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57 ABSTRACT

The invention relates to a method and device for monitoring
brake signals in a vehicle with a gearbox control unit and
engine control unit. An error recognition or a plausibility
control of said brake signals is carried out. Brake light
signals can be received by a gearbox control unit or an
engine control unit. Brake light switch signals can be guided
by a CAN bus. A cable break or defective contacts or a
short-circuit can be considered as errors.
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METHOD AND DEVICE FOR MONITORING
BRAKE SIGNALS IN A VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed under 35 U.S.C. §120 and §365(c)
as a continuation of International Patent Application PCT/
DE2003/002912, filed Sep. 3, 2003, which application is
incorporated herein by reference. This application also
claims priority of German Patent Application 102 40 841.6,
filed Sep. 4, 2002, which application is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a method and a device for
monitoring brake signals in a vehicle having a transmission
control unit and an engine control unit.

Especially in vehicles having an automatic transmission,
a plurality of signals and data for controlling the transmis-
sion and the motor are required. For example, brake signals
are also used to control the vehicle.

BRIEF SUMMARY OF THE INVENTION

The present invention is a method and a device for
monitoring brake signals as mentioned above in order to
further increase the control of a vehicle.

This may be achieved via a method of the invention for
monitoring brake signals in a vehicle having a transmission
control unit and an engine control unit in which a fault
detection and/or a plausibility check of the different brake
signals is carried out. In particular, a method for monitoring
a brake system of a vehicle having a transmission control
unit and an engine control unit is provided where the method
includes the step of monitoring a plurality of brake signals
to detect a brake system fault or a plausibility (probability)
of a brake system fault. Preferably, in the monitoring of the
brake signals, a plurality of signals are received and moni-
tored by the transmission control unit where the signals are
selected from at least a foot brake light signal from a vehicle
network, a brake light signal from the vehicle network, and
a brake light switch signal from the engine control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a table having an overview of the signal
combinations and the signal generations of a method accord-
ing to the invention;

FIG. 2 shows a table having the signals received by the
transmission control unit;

FIGS. 3 and 4 show tables having situations with AND
operators and with OR operators;

FIG. 5 shows a circuit diagram for the evaluation of a
brake signal,

FIG. 6 shows a table having possible faults in the detec-
tion;

FIG. 7 shows circuit faults for the brake switch indicated
in a table;

FIG. 8 shows braking state meters listed in a table;

FIG. 9 shows braking state meters listed in a table;

FIG. 10 shows reactions to different fault types listed in
a table;

FIG. 11 shows risks occurring from undetected faults;

FIG. 12 shows possible consequences resulting from
replacement values;
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2

FIG. 13 shows a strategy for the release of the parking
brake in a fault detection; and

FIG. 14 shows a strategy for the engagement of a forward
gear or of the reverse gear in the event of a fault detection.

DETAILED DESCRIPTION OF THE
INVENTION

In the method according to the invention, in the monitor-
ing operation a foot brake light switch signal and/or a brake
light switch signal may be received by a vehicle network as
brake signals and/or a brake light switch signal from the
engine control unit and transferred from the network to the
transmission control unit. It is also conceivable that other
suitable signals may be used in order to produce or further
improve an evaluation of the brake signals and a determi-
nation of replacement values and/or replacement strategies.

In this way, preferably three different brake signals from
different sources are available for the detection of a brake
actuation. A signal still comes from the footbrake switch and
the other two signals repeat the state of the brake light switch
atthat time. The goal is to validate these three signals against
each other and to generate and use at least two logic operator
signals to be evaluated by the strategy. A correct detection of
the brake signal is crucial for the performance of the
transmission control unit (TCU). The transmission control
unit, as already described above, is able to receive three
brake signals, a brake light switch signal and a brake switch
signal being sent from the engine control unit (PCM) via the
CAN bus so that the brake light signal can be redundantly
monitored.

Preferably, an AND-operator (FootBrakeAND) and an
OR operator (FootBrakeOR) from a foot brake switch and a
brake light may be used as operator signals. If a rapid
reaction to the brake signal that is less critical for the brake
is to be carried out, the FootBrakeOR signal can preferably
be used. In functions in which it must be ensured that the
brake is actuated, the FootBrakeAND signal can preferably
be used.

According to a further development of the invention, the
brake signals for fault detection during and/or after a given
driving cycle are observed or evaluated.

Within the context of an advantageous embodiment of the
invention, it may be provided that the length of a driving
cycle is determined by observing whether a gear is engaged
that is higher than second gear and/or the vehicle speed is
greater than 16 km/h and/or the ignition has been switched
on for at least 2 minutes. However, other definitions are also
conceivable.

According to a further development, a check may pref-
erably be made after a driving cycle has terminated at each
brake signal of whether state “1” and state “0” have been run
through. Independent of whether the contact is normally
open or normally closed, value 1 means that the brake is
actuated, and value 0 means that the brake is not actuated.

In the monitoring of the brake signals, a plurality of brake
state meters, for example, may be used. Possibly, the number
of faults for each brake state meter may be increased if the
brake signal does not reach both braking states during a
driving cycle. During a driving cycle, a signal correlation
between the values of the brake light and the foot brake is
not possible, because, as a result of the structure of the two
brake switches, the intermediate states (StopLight=1 &
FootBrake=0) and (StopLight=0 & FootBrake=1) are plau-
sible.

If the ignition is switched off and the driving cycle has
been run through completely, a check may be made for each
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brake signal of whether both states “1” (brake actuated) and
“0” (brake not actuated) have been run through. In order to
be able to realize this, three braking state meters may
preferably be used. The number of faults in a braking state
meter increases with each driving cycle in which the brake
signal has not reached both braking states. If the braking
state meter adopts the number n, a diagnostic trouble code
(DTC) or the like may be set. The bits for the braking state
are set to “1” if the particular braking state is reached during
the driving cycle.

It must be noted that, if a brake signal has not reached
both braking states, it is not 100% certain that there is a fault,
because the plausible state (StopLight=FootBrake) is kept
during the entire driving cycle. Therefore, the driving cycle
should be completely terminated before an evaluation is
carried out.

It is conceivable that the signal StopLightHw in particular
is seen even after the ignition is switched off. Moreover, it
is possible to perform a fault detection when there are loose
contacts. For example, the state meters may be expanded by
a state change meter that is capable of detecting loose
contacts. This state change meter may be increased by each
state change for each brake signal “0”—*“1” or “1”—“0".

After the ignition is switched off, the state change meter
may adopt higher values than the other meters, that may be
across a loose contact thus causing the fault meter to
increase in number of recorded faults.

Because it is  plausible that the  state
(StopLight=FootBrake) is often reached, it is possible that
one of the two brake light switches is in position (actuated)
“1” multiple times. This makes a loose contact difficult to
detect and it should be carried out very carefully, i.e., only
when there is a great difference between the meters should
an increase of the fault meter be permitted.

Reactions to the different faults are described below. In
this context, preferably four different fault types may be
considered:

A detected fault during the driving cycle;

AC detected CAN fault during the driving cycle;
B detected fault after the driving cycle; and

C detected fault after the driving cycle.

However, other fault types may also be used.

Moreover, reactions to detected faults are described. If
faults A and AC are detected, a diagnostic trouble code
(DTC) may be set immediately. The diagnostic trouble code
for faults B and C are preferably set after the evaluation of
the brake state meter, after the ignition has been switched off
if the fault meter adopts the value n.

Moreover, the measurement or the calculation of the fault
is described. For example, different replacement measure-
ments may be carried out as a function of the particular fault
type. Thus, a fault detection of a signal failure or a signal
plausibility test and a formation of replacement values that
ensure the availability of the vehicle may be produced.
Moreover, additional strategies for canceling the replace-
ment values and measures are proposed.

Moreover, risks are described that occur as a result of
undetected faults if, for example, the combined brake light
signal or foot brake signal is faulty. The signal correlation
process detects faults preferably after the first driving cycle
with a permanently present fault. Consequently, a driving
cycle with an undetected fault may be carried out as the first
driving cycle.

In general, the engagement of the reverse gear without
depressing the brake is considered a high risk. The same
high risk also exists for the change from the neutral state (N)
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to drive mode (D). Therefore, it is proposed that an N-D
mode change is only allowed if the brake is depressed or
operated.

Moreover, substitute strategies are proposed, especially
for the signal FootBrakeAND. This signal may preferably
always adopt the value “0”. First, the release of the parking
lock in a case involving a fault is considered. If the Foot-
BrakeAND signal is always 0, the parking lock is never
released. In order to release it without the vehicle safety
being reduced, different signal combinations are conceivable
for a driver detection.

The engagement of a forward gear or the reverse gear in
a case involving a fault is also considered. If the change from
neutral (N) to drive (D) or to reverse (R) occurs as a function
of the software signal FootBrakeAND, a similar emergency
running strategy is required for the engagement of the gears.

The proposed strategy may also be expanded by the
FootBrake AND signal.

Furthermore, the cancellation of the fault is considered. In
the case of directly detected faults, the diagnostic trouble
code of fault types A and AC are canceled if the signals are
correctly received again.

In the case of indirectly detected faults, it may be pro-
vided that if the number of faults of the braking state meter
for one of the brake signals is not equal to 0, this brake signal
is not considered at the beginning of the next driving cycle.
However, other reactions in the fault detection are also
conceivable.

The resetting of the meter to the value 0 may be different
for fault types B and C. If the meter adopts the value 0, the
signal may be validated and taken into consideration again
for the braking state evaluation.

The fault meter is reset to the value 0 if for fault type B
both states for the brake (“1” and “0”) are run through during
the driving cycle and the unallowed signal and the Foot-
BrakeOR signal adopt the value “1”.

For fault type C, the fault meter may be reset to the value
0 after the ignition is switched off if both states have been
run through for the brake (“1” and “0”).

As soon as the fault meter is reset to the value 0 and the
brake signal is again permitted, the diagnostic trouble code
may be canceled if none of the fault meters adopts the value
n.

The proposed strategy for the evaluation and correlation
of a plurality of brake signals may also be further appropri-
ately modified. In the strategy of the present invention, it is
especially advantageous, in comparison to known proce-
dures, that the possibilities of fault detection, such as in the
event of a cable break, a short circuit with the ground or with
the battery or the like, are substantially improved by the
detection state after a driving cycle. Moreover, the vehicle
safety is substantially improved by the formation of replace-
ment values, especially in the event of significant faults.
Thus, the vehicle is no longer limited in its functions, e.g.,
by a non-safety-critical faulty brake signal. In this way, the
availability of the vehicle is increased without the vehicle
safety being reduced in the process.

Within the context of the method of the present invention,
some braking states of the vehicle may be detected as faulty
while driving, such as in the event of a cable break or the
like. Other braking states may be detected only after termi-
nation of a driving cycle. In order to enable this, a driving
cycle is used in which it is ensured that the brake has been
actuated and also released again. After termination of the
driving cycle, it is possible to check whether all available
brake signals have run through the states “Brake depressed”
and “Brake not depressed” during the driving cycle. If this
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is not the case for a signal, this signal may preferably no
longer be used for the signal evaluation during the next
driving cycle. This can occur until this signal has been
detected as plausible again.

If all brake signals have adopted only one state after the
termination of the driving cycle, preferably the replacement
values for the output signals accordingly may be set imme-
diately. The fault reactions caused by these faults may be
canceled only after termination of a correct driving cycle.

The object of the present invention may also be achieved,
especially for carrying out the proposed method, via a device
for monitoring brake signals in a vehicle having a transmis-
sion control unit and an engine control unit in which a fault
detection and/or a plausibility check of the different brake
signals is provided by the transmission control unit.

Further advantages and advantageous embodiments arise
from the dependent claims and the drawings described
below.

In FIG. 1 a table is depicted having an overview of the
signal combinations and the signal generations of the
method according to the invention, the brake light switch
signal of the engine control unit and of the CAN vehicle
network as well as the brake light and the foot brake being
recorded in different columns. Moreover, the two logic
operator signals FootBrakeOR and FootBrakeAND are
shown. In this context, it must be noted that “0” means that
the brake is not actuated and the “1” means that the brake is
actuated.

The signals received by the transmission control unit are
depicted in FIG. 2 in the form of a table.

In FIGS. 3 and 4, additional tables are shown that indicate
particular situations in which the AND-operator and the
OR-operator are used, the OR-operator being indicated in
FIG. 3 and the AND-operator being indicated in FIG. 4.

For the evaluation of the brake signals, a suitable fault
detection may be used. For this purpose, a circuit diagram is
shown in FIG. 5 in which the brake light signals from the
transmission control unit and the engine control unit
(PCM=Powertrain Control Module) and the foot brake from
the engine control unit (PCM) are shown.

In FIG. 6, a table with possible faults in the detection is
shown. Independent of whether the contact is normally open
or normally closed, value 1 means that the brake is actuated,
and value 0 means that the brake is not actuated. The state
in which the protection is triggered (the same as in Case 1)
if the switch is closed is labeled “*”. “F**” means that a
cable brake is detected if the voltage across terminal PIN52
is between 0.5V and 3.5V. It must be noted that when there
is a cable break, an incorrect state “1” (brake actuated) is
never detected.

It is evident from the table that the cases involving a short
circuit are not directly detectable. Furthermore, Case 2
involves only the case in which StopLightHw=1 and Stop-
LightCAN=0, whereby a diagnostic trouble code (DTC) is
set. Case 3 is detected by the voltage level across terminal
PIN 52. The replacement value for 30 StopLightHw is 0. A
diagnostic trouble code (DTC) is set.

The case that StopLightHw=0 and StopLightCAN=1
without the detection of a cable break (F) is found when
there is a double fault. However, this case is improbable.

The software signal brake light (Stoplight) is obtained via
the OR-operator for the signals StopLightHw and Stop-
LightCAN. What results is:

StopLight=(StopLightHw or StopLightCAN).

This results in the table depicted in FIG. 7 in which
possible circuit faults for the brake switch are indicated.
Therefore, it must be noted that “*” means that if the switch
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is closed, the protection is triggered (the same as in Case 1,F
in FIG. 6). It must also be noted that when there is a cable
break, an incorrect state “0” (brake not actuated) is never
detected.

If the ignition is switched off and the driving cycle has
been run through completely, a check may be made for each
brake signal of whether both states “1” (brake actuated) and
“0” (brake not actuated) have been run through. For this
purpose, three brake state meters may be used, which are
listed in a table in FIG. 8. The number of faults increases
with each driving cycle in which the brake signal did not
reach both braking states. If the meter is equal to n, a
diagnostic trouble code (DTC) is set. The bits for the braking
state are set to “1” if the particular braking state is reached
during the driving cycle.

Moreover, it is possible to perform a fault detection when
there are loose contacts. For example, the state meters may
be expanded by a state change meter that is capable of
detecting loose contacts. This state change meter increases
due to each state change for each brake signal “0”—“1” or
“1”—0”. This is shown in the form of a table in FIG. 9.

In FIG. 10 reactions to the different faults are described in
a table. In this context four fault types may preferably be
considered:

A Detected fault during the driving cycle:

Faults 2 and 3 can be detected directly.

AC Detected CAN fault during the driving cycle:

e.g. CAN ID 360 does not receive any more signals;

the StopLightCAN and FootBrake signals are not present

(see Can fault);
if ID 360 (PCM) is not transmitting, transmission control
unit TCU also is no longer functioning, because the
engine torque signal is also not present.
B Detected fault after the driving cycle:
Evaluation of the braking state meters;
At least one brake signal should have reached both states
0/1).
C Detected fault after the driving cycle:
Evaluation of the braking state meters;
No brake signal reaches both states (0/1).

If faults A and AC are detected, a diagnostic trouble code
(DTC) may be set immediately. The diagnostic trouble code
for faults B and C are preferably set after the evaluation of
the braking state meter, after the ignition has been switched
off, if the fault meter adopts the value n.

Moreover, the measurement or the calculation of the fault
is described. For example, different replacement measure-
ments may be carried out as a function of the particular fault
type, which is evident from the table shown in FIG. 10.

Moreover, it must be noted that “*” denotes that other
measurements are possible instead of or in addition to
FixXe. Furthermore, “**” can denote that n may preferably
adopt values in the range from approximately 3 to 5. Finally,
“#%%> may denote that the fault meter adopts values that are
preferably greater than the value O.

In FIG. 11, risks are described that occur as a result of
undetected faults. The table shown in FIG. 11 shows the
significant risks if the combined brake light signal or foot
brake signal is faulty. The signal correlation process detects
faults only after the first driving cycle with a permanently
present fault. Consequently, a driving cycle with an unde-
tected fault would be carried out as a first driving cycle.

In the table of FIG. 11, a possible engagement of the
reverse gear is denoted by the AND-signal. “**” denotes the
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worst case, in which the vehicle can start off in first gear
without a hand brake. With each sensing point adaptation,
the vehicle begins to move.

In the table of FIG. 12, the consequences resulting from
replacement values are described. The table shows the
critical situations if the replacement values (FootBrake-
AND=0, FootBrakeOR=1) are set incorrectly.

Moreover, substitute strategies are proposed, especially
for the FootBrakeAND signal. This signal may preferably
always adopt the value “0”. First, the release of the parking
lock in a case involving a fault is considered. If the Foot-
BrakeAND signal is always 0, the parking lock is never
released. In order to release the parking brake without the
vehicle safety being reduced, different signal combinations
for a driver detection are conceivable. This is also evident
from the table in FIG. 13:

The engagement of a forward gear or the reverse gear in
a case involving a fault is also considered, and is shown in
FIG. 14. If the change from neutral (N) to drive (D) or to
reverse (R) occurs as a function of the software signal
FootBrakeAND, a similar emergency running (limp-home)
strategy is required for the engagement of the gears.

The table shown in FIG. 14 represents a strategy that
preferably is used when the vehicle is at a standstill. The
strategy may also be expanded by the FootBrakeAND
signal.

What is claimed is:

1. A method for monitoring a brake system of a vehicle
having a transmission control unit and an engine control unit
comprising monitoring a plurality of brake signals to detect
at least one of a brake system fault and a plausibility of a
brake system fault wherein, in the monitoring of the brake
signals, a plurality of signals are received and monitored by
the transmission control unit where the signals are selected
from a foot brake light signal from a vehicle network, a
brake light signal from the vehicle network, and a brake light
switch signal from the engine control unit.

2. The method as described in claim 1, wherein the brake
signals are validated against each other using at least one
logic circuit.

3. The method as described in claim 2, wherein at least
one AND-operator circuit and at least one OR-operator
circuit are used to compare the brake signals to each other.

4. The method as described in claim 1, wherein the brake
signals are monitored during a driving cycle, after the
driving cycle or both during and after the driving cycle.

5. The method as described in claim 4, wherein the length
of the driving cycle is determined by observing at least one
of whether a gear is engaged that is higher than second gear,
the vehicle speed is greater than 16 km/h and the ignition is
switched on for at least 2 minutes.

6. The method as described in claim 4 wherein, after the
driving cycle is terminated, a check is made at each brake
signal of whether a first brake actuated state (state “1”) and
a second brake not actuated state (state “0”) have occurred
during the driving cycle.

7. The method as described in claim 6, wherein, in the
monitoring of the brake signals, at least one braking state
meter is used to detect and record braking states.

8. The method as described in claim 7, wherein a number
of faults recorded for each brake state meter may be
increased if the brake signal does not reach both braking
states “1” and “0” during a driving cycle.

9. The method as described in claim 8, wherein if the
braking state meter records a predetermined number of
faults n, a diagnostic trouble code (DTC) is set by the
transmission control unit.
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10. The method as described in claim 9 wherein the
number of faults recorded by the braking state meter is
increased by at least one for the detection of a loose contact.

11. The method as described in claim 10 wherein different
fault types are taken into consideration.

12. The method as described in claim 11, wherein at least
one of fault types (A), (AC), (B) and (C) are detected where
fault type (A) is detected during a driving cycle, wherein
fault type (AC) is a vehicle network (CAN) fault in the
vehicle network during a driving cycle, fault type (B) is a
fault after a terminated driving cycle in which the braking
state meter is evaluated and at least one brake signal has
reached both braking states “0” and “1”, and fault type (C)
is a fault after a terminated driving cycle in which the
braking state meter is evaluated and no brake signal has
reached both braking states “0” and “1”.

13. The method as described in claim 12, wherein, if fault
types (A) and (AC) are detected, a diagnostic fault code
(DTC) is immediately set.

14. The method as described in claim 13, wherein the
diagnostic trouble code (DTC) for directly detected fault
types (A) and (AC) is canceled if the brake signals are
correctly received with respect to a subsequent driving
cycle.

15. The method as described in claim 12, wherein, if fault
types (B) and (C) are detected, a diagnostic trouble code
(DTC) is set only after the evaluation of the braking state
meter after the ignition is switched off if the fault meter
adopts the value n.

16. The method as described in claim 15, wherein, fault
reactions caused by errors are canceled only after conclusion
of a correct driving cycle.

17. The method as described in claim 15, wherein, when
fault types are indirectly determined, a corresponding brake
signal is not considered at the beginning of the next driving
cycle if the fault meter of the braking state meter does not
adopt the value 0.

18. The method as described in claim 15, wherein reset-
ting of the braking state meter to the value O is different for
the fault types (B) and (C), the signal being validated and
reconsidered for the braking state evaluation if the braking
state meter adopts the value 0.

19. The method as described in claim 18, wherein the
braking state meter is reset to the value O if for fault type (B)
both states “0” and “1” have been reached during the driving
cycle.

20. The method as described in claim 18, wherein, when
there is a fault type (C), the braking state meter is reset to 0
after the ignition is switched off if both states “1” and “0”
have been reached during the driving cycle.

21. The method as described in claim 11, wherein differ-
ent replacement values are used as a function of the par-
ticular fault type.

22. The method as described in claim 21, wherein, if all
brake signals after the termination of the driving cycle have
adopted only one state, replacement values are set accord-
ingly.

23. The method of claim 1, wherein a fault detection
and/or a plausibility check of the different brake signals is
provided by the transmission control unit.

24. An apparatus for monitoring a brake system of a
vehicle having a transmission control unit and an engine
control unit, brake operation signals and circuitry for moni-
toring a plurality of brake signals to detect a brake system
fault or a plausibility of a brake system fault wherein, the
transmission control unit contains circuits for receiving a
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plurality of brake signals and monitoring them and a foot 25. The apparatus as described in claim 24, wherein at
brake switch and a foot brake light signaling apparatus are least one logic circuit is provided within the transmission
provided for providing signals to the transmission control control unit for validating the brake signals against each

unit through a vehicle network, and for providing a brake other.
light switch signal to the transmission control unit through 5
the engine control unit. LI B



