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TRIGGER METHOD TO START AN ACTIVE REGENERATION CYCLE OF A PARTICLE FILTER

IN A VEHICLE

The invention relates to a trigger method to start

an active regeneration cycle of a particle filter (12) in a
vehicle (10), whereas a general drive index (Gl) of the
vehicle (10) is recorded, a current physical condition of
the particle filter (12) is sensed, a current drive pattern
(DP) of the vehicle (10) is sensed and a regeneration
necessity is affirmed or negated based on a map (38)
relating the general drive index (Gl), the physical condi-
tion and the current drive pattern (DP) of the vehicle (10)
to the regeneration necessity.
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Description

[0001] The invention relates to a trigger method with
which an active regeneration cycle of a particle filter
which is arranged in a vehicle can be started.

[0002] Particle filters in vehicles, in particular in vehi-
cles using a combustion engine, are designed to remove
particulate matter (soot) from the exhaust gas of the com-
bustion engine. In particular, such particle filters are used
in diesel combustion engines to filter the exhaust gas of
the diesel engine.

[0003] Unlike a catalytic converter, which is a flow-
through device, a particle filter retains bigger exhaust gas
particles by forcing the gas to flow through the filter. There
are a variety of particulate filter technologies available,
each designed around similar requirements such as fine
filtration, minimum pressure drop, low cost, mass pro-
duction suitability and product durability.

[0004] During use the particle filter gets clogged by the
accumulating soot, such that the particle filter needs re-
generation from time to time. During the so called active
regeneration cycle a certain program is run in a manner
that elevates the exhaust temperature in conjunction with
an extra fuel injection in the exhaust stream gas, such
that fuel is injected to burn off the accumulated soot and
convert it to ash. The fuel can, for example, be injected
into the combustion chambers of the combustion engine
to create hotter than normal exhaust gases by which the
particles in the particle filter are burned off.

[0005] There are situations in which this system does
not always work, in particular in vehicles which are doing
a high proportion of short runs from cold starts. In these
cases instead of burning off the particles, the extra fuel
can instead find its way into the engine’s sump where it
contaminates, for example, the lubrication oil being
present.

[0006] Hence, for the active regeneration cycle to be
effective, the vehicle needs to be in a favorable current
drive pattern, in which the regeneration cycle can be com-
pleted after being started.

[0007] Therefore, the active regeneration cycle of the
particle filter is triggered by various strategies. For a suc-
cessful complete regeneration to happen with little fuel
penalty, it is necessary that the current drive pattern is
aiding the regeneration. For the regeneration to finish,
once started, it is needed a minimum duration to stay in
regeneration mode. During this duration of time, the drive
pattern has to be maintained. This will reduce the fuel
needed to raise and maintain the temperature for regen-
eration.

[0008] Object of the invention is to provide a trigger
method with which a complete active regeneration cycle
can be provided.

[0009] This object is attained by a trigger method with
the feature combination of independent claim 1.

[0010] Advantageous features of the trigger method
are defined in the independent claims.

[0011] A trigger method to start an active regeneration
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cycle of a particle filter arranged in a vehicle comprises
the following steps:

a) recording a general drive index of the vehicle;

b) sensing a current physical condition of the particle
filter;

c) sensing a current drive pattern of the vehicle;

d) affirming or negating a regeneration necessity
based on a map relating the general drive index of
the vehicle, the physical condition of the particle filter
and the current drive pattern of the vehicle to the
regeneration necessity.

[0012] Hence, in the trigger method three different pa-
rameters are used to forecast if a successful complete
regeneration cycle can be carried out. These three pa-
rameters are a general drive index of the vehicle which
indicates in which manner the vehicle is generally driven,
the current physical condition of the particle filter which
indicates if it is already necessary to regenerate the par-
ticle filter, and a current drive pattern of the vehicle which
indicates how the vehicle is driven at the moment.
[0013] The map which relates all three parameters to
the decision if the regeneration of the particle filter is nec-
essary or not, is deposited in advance of carrying out the
trigger method, wherein from the map it can be drawn, if
the overall situation of the vehicle is suitable to carry out
the active regeneration cycle of the particle filter. In a
preferred embodiment of the invention the vehicle in
which the trigger method is carried out is a combustion
engine, in particular a diesel combustion engine, wherein
diesel is used as the combustion fuel.

[0014] Ina preferred embodimentthe regeneration ne-
cessity is affirmed for a first general drive index if both
the physical condition of the particle filter and the current
drive pattern of the vehicle are sensed as being favorable
for the active regeneration. Therefore, in the case a first
general drive index is present in the vehicle, the active
regeneration cycle is only carried out if the physical con-
dition as well as the current drive pattern with which the
vehicle is driven at the moment fulfill the requirement
"favorable for the active regeneration". For a second gen-
eral drive index the regeneration necessity is affirmed if
the current drive pattern of the vehicle is sensed as being
favorable for the regeneration independently of the
sensed physical condition of the particle filter. Therefore,
if the second general drive index of the vehicle is present,
it is not necessary that the physical condition of the par-
ticle filter fulfills the requirement "favorable", but it is only
required that the drive pattern of the vehicle at the mo-
ment is in the favorable state.

[0015] In apreferred embodiment before step a) a first
drive pattern is defined as being favorable for the regen-
eration, and a second drive pattern is defined as being
unfavorable for the regeneration. In particular, the first
drive pattern is a drive pattern with a vehicle velocity of
at least 50 km/h and the second drive pattern is a drive
pattern with a vehicle velocity of less than 50 km/h.
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[0016] The higher the velocity of a vehicle, the higher
is the temperature which is generated in the exhaust gas
of the vehicle and therefore in the area of the particle
filter. It is known that at a higher temperature of the par-
ticle filter a complete burning off of the particles in the
particle filter can be attained which is not the case if the
temperature is too low. Therefore, a drive pattern can
advantageously only be favorable for the regeneration if
the velocity of the vehicle is high enough to attain the
necessary temperature in the particle filter to burn off the
particles. Hence, there is a first drive pattern defined
which corresponds to a sufficient high velocity of the ve-
hicle and is therefore favorable for the regeneration. Ad-
ditionally, a second drive pattern is defined in which the
vehicle does not attain the necessary velocity and there-
fore the second drive pattern is defined as being unfavo-
rable for the regeneration.

[0017] Inapreferred embodimentthe regeneration ne-
cessity is affirmed if the drive pattern is sensed as being
favorable for the regeneration. Hence, the active regen-
eration cycle is preferably carried out if the drive pattern
guarantees a sufficient temperature in the particle filter
such that a successful regeneration cycle can be carried
out.

[0018] Preferably before step a) a soot load of the par-
ticle filter is defined as being the physical condition of the
particle filter to be sensed in step b). The soot load cor-
responds to the portion of a surface of the particle filter
which is clogged by particles such that this portion cannot
be active anymore when filtering the exhaust gas of the
vehicle. It is defined that a soot load of at least 50 % of
the particle filter is defined as being favorable for the re-
generation. ltis preferred if the active regeneration cycle
of the particle filter is only carried out if it is really neces-
sary, as in order to carry out the regeneration cycle ad-
ditional fuel is needed. In order to save fuel and energy,
the regeneration cycle should not be carried outtoo often.
A threshold value from whereon it is okay to carry out the
regeneration cycle is the defined favorable soot load.
[0019] Preferably, the soot load of the particle filter is
sensed by providing a pressure difference sensor in the
particle filter. By monitoring the pressure difference over
the particle filter, the soot load, i.e. the amount of particles
being presentin the particle filter, can preferably be mon-
itored. Alternatively or additionally it is also possible to
monitor the driving behavior of the vehicle and deduce
out of this driving behavior the soot load in the particle
filter.

[0020] In a preferred embodiment a temperature of an
exhaust gas of the vehicle which is filtered by the particle
filter is measured upstream the particle filter. The tem-
perature measurement enables additional monitoring if
at the moment the situation in the vehicle is suitable to
carry out the active regeneration cycle. Even if the drive
pattern is in the favorable condition to carry out the active
regeneration cycle as the vehicle velocity is at least 50
km/h, it is possible that the temperature in the exhaust
gas and therefore in the particle filter is not yet high
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enough to successfully burn off the particles. Therefore,
it is preferred to additionally monitor the temperature of
the exhaust gas.

[0021] In apreferred embodiment the general drive in-
dex of the vehicle is recorded by evaluating a predeter-
mined number of recorded drive styles of successive
drive cycles of the vehicle. By "drive cycle" of the vehicle
an interval between a start of the vehicle and a stop of
the vehicle is to be understood. During this drive cycle a
plurality of drive patterns are present, wherein the vehicle
drives at least 50 km/h or less than 50 km/h. Therefore,
a "drive cycle" is the sum of all first drive patterns and
second drive patterns. In this drive cycle the vehicle is
driven in a drive style which is an average of all drive
patterns being present during this drive cycle. The gen-
eral drive index of the vehicle, i.e. the manner in which
the vehicle is predictably generally driven over a longer
time slot, is an average of a plurality of drive styles. Pref-
erably, at least three drive styles, which happen succes-
sively, are used to record the general drive index of the
vehicle.

[0022] In a preferred embodiment the drive style of a
drive cycle is recorded as being a first drive style, which
is in particular a fast drive style, or as being a second
drive style, which is in particular a slow drive style. For
example, the first drive style is corresponding to a drive
style in the drive cycle where the vehicle is driven mostly
on a highway. In this case, the vehicle mostly has a ve-
locity of more than 50 km/h and mostly drives in the first
drive pattern. But it is also possible that the vehicle is
driven mainly in the city where the vehicle velocity is less
than 50 km/h and where the drive style is therefore a slow
drive style, which is defined as being the second drive
style. When determining if the drive style of a considered
drive cycle is a first drive style or a second drive style the
number of the first drive patterns in the drive cycle and
the number of the second drive patterns in the drive cycle
are counted.

[0023] In case the number of the first drive patterns in
this considered drive cycle predominates, the drive style
is recorded as being the first drive style. In case the
number of the second drive patterns predominates in the
considered drive cycle, the drive style in this drive cycle
is recorded as being the second drive style.

[0024] In a preferred embodiment the time duration of
each counted first and second drive patterns in the drive
cycle is recorded and the number of the first and second
drive patterns in the drive cycle are weighted, if at least
one of the counted first drive patterns in the drive cycle
exceeds a predefined threshold time duration. In case at
least one time in a drive cycle a first drive pattern, i.e. a
velocity of more than 50 km/h, is present for a sufficient
time span, then it can be concluded that in this drive cycle
the active regeneration cycle could have been carried
out successfully. Therefore, there is no need to charac-
terize this considered drive cycle as having a slow drive
style and therefore define it as being a second drive style,
but it is possible to define it as being a first drive style.
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[0025] In a preferred embodiment the predefined
threshold time duration is defined as being a time duration
needed to complete the active regeneration cycle after
the start of the active regeneration cycle, which in par-
ticular is a time duration of at least 10 minutes. If the time
duration of at least one of the first drive patterns in the
drive cycle is exceeding this threshold time duration, the
drive style of the drive cycle is recorded as being the first
drive style.

[0026] In a preferred embodiment a first general drive
index is recorded if at evaluation of the predetermined
number of drive styles the first drive style predominates.
The first general drive index is in particular a fast general
drive index. A second general drive index is recorded if
at evaluation of the predetermined number of drive styles
the second drive style predominates. The second general
drive index is in particular a slow general drive index.
[0027] Therefore, out of the monitoring of all drive pat-
terns being present in a single drive cycle, it can be con-
cluded in which drive style a vehicle was driven during
this drive cycle. If a vehicle is driven generally in a fast
drive style, then it can be concluded that the vehicle will
be generally driven in the fast drive style and the first
general drive index is recorded. If during a plurality of
drive cycles the vehicle is always driven with the second
drive pattern, i.e. a slow drive pattern, itcan be concluded
that also in the future the vehicle will have a higher prob-
ability to be driven with the second drive pattern again.
Therefore, in this case, the general drive index is record-
ed as being the second general drive index.

[0028] Hence, by observing the drive pattern of the ve-
hicle over a number of driving cycles it can be decided
as to when the active regeneration cycle can start.
[0029] Out of the general drive index it can be derived
a probability of the vehicle to meet a favorable condition
to carry out a successful active regeneration cycle.
Therefore, the trigger for starting the active regeneration
cycle is based on the physical condition of the particle
filter, the current drive pattern of the vehicle and the gen-
eral drive index of the vehicle which gives the probability
if a favorable drive pattern of the vehicle to carry out the
active regeneration cycle can be met again in the future.
[0030] Therefore, if the vehicle seldom does a favora-
ble drive pattern and the soot load in the particle filter is
not high, and if the vehicle currently is in a favorable drive
pattern, the active regeneration cycle is triggered to make
use of the seldom favorable drive pattern to reduce the
fuel penalty.

[0031] If the vehicle frequently does a favorable drive
pattern, the active regeneration cycle is only started when
the soot load in the particle filter is high enough. Knowing
that this vehicle has a record of frequenting the favorable
drive pattern the active regeneration cycle will be started
at the next favorable drive pattern after exceeding the
predefined soot load limit.

[0032] In apreferred embodimentif a regeneration ne-
cessity is affirmed in step d) the active regeneration cycle
of the particle filter is started.
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[0033] Preferably the trigger method is carried out in
an electronic control unit of the vehicle.

[0034] In a preferred embodiment, if the regeneration
necessity in step d) is continuously negated and a soot
load of the particle filter is exceeding a predefined thresh-
old value, awarn signal is put out by the electronic control
unit. The predefined threshold value can be a critical val-
ue of the particle filter which, for example, can be a soot
load of 100 %.

[0035] A preferred embodiment of the invention will be
explained in the following with reference to the accom-
panying drawings, wherein

Fig. 1 shows a vehicle comprising a particle filter and
an electronic control unit which triggers an ac-
tive regeneration cycle of the particle filter;

shows a detailed schematic view of the elec-
tronic control unit of fig. 1;

Fig. 2

Fig. 3  shows a flow chart representing the steps car-
ried out to determine if a vehicle is driven in a
first general drive index or in a second general
drive index;

Fig.4 shows a flow chart representing the steps car-
ried out to determine if an active regeneration
cycle should be triggered or not;

Fig. 5 showsadiagramof atemperature of the particle
filter in fig. 1 versus the soot load of the particle
filter, wherein at a certain soot load it is neces-
sary to carry out the active regeneration cycle;
Fig. 6  showsamatrixindicating at which general drive
index and current drive pattern of the vehicle
the active regeneration cycle is unfavorable or
favorable;

Fig. 7  shows diagrams representing the statistic eval-
uation of the general drive index of a first vehi-
cle;

Fig. 8  shows diagrams representing the statistic eval-
uation of the general drive index of a second
vehicle; and

Fig. 9  shows diagrams representing the statistic eval-
uation of the general drive index of a third ve-
hicle.

[0036] Fig. 1 shows a vehicle 10, in particular a car,
which comprises a particle filter 12 being arranged in the
vehicle 10 to filter exhaust gases 14 being a product of
a combustion process of a combustion engine.

[0037] Inthe particlefilter, a pressure difference sensor
16 is arranged which can sense the pressure difference
over the particle filter 12. Additionally, upstream the par-
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ticle filter 12 in an exhaust pipe 18, atemperature sensor
20is arranged to measure the temperature of the exhaust
gas 14 near the particle filter 12. Further, a velocity sensor
22 is provided in the vehicle 10 which can measure the
velocity of the vehicle 10 when in a driving state.
[0038] The pressure difference measured by the pres-
sure difference sensor 16 in the particle filter 12 gives
information about the soot amount, i.e. the amount of
particles which have already been filtered out by the par-
ticle filter 12 and therefore are at the moment clogging
the particle filter 12 such that in this region where the
clogging particles are present the particle filter 12 is not
effective anymore.

[0039] All sensors - pressure difference sensor 16,
temperature sensor 20 and velocity sensor 22 - transmit
the sensed values to an electronic control unit 24 which
is provided in the vehicle 10 to control, regulate and mon-
itor all functions of the vehicle 10, in particular the func-
tions of a combustion engine arranged in the vehicle 10.
[0040] The electronic controlunit24is showningreater
detail in fig. 2. The electronic control unit 24 comprises
a recording device 26 to record values measured by the
different sensors 16, 20, 22 arranged in the vehicle 10.
Therefore, the recording device 26 comprises a velocity
recording element 28, which records the velocity values
sensed by the velocity sensor 22, a temperature record-
ing element 30, which records the temperature of the
exhaust gas 14 sensed by the temperature sensor 20,
and a pressure difference recording element 32, which
records the pressure difference prevailing in the particle
filter 12 measured by the pressure difference sensor 16.
Additionally, in the recording device 26 there is provided
at least one further recording element 34 which records
additional information about for example the driving be-
havior of the vehicle 10.

[0041] Besides the recording device 26 the electronic
control unit 24 comprises a memory device 36 in which
a plurality of control maps are stored, for example a map
38, which relates a general drive index Gl of the vehicle
10, a physical condition of the particle filter 12 and a cur-
rent drive pattern DP of the vehicle 10 to the necessity if
an active regeneration cycle should be carried out.
[0042] Besides the recording device 26 and the mem-
ory device 36 the electronic control unit 24 comprises a
processing device 40 in which at least an index calculator
42 and atrigger calculator 44 are provided. With the index
calculator 42 a general drive index Gl of the vehicle 10
is calculated based on a statistic processing of a plurality
of drive patterns DP of the vehicle 10. The calculated
general drive index Gl is transmitted to an index memory
46 in the memory device 36.

[0043] The values of the velocity in the velocity record-
ing element 28, the pressure difference in the pressure
difference recording element 32 and the general drive
index Gl in the index memory 46 are transmitted to the
trigger calculator 44 together with the map 38, which is
stored in the memory device 36. Based on this data the
trigger calculator 44 carries out a trigger method with
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which it can be decided if an active regeneration cycle
should take place or not. The trigger method will be later
explained in greater detail.

[0044] The trigger calculator 44 transmits the calculat-
ed result to a signal output device 48. This signal output
device 48 can put out a signal to carry out the active
regeneration cycle, in case in the trigger calculator 44
the result is obtained that the active regeneration cycle
should take place. In case the trigger calculator 44 does
not calculate that the active regeneration cycle should
take place for a longer time period in which the particle
filter 12 is clogged to a critical point, the signal output
device 48 can also put out a warn signalin order to induce
manual cleaning of the particle filter 12.

[0045] Fig. 3 shows aflow chartrepresenting the steps
with which in the index calculator 42 it can be decided
with which general drive index Gl the vehicle 10 is nor-
mally driven.

[0046] In afirst step after the start of the method in the
index calculator 42 it is counted during a drive cycle DC,
i.e. during an interval between the start and the stop of
the vehicle 10, how often the vehicle 10 attains a velocity
of at least 50 km/h and how often the vehicle 10 attains
a velocity of less than 50 km/h. A velocity of 50 km/h and
more corresponds to a first drive pattern DP, and a ve-
locity of the vehicle 10 of less than 50 km/h corresponds
to a second drive pattern DP,. At the same time of count-
ing, the time duration t of each drive pattern DP4, DP, is
recorded.

[0047] Therefore, in the second step it is evaluated if
at least one of the first drive patterns DP in the consid-
ered drive cycle DC has a time duration t which is long
enough to carry out a complete active regeneration cycle
of the particle filter 12, for example 10 minutes. If this is
the case, the drive style DS in the considered drive cycle
DC is evaluated as being a fast drive style FDS. If the
time duration of all first drive patterns DP, in the consid-
ered drive cycle DC does not exceed the threshold time
duration to carry out a complete active regeneration cy-
cle, it is determined which of the drive patterns DP or
DP, was predominating in the considered drive cycle DC
based on the counted number of each drive pattern DP.
In case the first drive pattern DP, was predominating,
the drive style DS in the considered drive cycle DC is
evaluated as being a fast drive style FDS, whereas in
case the second drive pattern DP, was predominating in
the considered drive cycle DC, the drive style DS is eval-
uated as being a slow drive style SDS.

[0048] Therefore, for each drive cycle DC the drive
style DS is evaluated. For a predefined number of drive
cycles DC the number of fast drive styles FDS and slow
drive styles SDS is counted in the next step. In a following
step the number of fast drive styles FDS and slow drive
styles SDS are compared and in case the number of fast
drive styles FDS is predominating, it is determined and
recorded that the vehicle 10 is generally driven in the first
general drive index Gly. In case the number of slow drive
styles is predominating, it is determined and recorded
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that the vehicle 10 is generally driven in the second gen-
eral drive index Gl,.

[0049] After the general drive index Gl of the vehicle
10 is calculated in the index calculator 42 according to
the above described method, the general drive index Gl
is stored in the index memory 46.

[0050] When deciding if the active regeneration cycle
of the particle filter 12 should be triggered, the trigger
calculator 44 carries out the trigger method as described
in the following with reference to fig 4.

[0051] After starting the method first, the current ve-
locity of the vehicle 10 and therefore the current drive
pattern DP of the vehicle 10 is measured by the velocity
sensor 22 and fed via the velocity recording element 28
into the trigger calculator 44. In the next step in the trigger
calculator 44 it is decided if the velocity and therefore the
drive pattern DP of the vehicle 10 is favorable to carry
out the active regeneration cycle. A favorable drive pat-
tern DP is a velocity of at least 50 km/h where the tem-
perature is high enough to guarantee an effective active
regeneration cycle. In case it is decided that the current
drive pattern DP is not favorable to carry out the active
regeneration cycle, the value of the pressure difference
measured by the pressure difference sensor 16 is fed to
the trigger calculator 44 via the pressure difference re-
cording element 32 and it is evaluated if the pressure
difference indicates a critical soot value in the particle
filter 12. If the soot value in the particle filter 12 is critical,
but the drive pattern DP of the vehicle 10 is currently not
favorable to carry out the active regeneration cycle, a
warn signal is put out by the signal output device 48 in-
dicating that the particle filter 12 needs cleaning. In case
the soot amount in the particle filter 12 is not critical, the
method returns back to carry out the first step of evalu-
ating the vehicle velocity.

[0052] Ina next step after evaluating that the drive pat-
tern DP is favorable to carry out the active regeneration
cycle the trigger calculator 44 uses information from the
index memory 46 in which general drive index Gl the
vehicle 10 is generally driven. In case the general drive
index Gl of the vehicle 10 is the second general drive
index Gl,, the active regeneration cycle is carried out.
[0053] In case the general drive index Gl of the vehicle
10 is the first general drive index Gly, in a further step it
is evaluated if the pressure difference and therefore the
soot amount in the particle filter 12 is favorable for the
active regeneration cycle. In case the pressure difference
does not indicate a favorable state of the particle filter
12, for example because the particle filter 12 is not
clogged enough, the method returns to the first step of
evaluating the velocity of the vehicle 10. In case the pres-
sure difference indicates a clogging of the particle filter
12 and therefore a high enough soot amount, the active
regeneration cycle is carried out.

[0054] Therefore, when evaluating the general drive
index Gl the drive patterns DP are monitored and the
different drive styles DS are sorted according to the con-
sidered drive cycles DC, whereas the duration of each
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type of drive pattern DP is considered such that more
weightage is given to the first drive pattern DP4 which is
the favorable drive pattern DP to carry out the active re-
generation cycle. At the end of the drive cycle DC the
maximum duration after considering the weightage is
identified and thatdrive style DS is assigned to the current
drive cycle DC. This is stored over a number of drive
cycles DC.

[0055] Out of the general drive index Gl it is possible
to address conditions that normally cause an incomplete
active regeneration cycle. Usually, in frequent short dis-
tance journeys a high soot loading is occurring while at
the same time the regeneration of the particle filter 12
does not take place because the conditions necessary
were not fulfilled. Sometimes frequentinterrupted regen-
erations can happen, i.e. the engine was switched off
during regeneration. This can for example apply to short
journey vehicles 10 which have at least fulfilled the con-
ditions for triggering regeneration.

[0056] In fig. 5 a map 38 is shown which represents a
diagram showing in which situations the active regener-
ation cycle is favorable. In the diagram the temperature
of the particle filter 12 measured by the temperature sen-
sor 20 in the exhaust pipe 18 is plotted against the soot
amount in the particle filter 12. The active regeneration
cycle is usually only favorable if a soot amount of at least
50 % is attained. This criterion holds in particular if the
vehicle 10 is generally driven in the first general drive
index Gl,. But there are also vehicles 10 which are only
seldom driven with the first drive pattern DP; and there-
fore the probability that a favorable drive pattern DP can
be attained is low. Hence, for vehicles 10 with the second
general drive index Gl, itis already favorable to carry out
the active regeneration cycle below the threshold value
of 50 % soot amount as soon as a drive pattern DP is
attained which is favorable to carry out active regenera-
tion.

[0057] Fig. 6 shows a matrix which summarizes the
above criteria. For both general drive indices Gl it is un-
favorable (U) to carry out the active regeneration cycle
if the vehicle 10 is driven in the second drive pattern DP,.
Therefore, if the vehicle 10 is driven in a first drive pattern
DP,, i.e. with at least 50 km/h, it is favorable (F) to carry
out the active regeneration cycle. For the first general
drive index Gly, where it can be expected that the favo-
rable drive pattern DP is attained a plurality of times, ad-
ditionally the map 38 of fig. 5 is regarded. The active
regeneration cycle is only carried out if the soot amount
has attained a favorable (F) value. If the vehicle 10 is
generally driven in the second drive index Gls, the active
regeneration cycle is also carried out if the favorable (F)
soot amount in the particle filter 12 is not yet attained.
[0058] Fig. 7 shows diagrams representing the statistic
evaluation of the general drive index Gl of a first vehicle
10. In diagram a) the velocity v of the vehicle 10 is plotted
against the time t, in diagram b) a current drive pattern
DP of the vehicle 10 is plotted against the time t, in dia-
gram c) the extracted drive style DS is plotted against
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the time t and in diagram d) the recorded general drive
index Gl is plotted against the time t. As can be seen,
the velocity v in each drive cycle DC is lower than 50
km/h. Therefore, the drive pattern DP in each drive cycle
DC is set to "1" = slow drive pattern. As there is no indi-
cation of a fast drive pattern with a velocity of at least 50
km/h, the drive style DS of the first drive cycle DC is set
to slow drive style DS according to for example a city
driver. After the third drive cycle DC the drive style DS
has occurred three times and therefore the general drive
index Gl is the second general drive index Gl, according
to a slow general drive index Gl.

[0059] Fig. 8 shows diagrams according to fig. 7 for a
second vehicle 10 which mostly drives with a vehicle
speed of at least 50 km/h, where the drive pattern DP in
each drive cycle DC is set to "3" = fast drive pattern.
Therefore, after statistically evaluating the drive patterns
DP in the single drive cycles DC this second vehicle 10
is evaluated as being generally driven in the first general
drive index Gly, i.e. a fast general drive index Gl.
[0060] Fig. 9 shows the situation for a third vehicle 10
which is often driven in a slow city drive, but occasionally
goes, for example, to a highway for sufficiently long
enough time to complete an active regeneration cycle.
Therefore, after four drive cycles DC the general drive
index Gl is evaluated as being the first general drive index
Gly.

[0061] The favorable drive pattern DP is the pattern in
which the particle filter 12 inlet temperature is sufficiently
high to start and successfully complete the active regen-
eration cycle with minimal fuel penalty. The regeneration
cycle is governed by the soot load and the inlet temper-
ature of the particle filter 12. If the driver does not drive
so as to have a high particle filter 12 inlet temperature,
then it is better to start the active regeneration cycle at
lower soot loads to avoid overloading and insufficient
heat for successful regeneration.

Claims

1. Trigger method to start an active regeneration cycle
of a particle filter (12) arranged in a vehicle (10), the
method comprising the steps of

a) recording a general drive index (Gl) of the
vehicle (10);

b) sensing a current physical condition of the
particle filter (12);

c) sensing a current drive pattern (DP) of the
vehicle (10);

d) affirming or negating a regeneration necessity
based on a map (38) relating the general drive
index (Gl) of the vehicle (10), the physical con-
dition of the particle filter (12) and the current
drive pattern (DP) of the vehicle (10) to the re-
generation necessity.
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2,

Trigger method according to claim 1,
characterized in that the regeneration necessity is
affirmed for a first general drive index (Gl) if both
the physical condition of the particle filter (12) and
the current drive pattern (DP) of the vehicle (10) are
sensed as being favorable (F) for the active regen-
eration and the regeneration necessity is affirmed
for a second general drive index (Gl,) if the current
drive pattern (DP) of the vehicle (10) is sensed as
being favorable (F) for the regeneration independ-
ently of the sensed physical condition of the particle
filter (12).

Trigger method according to any of the claims 1 or 2,
characterized in that before step a) afirst drive pat-
tern (DP4), in particular a drive pattern (DP) with a
vehicle velocity (v) of at least 50 km/h, is defined as
being favorable (F) for the regeneration, and a sec-
ond drive pattern (DP,), in particular a drive pattern
(DP) with a vehicle velocity (v) of less than 50 km/h,
is defined as being unfavorable (U) for the regener-
ation.

Trigger method according to claim 3,
characterized in that the regeneration necessity is
affirmed if the drive pattern (DP) is sensed as being
favorable (F) for the regeneration.

Trigger method according to any of the claims 1 to 4,
characterized in that before step a) a soot load of
the particle filter (12) is defined as being the physical
condition of the particle filter (12) to be sensed in
step b), wherein a soot load of at least 50% of the
particle filter (12) is defined as being favorable (F)
for the regeneration.

Trigger method according to claim 5,
characterized in that the soot load of the particle
filter (12) is sensed by providing a pressure differ-
ence sensor (16) in the particle filter (12) and/or by
monitoring a driving behavior of the vehicle (10).

Trigger method according to any of the claims 1 to 6,
characterized in that a temperature of an exhaust
gas (14) of the vehicle (10) being filtered by the par-
ticle filter (12) is measured upstream the particle filter
(12).

Trigger method according to any of the claims 1to 7,
characterized in that the general drive index (Gl)
of the vehicle (10) is recorded by evaluating a pre-
determined number of recorded drive styles (DS) of
successive drive cycles (DC) of the vehicle (10), in
particular at least three drive styles (DS), wherein a
drive cycle (DC) of the vehicle (10) is defined as be-
ing an interval between a start of the vehicle (10) and
a stop of the vehicle (10).



10.

1.

12.

13.

14.
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Trigger method according to claim 8 and to claim 3,
characterized in that the drive style (DS) of a drive
cycle (DC) is recorded as being a first drive style
(DS), in particular a fast drive style (FDS), or as being
a second drive style (DS), in particular a slow drive
style (SDS), by counting the number of the first drive
patterns (DP,) inthe drive cycle (DC) and the number
of the second drive patterns (DP») in the drive cycle
(DC), and by recording the drive style (DS) of the
drive cycle (DC)as the first drive style (DS) if the
number of the first drive patterns (DP,) predominates
in the drive cycle (DC) and by recording the drive
style (DS) of the drive cycle (DC) as the second drive
style (DS) if the number of the second drive patterns
(DP,) predominates in the drive cycle (DC).

Trigger method according to claim 9,
characterized in that the time duration (t) of each
counted first and second drive patterns (DP,, DP,)
in the drive cycle (DC) is recorded and that the
number of the first and second drive patterns (DP4,
DP,) in the drive cycle (DC) are weighted if at least
one of the counted first drive patterns (DP,) in the
drive cycle (DC) exceeds a predefined threshold time
duration.

Trigger method according to claim 10,
characterized in that the predefined threshold time
duration is defined as being a time duration (t) need-
ed to complete the active regeneration cycle after
the start of the active regeneration cycle, in particular
at least 10 min, wherein if the time duration (t) of at
least one of the first drive patterns (DP,) in the drive
cycle (DC) is exceeding the threshold time duration,
the drive style (DS) of the drive cycle (DC) is recorded
as being the first drive style (DS).

Trigger method according to any of the claims 9to 11,
characterized in that a first general drive index
(Gly), in particular a fast general drive index, is re-
corded if at evaluation of the predetermined number
of drive styles (DS) the first drive style (DS) predom-
inates, and wherein a second general drive index
(Gly), in particular a slow general drive index, is re-
corded if at evaluation of the predetermined number
of drive styles the second drive style (DS) predomi-
nates.

Trigger method according to any of the claims 1to 12,
characterized in that if a regeneration necessity is
affirmed in step d) the active regeneration cycle of
the particle filter (12) is started.

Trigger method according to any of the claims 1to 13,
characterized in that the trigger method is carried
out in an electronic control unit (24) of the vehicle
(10).
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15. Trigger method according to claim 14,

characterized in that if the regeneration necessity
in step d) is continuously negated and a soot load of
the particle filter (12) is exceeding a predefined
threshold value, in particular a soot load of 100 %,
a warn signal is put out by the electronic control unit
(24).
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