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(57) Abstract: The present invention
relates to a method for identifying
a  malfunctioning fuel injector
(150a, 150b, 150c, 150d, 150,
150f) associated with an individual
cylinder (Ca, Cb, Cc, Cd, Ce, Cf) of
a multicylinder combustion engine
(60).  The method comprises the
step of generating a first data set
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(r(t)) comprising engine-speed values
i (r1-120; 11-r120) corresponding to at
least one cylinder of said engine.
The method also comprises the step
of processing said first data set
(r(t)) so as to generate a second data
set (s(t)) depending upon said first
data set (r(t)). The method further
comprises the steps of processing
said second data set (s(t)) so as to
establish a detection value (d(t)),
and comparing said detection value
(d(t)) with a predetermined threshold
value (K), and identifying at least
one malfunctioning fuel injector
depending upon said comparison,
and weighting of said second data set
by means of a weight vector during
the step of establishing the detection
value.
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Method and computer program product for identifying a malfunctioning

cylinder of a multi-cylinder combustion engine

Technical field

The present invention relates to a method for identifying a malfunctioning fuel
injector of a cylinder of a multi-cylinder combustion engine. The invention also
relates to a computer program product comprising computer program code for
implementing a method according to the invention. The invention also relates to a

computer. The invention further relates to a platform having a computer.

Background of the invention

When a multi-cylinder combustion engine fails to deliver its rated power, this may
be due to the malfunctioning of any of the cylinders of the engine. In the case of a
diesel engine, the malfunctioning of a cylinder may be due to overfuelling caused
by a faulty fuel injector or to excessive fuel pressure within a fuel supply system of

the engine.

US 5095742 discloses a method for diagnosis of faulty ignition in individual
cylinders by calculating power loss. According to the method of US 5095742
accelerations of the engine speed are measured. Subsequently an acceleration value
of a measurement associated with a particular cylinder of the engine is compared
with a median acceleration and the resulting difference is used for a normalized

calculation of power loss.

Today, there exists a need to identify a malfunctioning of a cylinder out of a

plurality of properly functioning cylinders of an engine.



10

15

20

25

30

WO 2008/140403 PCT/SE2008/050519

Summary of the invention

An object of the invention is to provide a new and advantageous manner of
identifying a malfunctioning fuel injector associated with an individual cylinder of a

multicylinder combustion engine.

An object of the invention according to an aspect of the invention is to provide an

improved method for diagnosing a multi-cylinder combustion engine.

According to the invention, these objects are achieved by a method for identifying a
malfunctioning fuel injector associated with an individual cylinder of a
multicylinder combustion engine, comprising the steps of:

-generating a first data set comprising engine-speed values corresponding to at least
one cylinder of said engine;

-processing said first data set so as to generate a second data set depending upon
said first data set;

-processing said second data set so as to establish a detection value;

-comparing said detection value with a predetermined threshold value;

-identifying at least one malfunctioning fuel injector based upon said comparison;
-in which said step of establishing a detection value may involve weighting of said
second data set by means of a weight vector. By this an erroneous detection of a

malfunctioning fuel injector is reduced.

An advantage of the present invention is that the derivative of the engine speed
values does not need to be taken into consideration. This thus means that the torque
of the crank shaft also does not need to be taken into consideration. An advantage is

that the noise reduction is improved.

An advantage of the present invention is also that the number of erroneous

detections is reduced.
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The present invention further provides an improved ability to early detect a
malfunctioning cylinder of a multi-cylinder engine, which is highly desirable, not

least for the operators of the vehicle, such as a driver of a heavy vehicle.

A beneficial contribution of the invention is that a cost effective solution to the
above stated problems is achieved. Existing vehicles may easily be upgraded with

relevant software so as to achieve the positive effects of the present invention.

Yet another beneficial contribution of the invention is that the method for

identifying a malfunctioning cylinder of a multi-cylinder engine is robust.

Yet another beneficial contribution of the invention is that an erroneous detection of

a malfunctioning fuel injector is reduced.

The step of processing said first data set may involve establishing the median value
of a chosen number of said engine-speed values. It is an advantage in comparison to
using the mean value, as false calculations are diminished in this case. Alternatively
other calculation procedures may be used, such as calculating the cylinder wise

mean engine speed by measuring the time from marker #1 to #21.

The weight vector may comprise elements, the sum of which is substantially zero
(0). The advantage with this is that under normal conditions, when the average

engine speed is close to constant, the weighting is close to zero.

The step of establishing said detection value may involve normalizing said detection
value. It should be pointed out that the normalization preferably is performed in

relation to idle engine speed. This makes the algorithm average speed independent.

Said second data set may constitute a set of elements, each element correlates to an

individual cylinder.
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The method may comprise the step of resetting said first data set after each engine
cycle. Advantageously effects from earlier time instants will not affect the

performance.

The method may comprise the step of periodically upgrading the second data set.

The step of identifying at least one malfunctioning fuel injector may be established

in dependence of the upgrade of the second data set.

The step of identifying at least one malfunctioning fuel injector may be established
in dependence of a predetermined validation time. Validation makes detection more

robust to false alarms.

The method may be performed on-line, i.¢. in real time during operation of the
engine. Thus, possible malfunction may be detected at an early stage. This
facilitates for the operator to shut off the injector or attend to the problem by

replacing the malfunctioning fuel injector.

Additional objects, advantages and novel features of the present invention will
become apparent to those skilled in the art from the following details, as well as by
practice of the invention. While the invention is described below, it should be
understood that the invention is not limited to the specific details disclosed. A
person skilled in the art having access to the teachings herein will recognise
additional applications, modifications and embodiments in other fields, which are

within the scope of the invention.
Brief description of the drawings
For a more complete understanding of the present invention and further objects and

advantages thereof, reference is now made to the examples shown in the

accompanying drawings, in which:
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Figure 1a schematically illustrates a fuel injection system for a combustion engine

according to an aspect of the present invention;

Figure 1b schematically illustrates a combustion engine and a control unit according

to an aspect of the present invention;

Figure 2 schematically illustrates a side view of the fuel injection system for a
combustion engine shown in Figure 1 according to an aspect of the present

invention,;

Figure 3a schematically illustrates a graph according to an aspect of the present

invention;

Figure 3b schematically illustrates a graph according to an aspect of the present

invention;

Figure 4 schematically illustrates a flow chart depicting a method for identifying a
malfunctioning cylinder/fuel injector according to an aspect of the present

invention; and

Figure 5 schematically illustrates an electronic control unit according to an aspect of

the invention.

Detailed description of the drawings

With reference to Figure 1a, a sub-system of a platform 10 is shown. The platform
10 is preferably a ground vehicle, such as a truck or lorry. It should be noted that the
platform 10 alternatively can be a water craft or underwater craft, €.g. a ship or

submarine. Alternatively the platform 10 can be a power plant.
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Hereinafter the term “link” refers to a communication link which may be a physical
connector, such as an optoelectronic communication wire, or a non-physical
connector such as a wireless connection, for example a radio or microwave link.
Further, hereinafter the term malfunctioning primarily refers to a too high fuel
injection, i.e. the amount of fuel supplied to the cylinder is considerably higher than
a desired amount. This kind of malfunction may lead to cylinder/engine break-

down.

Fig. 1a shows a fuel injection system for a combustion engine 60 (shown fig. 1b) in
the form of a schematically represented diesel engine having six cylinders. The fuel
injection system and the diesel engine are with advantage fitted to heavy vehicle,
such as truck, lorry or bus, for propelling the vehicle. The fuel injection system is a
so-called Common Rail system and comprises a fuel line for supply of fuel from a
fuel tank 115 to the cylinders of the diesel engine. A fuel pump 116 is arranged in
the fuel line to convey fuel from the fuel tank via a filter 117 to a high-pressure
pump 118. The high pressure pump 118 is adapted to pressurize the fuel so that it
enters at high pressure an accumulator tank 120 which takes the form of a so-called
Common Rail. The high fuel pressure in the accumulator tank 120 constitutes a
power source making it possible for fuel to be injected at high pressure into the
respective cylinders of the diesel engine. The fuel in the accumulator tank 120 is

intended to be distributed to all the cylinders of the combustion engine 60.

To control the injection of fuel, injection means 150a-150f is arranged in each of the
connections between the accumulator tank 120 and the respective cylinders of the
diesel engine. When an injection means is in an open state, it injects fuel at high
pressure into the cylinder concerned. Thus, fuel from the accumulator tank 120 is
injected into the combustion spaces of the respective cylinder by means of the
injection means which is in the form of electronic injectors which injectors can open
and close very quickly. A control unit in the form of an electronic control unit 110
(ECU) is adapted to control the operation of the fuel pump 116, the high pressure
pump 118 and the injection means 150a, 150b, 150c, 150d, 150e, and 150f. A
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pressure sensor 122 is fitted in the accumulator tank 120 to detect the prevailing
pressure therein and to send to the control unit 110 a signal $122 conveying
information about the pressure values detected. On the basis of knowing the
pressure in the accumulator tank, the electronic control unit 110 controls the on-
time or opening times of each individual electronic injector so that the calculated
amount of fuel is supplied with good accuracy to the combustion spaces of the

respective cylinders.

In this description, the term “on-time” refers to the opening time of an injector, i.c.
the duration of the time period during which the injector is kept open in order to
inject fuel into the associated cylinder in connection with a single stroke of the
engine. The quantity of fuel injected into a cylinder in connection with a stroke of
the engine depends on the length of the on-time and the pressure of the fuel supplied

to the injector.

Here, the inventive method is initiated and controlled by means of the electronic
control unit 110. Alternatively, the inventive method is initiated and controlled by
means of an external PC 112. The external computer may be directly connected to
the electronic control unit 110 via a link 114, but may also be indirectly connected
to the electronic control unit 110 in any suitable manner, such as through an internal
vehicle internal network. The communication between the external computer and
the engine control unit may be partly or entirely wireless. The inventive method
could also be initiated and controlled by the electronic control unit 110 itself or by
another electronic control unit comprised in an internal vehicle network, such as an

electronic gear box control unit.

Figure 1b shows the engine having six cylinders, each cylinder Ca, Cb, Ce, Cd, Ce,
and Cf (not shown) being provided with a piston a, b, ¢, d, €, f, respectively. It
should be noted that the invention is applicable to any multicylinder combustion
engine with an arbitrary number of cylinders. The six pistons are attached to a crank

shaft 50. The crank shaft 50 is attached to a fly wheel 70 being arranged to rotate
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with the same speed as the crank shaft 50. A sensor unit 80 is provided at a close
proximity to the fly wheel 70. The sensor unit 70 is arranged to measure engine
speed by detecting time points corresponding to detections of markers equidistantly
provided on the fly wheel 70 as depicted in greater detail below. The sensor unit 80
is arranged for communication with the electronic control unit 110 via a link 81.
The sensor unit 80 is arranged to continuously transmit detected discrete time
points. Alternatively, the sensor unit 80 is arranged to on a regular basis send

signals comprising a plurality of detected discrete time points.

Thus, the electronic control unit is arranged to receive sensed engine data in the
form of e.g. a toothed fly wheel signal (TF-signal). The TF-signal is received on a
data communications port from the engine-speed sensor unit 80 which senses
rotation of the engine’s toothed fly wheel 70. The engine-speed sensor 80 may be
e.g. an inductive type sensor or a Hall-effect sensor. Of course there may be more
than one engine-speed sensor unit and other positions for measuring engine speed,
such as measuring the engine’s camshaft speed and the speed of a generator

connected to the engine..

The electronic control unit 110 is arranged to perform a diagnosis test depending
upon transmitted discrete time points from the sensor unit 80, so as to determine if
one or more injectors associated with a unique cylinder of the engine is

malfunctioning.

Figure 2 schematically illustrates a side view of the fly wheel of the engine. There is
also shown the engine-speed sensor unit 80 arranged for communication with the

clectronic control unit 110 via the link 81.

The flywheel 60 is provided with 60 markers denoted #1, #2, ... , #60, such as teeth
or holes. However, since there are four strokes in an engine cycle two turns of the
flywheel results in each marker being calculated twice and therefore 120 markers

are sensed by the engine-speed sensor unit 80 during an engine cycle. The
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measurements are denoted #1, #2, ... , #120, wherein #1 and #61, #2 and #62 etc.
corresponds to the same marker. The engine-speed sensor unit 80 is arranged to
detect a time point corresponding to a marker passing by a predetermined location,

e.g. a location schematically indicated at marker #60 (and #120).

A person skilled in the art thus realizes that two turns of the flywheel 70 correspond
to one engine cycle, which in turn corresponds to two turns of the crankshaft 50. It
should be noted that the invention is suitable for various types of flywheels having

an arbitrary number of markers.

The electronic control unit 110 is arranged to calculate an engine-speed value ri(t)
corresponding to each of the teeth i of the flywheel 70, wherein i is an integer in the
interval 1-120,. The calculation of the respective engine-speed value is performed
depending upon received time point data, which data is communicated by the

engine-speed sensor unit.

Alternatively, the engine-speed sensor unit 80 is arranged to calculate an engine-
speed value ri(t), wherein i is an integer in the interval 1-120, corresponding to each
of the teeth of the flywheel 70 and to continuously transmit these values to the

electronic control unit 110.

An engine-speed vector r(t) is generated, wherein

r(O={ri(), 12(0), " rizo(®)]"

wherein T is the transpose.

The electronic control unit is further arranged to generate a more dense vector s(t).
The vector s(t) includes median values of predetermined groups of engine-speed

elements of the engine-speed value vector r(t). In this example, a median value of

the first 20 engine-speed elements 1,(t), 1a(t), ", r2(t) is generated, denoted s;(t).



10

15

20

25

WO 2008/140403 PCT/SE2008/050519

10

Similarly, the second element s,(t) consists of a median value of the sensed engine-

speed elements 1;(t), r22(t), ",r40(t), etc.

r(¢) is related to a marker #i, among the 120 markers.

Thus,

s(t)=[s1(t), s2(t), ",86(t)]", wherein
si(ty=median(r; (1), r2(t), ",r20(t))
so(t)=median(ry(t), r2a(t), " ,ra0(t))

se(t)=median(r; o1 (1), T102(t), " I120(1))

Tt should be noted that the engine-speed elements 11(t), r2(t), ", 20(t) corresponds to

sensed measurements of the first cylinder Ca as depicted with reference to Figure
1b.

Alternatively the engine-speed elements corresponding to different cylinders of the
engine may be overlapping. For example, r;(t), (), ", r25(t) may be corresponding
to the first cylinder Ca and (1), 122(t), ", 145(t) may be corresponding to the second
cylinder Cb.

Accordingly, s,(t) corresponds to the median value of the engine-speed elements

121(t), (1), ", 140(t), etc.

Hereby a comparison value d(t) is introduced. The comparison value d(t) is defined

as:

K )s,
d(t) _ ;W(l)sz (t) _ KWTS(t)

5

See ol
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wherein w is a weight vector of the same range as s(t). One way of determining w'
is depicted below with reference to Example 1. K is a predetermined constant value.
According to an embodiment K corresponds to the idle engine speed. For example
the idle engine speed is 500 rpm. By choosing an idle speed of 500 rpm the method
according to the present invention becomes more robust regarding variation of the

engine speed.

d(t) > x, where x is a predetermined numerical value. The value of x may be

preset and stored in a memory of the electronic control unit 110. The value of x can

¢.g. be about 0,01.

It should also be noted that:
-1< x <1, where proper working injectors and cylinders are corresponding to a

value close to 1.

According to a preferred embodiment of the invention the
vector s(t)=[s1(t), sa(t), ",s6(t)]" is shifted every 20" engine-speed value.
Let t,, be the time it takes to collect 20 new speed samples, €.8. { 121, Iz, ",T40}, then

the vector s(t) is shifted as s(t+ ty)=[sa(t+ tao), ..., Se(t+ tao), S1(t+ ta0)]".

Example 1. Determine the weight vector w

The weight vector w is a pre-calculated design parameter, which could be optimized

as stated below.

max min
w=arg " i¢02(s,,(t)—sn(t—i))7w ww<l

meaning that a preferred vector w is determined by maximizing the expression:
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W5, (1)

s

1s maximized

while minimizing the expression:

w's,(t)
ls@] °

cylinder/fuel injector. Thus, the weight vector w is a design parameter which is

where i# j, and where the index i represents the malfunctioning

predetermined by an experimental procedure. The beforehand determined weight

vector w is stored in a memory of the electronic control unit 110.

A vector w determined in this way contribute with the positive advantage that an
easier identification procedure of a malfunctioning cylinder/injector is achieved.
This is clearly shown in the graph depicted with reference to Figure 3. Thus, by
choosing a weight vector w, as depicted in this example, a value difference between
a (highest) value di(t), corresponding to a malfunctioning cylinder/injector, and

another (second highest) value di(t), is increased. It should be noted that i # j and

that index i refers to the malfunctioning fuel injector. Further, the index j refers to

any properly functioning fuel injector.

According to one example of weight parameter w, the sum of the elements of w is
equal to zero (0), which provides the advantage that in a case wherein an average
engine speed signal is constant, i.e. when the engine runs without a malfunctioning
fuel injector, for the respective cylinders the detection signal d(t) will be equal to
zero (0). Also, the boundary condition implying that the weight vector w should

have a norm which is equal to one (1) will be fulfilled.

End of Example 1

Figure 3a is an example graph wherein comparison values d(t) corresponding to the

six cylinders 1, 2,..., 6 is shown. In this particular example there is shown that the
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second cylinder Cb has a highest comparison value d(t). This indicates that the

injector 150b may be injecting an excessive amount of fuel to the second cylinder
Cb.

There is also illustrated that a level difference between the comparison value d(t)
corresponding to the indicated malfunctioning cylinder/fuel injector Cb/150b and a
second highest comparison value, which in this example corresponds to the fourth
cylinder/fuel injector Cd/150d, is L1-L2. The difference between a highest level L1
and a second highest level 1.2 is denoted ¢. Thus, ¢=L1-L2. A suitably chosen

weight vector w contributes to generate a significant difference value ¢, which in

turn facilitates identification of a malfunctioning cylinder/fuel injector.

Figure 3b is an example graph associated with the example illustrated with
reference to Figure 3a. The graph depicts that engine speed is increased during the

power stroke of the second cylinder Cb.

Figure 4 schematically illustrates in greater detail a method for identifying a
malfunctioning fuel injector associated with an individual cylinder of a

multicylinder combustion engine.

The method comprises a first step s410. The step s410 comprises the step of
generating a first data set r(t) comprising engine-speed values r1-r20; r1-r120
corresponding to at least one cylinder of said engine. According to a first
embodiment the engine speed values are generated in real time, sequentially. As an
alternative to generating engine speed values sequentially, engine speed values
corresponding to one cylinder, e.g. 11-15, corresponding to the first cylinder, are
generated substantially at the same time in a batch. After the method step s410 a

subsequent step s415 is performed.

The step s415 comprises the step of processing said first data set. After the step
s415 a subsequent step s420 is performed.
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The step s420 comprises the step of generating a second data set s(t) depending
upon said first data set 1(t). According to an embodiment of the present invention
the processing of the first data set according to step s415 involves the process of
determining the median value of the first data set so as to generate said second data

set. After the step s420 a subsequent step s425 is performed.

The step s425 comprises the step of processing said second data set s(t). After the

method step s425 a subsequent step s430 is performed.

The step s430 comprises the step of establishing a detection value d(t). According to
an embodiment of the present invention the processing of the second data set
according to step s425 involves the process of establishing a detection value. After

the step s430 a subsequent step s435 is performed.

The step s435 comprises the step of comparing said detection value d(t) with a
predetermined threshold value k. According to an embodiment of the present
invention the comparison process involves determining whether the detection value
is greater than or equal to the threshold value. After the step s435 a subsequent step
s440 is performed.

The step s440 comprises the step of identifying at least one malfunctioning fuel
injector depending upon said comparison. If the detection value is greater than the
threshold value one fuel injector is malfunctioning. Which fuel injector is

malfunctioning is determined through the following:

Firstly it is, as depicted above, determined whether the detection value is greater
than the threshold value k. Secondly it is determined which value si(t) is
corresponding to the detection value d(t) being compared with the threshold value x
by identifying the first element in the upgraded vector s(t). The vector s(t) is, as

described above upgraded after each twentieth received engine speed value. Thus, it
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is identified which engine speed values that correlates to the malfunctioning fuel

injector. After the step s440 a subsequent step s445 is performed.

The step s445 comprises the step of storing a result of the identification step
performed with reference to the step s440. The result of the identification step
comprises information about which fuel injector is identified to be malfunctioning,
i.e. having a too long on-time, implying that an excessive amount of fuel is injected.
According to one embodiment the result of the identification step is displayed on a
display such that the information can be provided to an operator. Thereafter the

method ends.

With reference to Figure 5, a diagram of one embodiment of the electronic control
unit 110 is shown. The electronic control unit 110 is also referred to as apparatus.
The apparatus comprises a computer program product in the form of a non-volatile
memory 520, a data processing device 510 and a read/write memory 550. Non-
volatile memory 520 has a first memory portion 530 wherein a computer program,
such as an operating system, is stored for controlling the function of apparatus.
Further, apparatus comprises a bus controller, a serial communication port, I/O-
means, an A/D-converter, a time date entry and transmission unit, an event counter
and an interrupt controller (not shown). Non-volatile memory 520 also has a second

memory portion 540.

A computer program P comprising routines for identifying a malfunctioning
injector/cylinder may be stored in an executable manner or in a compressed state in
computer program products in the form of a separate memory 560 and/or in the
read/write memory 550. The memory 560 is a non-volatile memory, such as a flash

memory, an EPROM, an EEPROM or a ROM.

When it is stated that the data processing device 510 performs a certain function it

should be understood that the data processing device 510 performs a certain part of
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the program which is stored in the separate memory 560, or a certain part of the

program which is stored in the read/write memory 550.

Data processing device 510 may communicate with a data communications port 599
by means of a data bus 515. The non-volatile memory 520 is adapted for
communication with the data processing device 510 via a data bus 512. The
separate memory 560 is adapted for communication with the data processing device
510 via a data bus 511. The read/write memory 550 is adapted for communication

with the data processing device 510 via a data bus 514.

When data is received on the data port 599 from the engine speed sensor unit 80 it is
temporarily stored in the second memory portion 540. When the received input data
has been temporarily stored, the data processing device 510 is set up to perform
execution of code in a manner described above. According to a preferred
embodiment of the invention, data received on the data port 599 comprises time
information associated with the fly wheel 70. This information can be used by the
apparatus so as to identify which cylinder of the engine 60 onboard the platform is

malfunctioning.

Parts of the methods described herein can be performed by apparatus by means of
the data processing device 510 running the program stored in the separate memory
560 or the read/write memory 550. When apparatus runs the program, parts of the

methods described herein are executed.

According to an aspect of the invention the apparatus is arranged to run a computer
program for identifying a malfunctioning fuel injector associated with an individual
cylinder of a multicylinder combustion engine, comprising computer readable
program code means for causing the apparatus, an electronic control unit or another
computer connected to the electronic control unit to perform the steps of:
-generating a first data set r(t) comprising engine-speed values (r1-120; r1-r120)

corresponding to at least one cylinder of said engine;
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-processing said first data set (r(t)) so as to generate a second data set (s(t))
depending upon said first data set (r(t));

-processing said second data set (s(t)) so as to establish a detection value (d(t))
-comparing said detection value (d(t)) with a predetermined threshold value (x);
-identifying at least one malfunctioning fuel injector depending upon said

comparison.

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step
of establishing the median value of a chosen number of said engine-speed values

(r1-r20; r1-r120) during the step of processing said first data set (1(t)).

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step
of weighting of said second data set by means of a weight vector during the step of

establishing a detection value.

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step
of normalizing said detection value during the step of establishing said detection

value.

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step

of resetting said first data set after each engine cycle.
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According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step
of determining the malfunctioning of a fuel injector by identifying a high engine

speed value relative to a desired value.

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step

of periodically upgrading the second data set s(t).

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step
of identifying at least one malfunctioning fuel injector is established in dependence

of the upgrade of s(t).

According to an aspect of the invention the apparatus is arranged to run a computer
program, comprising computer readable means for causing the electronic control
unit or another computer connected to the electronic control unit to perform the step
of identifying at least one malfunctioning fuel injector is established in dependence

of a predetermined validation time.

The foregoing description of the preferred embodiments of the present invention has
been provided for the purposes of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise forms disclosed. Obviously,
many modifications and variations will be apparent to practitioners skilled in the art.
The embodiments were chosen and described in order to best explain the principles
of the invention and its practical applications, thereby enabling others skilled in the
art to understand the invention for various embodiments and with the various

modifications as are suited to the particular use contemplated.
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Claims

1. A method for identifying a malfunctioning fuel injector (150a, 150b, 150c, 150d,
150e, 150f) associated with an individual cylinder (Ca, Cb, Cc, Cd, Ce, Cf) of a

multicylinder combustion engine (60), comprising the steps of:

- generating a first data set (r(t)) comprising engine-speed values (r1-120; r1-r120)
corresponding to at least one cylinder of said engine;

- processing said first data set (r(t)) so as to generate a second data set (s(t))
depending upon said first data set (1(t));

- processing said second data set (s(t)) so as to establish a detection value (d(t));

- comparing said detection value (d(t)) with a predetermined threshold value (k);

- identifying at least one malfunctioning fuel injector depending upon said
comparison;

- in which said step of establishing a detection value involves weighting of said

second data set by means of a weight vector (w).

2. Method according to claim 1 characterized in that the step of processing said
first data set (x(t)) involves establishing the median value of a chosen number of

said engine-speed values (r1-r20; r1-r120).

3. Method according to claim 1 or 2 characterized in that the weight vector

comprises elements, the sum of which is substantially zero (0).

4. Method according to any of claims 1-3 characterized in that the step of

establishing said detection value (d(t)) involves normalizing said detection value.

5. Method according to any of claims 1-4 characterized in that said second data
set (s(t)) constitutes a set of elements (s1-s6), each element correlating to an

individual cylinder.
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6. Method according to any of claims 1-5 characterized by the step of:

- resetting said first data set after each engine cycle.

7. Method according to any of claims 1-6 characterized by the step of:
- periodically upgrading the second data set (s(t)).

8. Method according to claim 7 characterized in that the step of identifying at least
one malfunctioning fuel injector is established in dependence of the upgrade of the

second data set (s(t)).

9. Method according to any of claims 1-8 characterized in that the step of
identifying at least one malfunctioning fuel injector is established in dependence of

a predetermined validation time.

10. Computer program (P) for identifying a malfunctioning fuel injector (150a,
150b, 150c, 150d, 150e, 150f) associated with an individual cylinder (Ca, Cb, Cc,
Cd, Ce, Cf) of a multicylinder combustion engine (60), comprising computer
readable program code means for causing an electronic control unit (110) or another
computer connected to the electronic control unit to perform the steps of:

- generating a first data set (r(t)) comprising engine-speed values (r1-r20; r1-r120)
corresponding to at least one cylinder of said engine;

- processing said first data set (r(t)) so as to generate a second data set (s(t))
depending upon said first data set (x(t));

- processing said second data set (s(t)) so as to establish a detection value (d(1));

- comparing said detection value (d(t)) with a predetermined threshold value (K);

- identifying at least one malfunctioning fuel injector based upon said comparison;
- weighting of said second data set by means of a weight vector during the step of

establishing the detection value.

11. Computer program according to claim 10, comprising computer readable means

for causing the electronic control unit or another computer connected to the
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electronic control unit to perform the step of establishing the median value of a
chosen number of said engine-speed values (r1-r20; r1-r120) during the step of

processing said first data set (r(t)).

12. Computer program according to claim 10 or 11, comprising computer readable
means for causing the electronic control unit or another computer connected to the
electronic control unit to perform the step of normalizing said detection value

during the step of establishing said detection value.

13. Computer program according to any of claims 10-12, comprising computer
readable means for causing the electronic control unit or another computer
connected to the electronic control unit to perform the step of resetting said first

data set after each engine cycle.

14. Computer program according to any of claims 10-13, comprising computer
readable means for causing the electronic control unit or another computer
connected to the electronic control unit to perform the step of determining the
malfunctioning of a fuel injector by identifying a high engine speed value relative to

a desired value.

15. Computer program according to any of claims 10-14, comprising computer
readable means for causing the electronic control unit or another computer
connected to the electronic control unit to perform the step of periodically

upgrading the second data set (s(t)).

16. Computer program according to claim 15, comprising computer readable means
for causing the electronic control unit or another computer connected to the
electronic control unit to perform the step of identifying at least one malfunctioning

fuel injector established in dependence of the upgrade of s(t).
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17. Computer program according to any of claims 10-16, comprising computer
readable means for causing the electronic control unit or another computer
connected to the electronic control unit to perform the step of identifying at least
one malfunctioning fuel injector established in dependence of a predetermined

validation time.

18. Computer program product (550, 560) comprising a computer program (P)
according to any of claims 10-17 and a computer readable medium on which the

computer program is stored.

19. Computer, such as an embedded electronic control unit or a vehicle external
computer comprising a storage means and a computer program according to any of

claims 10-18 stored in the storage means.
20. Platform (10) comprising a computer according to claim 19.
21. Platform according to claim 20 wherein said platform is chosen among a group

comprising vehicle, water craft and underwater craft, such as truck, ship and

submarine respectively, or power plant.
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