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(54) Electronic throttle control system

(57) An electronic throttle control system is de-
scribed where a throttle position sensor has multiple
slopes depending on the operating region. At low throttle
positions, a greater slope, and thus a greater sensitivity
is provided, thereby increasing control resolution. At
greater throttle positions, a lower slope, and thus lower

sensitivity is provided. In this way, an output signal that
varies across the entire operating region of the throttle
is provided for monitoring and control, while improved
performance at low throttle angles can be simultaneous-
ly achieved. A method for learning a transition region is
also described.
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Description

[0001] The field of the invention relates to electroni-
cally controlled throttle units in vehicles having a drive
unit.
[0002] In some engines, an electronically controlled
throttle is used for improved performance. In such sys-
tems, position of the throttle is controlled via closed loop
feedback control. Typically, to provide redundancy mul-
tiple throttle position sensors are provided.
[0003] One method to provide two throttle position
sensors uses sensors of different gradients, each linear
over the entire operating range, another uses gradients
of opposite sign. Still other methods use saturating sen-
sors. These methods are described U.S. Patents
5,136,880; 5,260,877; and 4,693,111, respectively.
[0004] The inventors herein have recognised some
disadvantages of the above approaches. In particular,
when a high resolution saturating sensor and a low res-
olution sensor are used together, there is a saturated
region where the saturating sensor provides less infor-
mation than the unsaturated region. Alternatively, when
different gradients are used, each linear over the entire
region, the analogue to digital converters are over-spec-
ified and under-utilised to accommodate the low resolu-
tion sensor. Another disadvantage with prior approach-
es is that multiple tracks, interconnections between the
tracks, and wiper arms may be required to provide mul-
tiple outputs having different characteristics.
[0005] An approach to solve the above prior art dis-
advantages would be to have a sensor with two output
signals. The first output signal would be linear over the
entire operating region. The second output signal would
have two segments, each of said segments having a dif-
ferent resistivity. The second output would therefor have
two segments, each with a different gradient, and having
a point of non-linearity.
[0006] Having a sensor with two operating regions
gives that opportunity to obtain high resolution at low
throttle angles, and thereby have better airflow control,
as well as obtain information throughout the operating
range without over-specifying and under-utilising A/D
converters.
[0007] However, the inventors herein have recog-
nised a disadvantage with such a sensor. In particular,
the output having two segments may have variation due
to manufacturing. As such, the point of non-linearity may
have increased error. Such error may cause degraded
control.
[0008] An object of the present invention is to provide
electronic throttle control system and sensor.
[0009] The above object is achieved and disadvan-
tages of prior approaches overcome by a method for an
electronically controlled throttle including first and sec-
ond position sensors, the second position sensor having
a first characteristic in a first operating range and a sec-
ond characteristic in a second operating range, compris-
ing: reading a first output of the first sensor; reading a

second output of the second sensor; and learning a tran-
sition region between the first operating range and the
second operating range based on said first output and
said second output.
[0010] By learning a transition region between the first
operating range and the second operating, it is possible
to learn any point of non-linearity and provide compen-
sation to minimise errors.
[0011] An advantage of the above aspect of the in-
vention is the potential for improved steady state accu-
racy.
[0012] An advantage of the above aspect of the in-
vention is the potential for improved monitoring accura-
cy.
[0013] The object and advantages of the invention
claimed herein will be more readily understood by read-
ing an example of an embodiment in which the invention
is used to advantage with reference to the following
drawings wherein:

Figure 1 is a block diagram of a vehicle illustrating
various components related to the present inven-
tion;
Figure 2a is a schematic diagram of the position
sensor;
Figures 2b,4 are graphs showing output character-
istics of the sensor;
Figures 3,5, and 6 are block diagrams of embodi-
ments in which the invention is used to advantage.

[0014] Internal combustion engine 10, comprising a
plurality of cylinders, is controlled by electronic engine
controller 12. Engine 10 can be a port fuel injected en-
gine, a directed injected engine, a gasoline engine, a
diesel engine, or any other type of engine utilising re-
dundant position sensors. Engine 10 is coupled to intake
20 and exhaust 22. A throttle 24 is positioned in intake
20. Position sensor 30, described later herein with par-
ticular reference to Figure 2, is coupled to throttle 24.
[0015] Controller 12 is shown in Figure 1 as a conven-
tional microcomputer including: microprocessor unit
102, input/output ports 104, an electronic storage medi-
um for executable programs and calibration values
shown as read only memory chip 106 in this particular
example, random access memory 108, keep alive mem-
ory 110, and a conventional data bus. Controller 12 is
shown receiving various signals from sensors 40 cou-
pled to engine 10, in addition to signals from position
sensor 30. Controller 12 is also shown sending various
signals to actuators 44 coupled to engine 10. Addition-
ally, an electric motor 46 is coupled to throttle 24 and
receives a control signal from controller 12 to control po-
sition of throttle 44, as well as engine torque, or vehicle
acceleration.
[0016] Referring now to Figure 2, and in particular to
Figure 2a, position sensor 30 is shown. In this particular
depiction, position sensor 30 is shown as an unrolled
version of a rotary (angular) sensor. Those skilled in the
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art will recognise, in view of this disclosure, that the
present invention is applicable to angular position sen-
sors for measuring angular deflection as will as dis-
placement position sensors for measuring deflection in
a uniform direction, i.e., along a line.
[0017] Sensor 30 has substrate 200 which supports
tracks 210 and 212. First track 210 and second track
212 are tracks of resistive material that are used to pro-
duce two potentiometer signals (S1, S2). Additional
tracks can be placed on substrate 200 without departing
from the present invention. Second track 212 has two
contiguous segments, first segment 220 and a second
segment 222. Track 212 is produced by applying the first
track segment of a first resistivity on the substrate, and
applying, contiguous to said first track segment, a sec-
ond track segment having a second resistivity on the
substrate. Conductive path 214 supplies a grounded, or
low voltage signal to first segment 220 of track 212. Con-
ductive path 214 also supplies a grounded, or low volt-
age signal, to an opposite end of track 210 as that of
track 212. Conductive path 226 supplies a supply volt-
age signal to second segment 222 of track 212, as well
as, to an opposite end of track 210 as that of track 212.
Wipers 228 and 230 provide signals S1 and S2 to con-
ductive paths 232 and 234 respectively. First and sec-
ond segment of track 212 have different material prop-
erties. In particular, they provide different resistivities. In
the embodiment depicted in Figure 2a, the different re-
sistivities are provided by different track widths. Those
skilled in the art will recognise, in view of this disclosure,
various other methods of having two segments, each
with different resistivities.
[0018] Referring now to Figure 2b, a graph showing
the output voltage characteristics of sensor 30 are
shown versus wiper position. θk identifies the point
where the two segments of track 212 transition. This re-
gion may be a sharp point, as illustrated in Figure 2b, or
might have some curvature, and thus there would be a
transition region, the size of which depends on the man-
ufacturing process chosen to produce the two seg-
ments.
[0019] Continuing with Figure 2b, opposite polarity of
signals S1 and S2 is obtained by conductive paths 214
and 226 being connected to opposite ends of tracks 212
and 210. Similarly, the two linear segments of signal S2,
each having a different slope, are obtained by having
two segments (220, 222) of track 212, each having a
different resistivity. Lines 240 and 242 represent the
closed stop and open stop of throttle 24.
[0020] Referring now to Figure 3, a routine is shown
for determining whether output signals S1 and S2 of
sensor 30 are in agreement. First, in step 310, first throt-
tle position (θ1) is determined based on signal S1 and
the characteristics, or resistance, of track 210. In partic-
ular, as described later herein, first throttle position is
determined based on a slope and offset of signal S1.
Next, in step 312, second throttle position (θ2) is meas-
ured and determined based on signal S2. In particular,

the characteristics of track 212 are used. As described
later herein, when measured voltage signal (S1) is less
than a predetermined value, a first slope and first offset
are used to convert signal S2 to θ2. When the voltage is
greater than said level, a second slope and offset are
used to convert signal S2 to θ2. Next, in step 314, a dif-
ference (e) is determined between first throttle position
and second throttle position. In step 316, a determina-
tion is made as to whether first throttle position is less
than a predetermined value D1. In other words, a deter-
mination is made in step 316 as to whether the throttle
is operating in the region of the first segment of track
212 or in the region of the second segment of track 212.
When the answer to step 316 is YES, a determination
is made in step 318 as to whether the absolute value of
the difference between the first and second throttle po-
sitions is greater than the threshold value E1. Other-
wise, when the answer to step 316 is NO, a determina-
tion is made as to whether the absolute value of the dif-
ference is greater than threshold value E2. According to
the present invention, different threshold levels are used
depending on whether the throttle is operating in the first
segment or second segment of track 212. In other
words, since the signals have different sensitivity and
resolution, different threshold values are used to ac-
count for this. In this way, it is possible to obtain higher
sensitivity to disagreement in regions of low throttle po-
sition where a small change in throttle position produces
a large change in engine torque, and lesser resolution
in regions a large change of throttle position produces
only a small change in engine torque. When the answer
to either step 318 or 320 is YES, disagreement is indi-
cated in step 322.
[0021] Referring now to Figure 4, a detailed graph
showing the output characteristics of sensor 30 is
shown. In particular, slope m1 and offset o1 are shown
for the first segment of track 212, second slope m2 and
second offset o2 are shown for the second segment of
track 212. Also, slope , and offset , are shown for
track 210. Three regions (circled 1, 2, and 3) are shown
on the left-hand side of Figure 4. Region 2 represents
the region of the transition between the first and second
segments of track 212. Voltage levels VL1 and VL2 de-
fine region 2. Voltage levels VL1 and VL2 are predeter-
mined values that represent physically determined limits
due to manufacturing tolerance between which the tran-
sition resides. In addition, vertical dash lines show the
close stop and open stop positions.
[0022] The following equations show how signals S1
and S2 are converted to throttle positions using the
slopes and offsets.

For signal S1,

For signal S2 in the lower region,

m o

θ1 = S1-o
m

-------------
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For signal S2 in the upper region,

[0023] Referring now to Figure 5, a routine is de-
scribed for learning the region of the transition between
first and second segments of track 212. First, in step
510, a determination is made as to whether first signal
S1 is varying. In other words, when learning both a slope
and an offset from the given information, improved ac-
curacy can be obtained if what is known as "persistence
of excitation" to those skilled in the art is present. If only
the offset is learned of signal S2 in the upper region,
step 510 can be deleted. When the answer to step 510
is YES, the routine continues to step 512 and calculates
the current measurement at step i of first and second
throttle positions (θi

1,θi
2). Next, in step 514, the current

value of the error signal (eri) is calculated based on the
measured throttle position as shown:

[0024] Next, in step 516, a determination is made as
to whether first voltage signal S1 is less than voltage
limit VL1. When the answer to step 516 is YES, the rou-
tine continues to step 518 where the routine updates first
slope and first offset (m1, o1). The following equations
describe the updating of learning of the slope and the
offset of the first segment of track 212:

[0025] In a preferred embodiment, functions f,g rep-
resent a recursive least squares algorithm. However,
those skilled in the art will recognise, in view of this dis-
closure, that various other algorithms can be used drive
error signal (er) to zero or to a minimum by adjusting the
slopes and offsets. For example, a learning algorithm of
the type described in U.S. Patent 5,464,000, could be
adapted to co-operate with the present invention.
[0026] Otherwise, when the answer to step 516 is NO,
a determination is made in step 520 as to whether first
voltage signal S1 is greater than voltage limit 2. When
the answer to step 520 is YES, the routine updates or
learns the second slope and offset (m2, o2), in step 522:

θ2 =
S2-o1

m1
---------------

θ2 =
S2-o2

m2
---------------

eri =θ1
i - θ2

i

mi
1
+1

= f(eri, m1
i , o1

i , θ1
i )

oi
1
+1

= g(eri,m1
i ,o1

i ,θ1
i )

From either step 518 or 522, the routine continues to
step 524 and updates transition voltage Vk. Transition
voltage Vk is calculated according to the following equa-
tion:

[0027] Thus, according to the present invention, it is
possible to learn the region of the transition based on
measurements of the first and second sensor. In this
way, it is possible to use signal S2 for feedback control
with high accuracy, despite the presence of the transi-
tion as described in Figure 6.
[0028] Referring now to Figure 6, a routine is de-
scribed for controlling throttle 24. First, in step 606, a
check for in-range signal readings is made. Then, in step
608, a determination is made as to whether both signals
S1 and S2 are in-range. When the answer to step 608
is YES, the routine continues to step 610. Otherwise,
the routine continues to step 609, where the throttle is
controlled based on whichever signal is in-range. Next,
in step 610, a check is made as to whether in-range dis-
agreement is indicated in step 322. When agreement is
indicated in step 610, the routine continues to step 611
where a determination is made as to whether signal S2
is less that voltage Vk minus tolerance amount (γ). When
the answer to step 611 is YES, the routine continues to
step 612 and controls throttle position based on first
throttle position (θ1) which is based on signal S1. When
the answer to step 612 is NO, the routine continues to
step 613 and controls throttle position based on second
throttle position (θ2) which is based on signal S2. In this
way, increased control resolution can be obtained by us-
ing the sensor with the greater absolute value of gradi-
ent. In an alternative embodiment, the downward slop-
ing signal can be used, regardless of the determination
in step 611, as the default to provide closed loop feed-
back control of throttle position.
[0029] When the answer to step 610 is NO, the routine
continues to step 614, where a determination is made
as to whether signal S2 is greater than learned voltage
(Vk) plus a small tolerance value (δ). In particular, in step
610, when sensors 1 and When the answer to step 614
is YES, it is determined that the throttle is operating in
the first segment of track 212, and in step 616, second
throttle position is calculated from first slope and first
offset (m1,o1). Otherwise, when the answer to step 614
is NO, it is determined that the throttle is operating in
the second segment of track 212 and second throttle
position is calculated from the second slope and second

mi
2
+1

= f(eri,m2
i ,o2

i ,θ1
i )

oi+1
2 = g(eri,m2

i ,o2
i ,θ1

i )

Vk = m1

o2 - o1

m1 - m2
--------------------- + o1
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offset (m2, o2). Then, in step 620, throttle position is
controlled based on the greater of first throttle position
and second throttle positions. In this way, a conservative
approach is taken in that the greater of the throttle po-
sitions is selected so that feedback control will always
tend to close the throttle in the event that one of the sen-
sors indicates an incorrect value.
[0030] Because measured throttle position from ei-
ther track 210 or 212 can be used for feedback control,
it is important to know the region of the transition of track
212. In particular, since a system gain is changing, it is
important that the correct slope and offset are used. This
is also why a positive tolerance is used in step 614 so
that the system errs on selecting the greater slope. In
other words, if assumed sensor slope and actual sensor
slope differ, then the actual system gain will be different
than the actual. As described, the present invention se-
lects a positive tolerance, thereby providing a conserv-
ative approach since the lower region of throttle position
slope is greater than the upper region of throttle position
slope. In other words, a tolerance range is given where
the greater slope is selected, thereby giving lower sys-
tem gain in the transition region, which is conservative.
[0031] In an alternative embodiment, only offset o2 is
learned. In particular, due to the manufacturing process,
the location of the transition will mostly affect offset o2.
Thus, this parameter alone can be learned and used in
the present invention.
[0032] Although several examples of embodiments
which practice the invention have been described here-
in, there are numerous other examples which could also
be described. The invention is therefore to be defined
only in accordance with the following claims.

Claims

1. A method for an electronically controlled throttle in-
cluding first and second position sensors, the sec-
ond position sensor having a first characteristic in
a first operating range and a second characteristic
in a second operating range, comprising:

reading a first output of the first sensor;
reading a second output of the second sensor;
and
learning a transition region between the first op-
erating range and the second operating range
based on said first output and said second out-
put.

2. The method recited in Claim 1 wherein the charac-
teristic is a sensor slope between output voltage
and angular position.

3. The method recited in Claim 1 further comprising
determining whether the throttle is operating in the
first operating range based on said learned transi-

tion region.

4. The method recited in Claim 1 further comprising
determining whether the throttle is operating in the
second operating range based on said learned tran-
sition region.

5. The method recited in Claim 3 further comprising
calculating a measured throttle position from said
second sensor based on a first characteristic in re-
sponse to said determination.

6. The method recited in Claim 4 further comprising
calculating a measured throttle position from said
second sensor based on a second characteristic in
response to said determination.

7. The method recited in Claim 1 further comprising:

determining whether the throttle is operating in
the first operating range based on said learned
transition region;
determining whether the throttle is operating in
the second operating range based on said
learned transition region;
calculating a measured throttle position from
said second sensor based on a first character-
istic when operating in the first operating range;
calculating said measured throttle position from
said second sensor based on a second char-
acteristic when operating in the second operat-
ing range; and
controlling the throttle based on said measured
throttle position.

8. The method recited in Claim 1 wherein said step of
learning said transition region further comprises the
steps of:

learning an offset of said second sensor in the
second operating region; and
calculating said transition region based on said
learned offset.

9. The method recited in Claim 8 wherein said learning
further comprises learning said offset of said sec-
ond sensor in the second operating region based
on the first sensor output.

10. The method recited in Claim 1 wherein said step of
learning said transition region further comprises the
steps of:

learning a first slope and a first offset of said
second sensor in the first operating region
based on the first sensor output;
learning a second slope and a second offset of
said second sensor in the second operating re-

7 8
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gion based on the first sensor; and
calculating said transition region based on said
learned first slope, said learned first offset, said
learned second slope, and said learned second
offset.

11. The method recited in Claim 1 wherein said transi-
tion region is a transition point.

12. A method for an electronically controlled throttle in-
cluding first and second position sensors, the sec-
ond position sensor having a first characteristic in
a first operating range and a second characteristic
in a second operating range, comprising:

reading a first output of the first sensor;
reading a second output of the second sensor,
wherein the second position sensor has a sub-
strate and a track on said substrate, wherein
said track has a first resistivity in the first oper-
ating range and a second resistivity in the sec-
ond operating range to produce said second
output;
learning a transition region between the first op-
erating range and the second operating range
based on said first output and said second out-
put.

13. The method recited in Claim 12 wherein said tran-
sition region is where resistivity of said second sen-
sor changes.

14. The method recited in Claim 13 wherein said step
of learning said transition region further comprises
the steps of:

learning a second offset of said second sensor
in the second operating region based on the
first sensor; and
calculating said transition region based on a
first slope of said second sensor in the first op-
erating region, a second slope of said second
sensor in the second operating region, a first
offset of said second sensor in the first operat-
ing region, and said learned second offset.

15. The method recited in Claim 13 wherein said step
of learning said transition region further comprises
the steps of:

learning a second offset of said second sensor
in the second operating region based on the
first sensor; and
calculating said transition region based on said
learned second offset.

16. The method recited in Claim 12 further comprising:

determining whether the throttle is operating in
the first operating range based on said learned
transition region;
determining whether the throttle is operating in
the second operating range based on said
learned transition region;
calculating a measured throttle position from
said second sensor based on a first character-
istic when operating in the first operating range;
calculating said measured throttle position from
said second sensor based on a second char-
acteristic when operating in the second operat-
ing range; and
controlling the throttle based on said measured
throttle position.

17. A method for an electronically controlled throttle in-
cluding first and second position sensors, the sec-
ond position sensor having a first characteristic in
a first operating range and a second characteristic
in a second operating range, comprising:

reading a first output of the first sensor;
reading a second output of the second sensor;
calculating a first actual throttle position based
on said first output;
calculating a second actual throttle position
based on said second output and the first char-
acteristic when said second output is greater
than a predetermined value; and
calculating said second actual throttle position
based on said second output and the second
characteristic when said second output is less
than said predetermined value.

18. The method recited in Claim 17 wherein said pre-
determined value is greater than a learned transi-
tion region between the first operating range and
the second operating range.

19. The method recited in Claim 17 wherein said pre-
determined value is greater than a transition region
between the first operating range and the second
operating range.

20. A method for an electronically controlled throttle in-
cluding first and second position sensors, the sec-
ond position sensor having a first characteristic in
a first operating range and a second characteristic
in a second operating range, comprising:

reading a first output of the first sensor;
reading a second output of the second sensor;
learning said second characteristic of the sec-
ond position sensor based on said first output
and said second output.

21. The method recited in Claim 17 wherein said sec-

9 10
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ond characteristic is a linear relationship between
position and voltage, wherein said learning further
comprises learning an offset of said linear relation-
ship.

11 12
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