheden (1)

maler lgbetiderne (t.,) af de udsendte og af de enkelte sensorer (3) reflekterede

triggerpulser (10, 10°) og kalibreres dertil.

2. Fremgangsmade ifolge krav 1, hvor hver sensor (3) har en entydig identifikation
(ID) og modulerer den reflekterede triggerpuls (10) med sin identifikation (ID), og
triggerenheden (1) identificerer reekkefolgen af sensorerne (3) pa triggerledningen (2) pa
basis af reckkefolgen af ankommende identifikationer (ID) og kalibreres ogsa i forhold
dertil.

3. Fremgangsmade ifglge krav 1, hvor hver sensor (3) har en entydig identifikation
(ID) og i tilknytning til den reflekterede triggerpuls (10°) ogsa returnerer en med sin
identifikation (ID) moduleret kendingspuls (17), og triggerenheden (1) identificerer



10

15

20

25

30

35

DK/IEP ==~ """~ 7~

2

reekkefalgen af sensorerne (3) pa triggerledningen (2) pa basis af reekkefolgen af
ankommende identifikationer (ID) og ogsa kalibreres i forhold dertil.

4. Fremgangsmade ifalge krav 1, hvor hver sensor (3) har en entydig identifikation
(ID) og i tilknytning til den reflekterede triggerpuls (10°) ogsa returnerer identifikationen
(ID) via en databus (8) til triggerenheden (1), og triggerenheden (1) identificerer
reekkefalgen af sensorerne (3) pa triggerledningen (2) pa basis af reekkefelgen af
ankommende identifikationer (ID) og kalibreres ogsa i forhold dertil.

5. Kaskaderbar sensor, som med en indgang (4) og en udgang (5) kan indkobles
mellem to ledningsafsnit (2a, 2b, 2c) af en triggerledning (2), hvilken sensor omfatter:
et triggeraktiveret sensorkreds (11), en styrbar afbryder (6) mellem ind- og
udgang (4, 5), og en til indgangen (4) tilkoblet styrekreds (7), der styrer
afbryderen (6),
hvor styrekredsen (7) er indrettet til
i en kalibreringsmodus: forst at abne afbryderen (6) og efter modtagelse af en
forste triggerpuls (10) ved indgangen (4) at afgive et svar ved indgangen (4) og
at lukke afbryderen (6); og
i en driftmodus: at leegge en ved indgangen (4) modtaget triggerpuls (10) pa
sensorkredsen (11), kendetegnet ved,
at sensoren yderligere omfatter en hukommelse (12) med en entydig
identifikation (ID) og en til indgangen (4) tilkoblet modulator (13), hvor
styringskredsen (7) er udformet til som svar i kalibreringsmodus at reflektere
triggerpulsen (10) ved indgangen (4) og ved hjalp af modulatoren (13) at
returnere en med identifikationen (ID) moduleret kendingspuls (17).

6. Sensor ifolge krav 5, yderligere omfattende en via styringskredsen (7) omstillelig
reflektor ved indgangen (4).

7. Sensor ifolge krav 6, hvor reflektoren dannes af afbryderen (6) i aben stilling.

8. Sensor ifglge krav 6, yderligere omfattende en hukommelse (12) med en entydig
identifikation (ID) og en til indgangen (4) tilkoblet modulator (13), hvor styringskredsen (7)
er udformet til ved hjeelp af modulatoren (13) at modulere den reflekterede triggerpuls
(10’) med identifikationen (ID).
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9. Sensor ifglge krav 6, yderligere omfattende en hukommelse (12) med en entydig
identifikation (ID) og en til indgangen (4) tilkoblet modulator (13), hvor styringskredsen (7)
er udformet til i forbindelse med den reflekterede triggerpuls (10°) ogsa at returnere en ved
hjeelp af modulatoren (13) med identifikatoren (ID) moduleret kendingspuls (17).

10. Sensor ifglge krav 6, yderligere omfattende en hukommelse (12) med en entydig
identifikation (ID), hvor styringskredsen (7) er udformet til i forbindelse med den

reflekterede triggerpuls (10°) ogsa at udsende identifikatoren (ID) til en databus-tilkobling
(9)-

11. Sensor ifglge et af kravene 5 til 10, hvor sensorkredsen (11) er en radar-
sensorkreds.
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