2013/051996 A1 I 000 AP0 0 0O OO0 00

S
=

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

11 April 2013 (11.04.2013)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2013/051996 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

74

31

International Patent Classification:
GO1F 23/00 (2006.01) GO1F 25/00 (2006.01)

International Application Number:
PCT/SE2012/051053

International Filing Date:
3 October 2012 (03.10.2012)

Filing Language: Swedish
Publication Language: English
Priority Data:

1150917-1 5 October 2011 (05.10.2011) SE

Applicant (for all designated States except US): SCANIA
CV AB [SE/SE]; S-151 87 Sidertilje (SE).

Inventor; and
Applicant (for US only): STENLAAS, Ola [SE/SE];
Myntstigen 7, S-151 48 Sédertélje (SE).

Agent: GARDEMARK, Niklas; Scania CV AB, S-151 87
Sadertilje (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: LEVEL MEASUREMENT SYSTEM AND METHOD IN A LEVEL MEASUREMENT SYSTEM

Cc1

El

c2

B

C3

B

Cn

Eﬂ

L1 L2

L3

Ln

u1

6 u2
- : ;
« Un
Lr Lz L3 l Ln’
FIG. 3

(57) Abstract: A level measurement system (2) for a vehicle, adapted to determining the liquid level in at least one of a plurality of
containers (C1, C2,...,Cn) containing liquids, each container being provided with at least one level sensor which delivers a level sig-
nal representing levels measured in the container. The level measurement system (2) comprises a calculation unit (4) adapted to re-
ceiving at least two level signals (L1, L2,...,.Ln) from level signals (S1, S2,...,Sn) situated in different containers. The calculation unit
(4) is adapted to receiving at least two consumption signals (U1, U2,...,Un) conveying information related to the consumption of li-
quid from the containers for which said level signals are received. The calculation unit (4) is further adapted to determining the
vehicle's slope and generating therefrom a slope signal (6), on the basis of said at least two level signals (L1, L2,... Ln) and associ -
ated consumption signals (U1, U2,...,Un), and to determining at least one adjusted level signal (L:T, L2',...,.Ln") based on said slope
signal (6) and said level signals (L1, L2,...,.Ln).
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Level measurement system and method in a level measurement system.

Field of the invention

The present invention relates to a level measurement system and a method in a level

measurement system according to the preambles of the independent claims.

Background to the invention

Vehicles such as buses, trucks, cars etc. are provided with a plurality of containers which
contain liquids and which are connected to various systems on board the vehicle. They
may for example contain fuel (diesel fuel, petrol), reducing agent (urea), oil or washer
liquid.

The means currently used to monitor the level of liquid in the containers is a level sensor
situated in each container.

It is generally the case that a given liquid volume in a container will give different level
indications depending on the vehicle’s slope and acceleration, as illustrated schematically
in Figures 1 and 2 depicting three different containers (C1, C2, C3) in horizontal positions
(Figure 1) and with the vehicle sloping (Figure 2).

These containers are thus equipped with level sensors which measure the level in the
respective containers. These levels are designated L1, L2 and L3 for the three containers
(see Figure 1). When the vehicle is sloping, the sensors measure the levels as L1i, L2i and

L31 in the respective containers, as illustrated in Figure 2.

Moreover, the various containers for the liquids which are to be covered by level
measurement (e.g. fuel, urea, oil and washer liquid) often differ in shape, which means
that the level signals will react differently to changes in the vehicle’s slope (compare again

the containers in Figure 1 and Figure 2).

US patent 4676102 describes a container (e.g. for fuel or gearbox oil) surrounded by an
outer casing, with an intermediate space between the tank and the outer casing. The

intermediate space contains a fixed amount of liquid used as a reference level when the
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liquid level in the actual tank is to be determined. Such a solution certainly caters for the
slope of the container when the liquid level is to be determined, but the disadvantage is
that it is difficult to implement for existing systems, since it involves placing an outer

casing round an existing container, which is technically complicated and also expensive.
The object of the present invention is to propose improved measurement of liquid levels in
containers whereby the slope of the containers is also taken into account and no expensive

reconstruction is required, since existing systems can be used.

Summary of the invention

The above objects are achieved with the invention defined by the independent claims.

Preferred embodiments are defined by the dependent claims.

The invention thus uses information about the liquid level in at least two different
containers and the consumption from them to determine the slope of the vehicle. On the
basis of the slope it is then possible to calculate adjusted level signals which take the slope
into account and indicate a correct level for the liquid, i.e. the level at which it would have
been if the vehicle was standing on a level surface. Knowing the correct level and the

shape of the container makes it possible to calculate the volume of the liquid.

The present invention results in more reliable detection of liquid levels in vehicles

whereby any slope of the vehicle is also taken into account.

Brief description of drawings

Figure 1 comprises cross-sections of three containers holding liquids in a horizontal state.
Figure 2 depicts the containers in Figure 1 when sloping.
Figure 3 is a block diagram schematically illustrating the present invention.

Figure 4 is a flowchart illustrating the present invention.

Detailed description of preferred embodiments of the invention
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The level measurement system 2 according to the present invention will now be described
with reference to the schematic block diagram in Figure 3. The invention thus relates to a
level measurement system 2 for a vehicle which is adapted to determining the liquid level
in at least one of a plurality of containers (C1, C2,...,Cn) containing liquids, e.g. fuel
(diesel fuel, petrol), oil or reducing agent. The vehicle may for example be a truck, a bus
or a car but the invention is also applicable to watercraft and generally to movable objects

provided with containers for liquids.

The level measurement system 2 comprises a calculation unit 4 adapted to receiving at
least two level signals (L1, L2,...,.Ln) from level sensors (S1, S2,...,Sn) situated in different
containers each provided with at least one level sensor which delivers level signals
representing measured levels in the container.

The calculation unit is adapted to receiving at least two consumption signals (U1,
U2,...,Un) conveying information related to the consumption of liquid from the containers
for which said level signals are received. The calculation unit is adapted to determining
the vehicle’s slope, to generating a slope signal 6 based on the at least two level signals
(L1, L2,...,.Ln) and associated consumption signals (U1, U2,...,Un) and to determining on
the basis of the slope signal and said level sensors (L1, L2,...,Ln) at least one adjusted

level signal (L1°, L2’,...,.Ln’).

In one embodiment the calculation unit is adapted to receiving at least three level signals
(L1, L2, L3) representing the level in at least three containers (C1, C2, C3) and to
receiving at least three consumption signals (U1, U2, U3) associated with the level signals.
The calculation unit is adapted to determining on the basis of the at least three level
signals and associated consumption signals the vehicle’s slope in three dimensions and to

generating therefrom the slope signal 6.

In one embodiment the calculation unit comprises a memory unit 8 adapted to storing for
each of the containers level data which relate to one or more of

- the level sensor’s position in the container relative to the rotational centre of the
container,

- information about the change in the liquid level at a given consumption,
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- predicted changes in the liquid level over time.

In cases where the level sensor is not situated at the container’s rotational centre it is
necessary to take into account the horizontal distance, arrived at when the container is not
sloping, between the level sensor and a vertical line through the container’s rotational
centre.

In the unusual cases where the level sensor is situated at the container’s rotational centre,
the level sensor would produce the same output signal irrespective of the container’s

slope.

Information about how the liquid level changes at a given consumption is important in

particular where the container is of irregular shape, e.g. container C3 in figures 1 and 2.

Knowing the predicted consumption of a liquid is particularly important in the case of

liquids with very low consumption, e.g. oil.

The calculation unit is preferably adapted to comparing level signals picked up from the
same container at at least two different times (t1, t2), in which case the associated
consumption signal will convey information about the consumption of liquid from the

container between said times t1 and t2.

The invention comprises also a method in a level measurement system for a vehicle which
is adapted to determining the liquid level in at least one of a plurality of containers which

contain liquids. The method is illustrated schematically by the flowchart in Figure 4.

The method comprises the steps of

- recelving in a calculation unit at least two level signals from level sensors situated in
different containers each provided with at least one level sensor which delivers said level
signals representing measured levels in the container,

- receiving in said calculation unit at least two consumption signals conveying information
related to the consumption of liquid from at least two containers for which said level

signals are received,
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- determining the vehicle’s slope and generating therefrom a slope signal on the basis of
said at least two level signals and associated consumption signals,
- determining on the basis of said slope signal and said level signals an adjusted level

signal for at least one of said containers.

In one embodiment the invention comprises the steps of

- receiving in said calculation unit at least three level signals representing the level in at

least three containers,

- receiving in said calculation unit at least three consumption signals associated with the
level signals,

- determining on the basis of said at least three level signals and associated consumption

signals the vehicle’s slope in three dimensions and generating therefrom said slope signal.

As discussed above, the calculation unit comprises a memory unit adapted to storing for
each of the containers level data which represent the level sensor’s position in the
container relative to the container’s rotational centre, information about the change in the

liquid level at a given consumption, and predicted changes in the liquid level over time.

The calculation unit is further adapted to comparing level signals picked up from the same
container at different times (t1, t2) and to calculating the difference between them to serve
as a measure of consumption.

The associated consumption signal conveys information about the consumption of liquid

from the container between said times t1 and t2.

We now go on to describe an example of an application of the invention.

Let us assume that we have three containers C1, C2 and C3. Container C1 contains diesel
fuel, C2 contains motor oil and C3 contains reducing agent, e.g. AdBlue®. At least one
level sensor (S1, S2, S3) is situated in each container. These sensors deliver level signals
(L1, L2, L3) which convey information about the liquid level in the respective containers.
The level signals from the sensors at a given time t1 are designated L1t1, L2t1 and L3t1

respectively.



10

15

20

25

30

WO 2013/051996 PCT/SE2012/051053

6

The level signals picked up at a later time t2 are designated L1t2, L.2t2 and L3t2

respectively.

The consumption signals which convey information about the consumption, or predicted

consumption, of liquid from the respective containers between times t1 and t2 are

designated U1, U2 and U3.

In situations where the vehicle is on level ground, i.e. with no slope, the change in the
level in container C1 will be that expected with regard to consumption of diesel fuel. The
level of the motor oil in C2 will probably be unchanged, since it changes very little, and
the change in the level of the reducing agent in C3 depends on the consumption, which is

known.

When the vehicle is sloping, the level in container C1 will not correspond to that expected.
In this case a change in the level in C2 may be relevant. The fact that the predicted
consumption of motor oil is very small makes it possible to calculate the slope of the
vehicle by simple trigonometry based on the known position of the level sensor in C2.
The slope calculated on the basis of the information from C1 and C2 gives the slope in
two dimensions.

To arrive at a value for the slope in three dimensions it is necessary to use also values
from C3, assuming that the level sensors in C1, C2 and C3 are not in line with one

another.

If for example the locations of the level sensors in C1, C2 and C3 are at the corners of an
equilateral triangle, the result is a precise measurement of the vehicle’s slope in three
dimensions. When the slope of the vehicle has been arrived at, an adjusted level signal
may be calculated which indicates the correct level, making it possible to calculate a

correct volume for the liquid in the container.

The present invention is not restricted to the preferred embodiments described above.

Sundry alternatives, modifications and equivalents may be used. The above embodiments
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are therefore not to be regarded as limiting the invention’s protective scope which is

defined by the attached claims.
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Claims

1. A level measurement system (2) for a vehicle, adapted to determining the
liquid level in at least one of a plurality of containers (C1, C2,...,Cn) containing liquids,
each container being provided with at least one level sensor which delivers a level signal
representing levels measured in the container, which level measurement system (2)
comprises a calculation unit (4) adapted to receiving at least two level signals (L1,
L2,...,Ln) from level sensors (S1, S2,...,Sn) situated in different containers,
characterised inthatthe calculation unit (4) is adapted to receiving at least
two consumption signals (U1, U2,...,Un) conveying information related to the
consumption of liquid from the containers for which said level signals are received, to
determining the vehicle’s slope and generating therefrom a slope signal (6), on the basis of
said at least two level signals (L1, L2,... Ln) and associated consumption signals (U1,
U2,...,Un), and to determining at least one adjusted level signal (L1, L2’,...,Ln’) based on
said slope signal (6) and said level signals (L1, L2,...,Ln).

2. The level measurement system according to claim 1, in which the calculation
unit is adapted to receiving at least three level signals (L1, L2, L3) representing the level
in at least three containers (C1, C2, C3), to receiving at least three consumption signals
(U1, U2, U3) associated with these level signals, to determining on the basis of said at
least three level signals and associated consumption signals the vehicle’s slope in three

dimensions and to generating therefrom said slope signal (6).

3. The level measurement system according to claim 1 or 2, in which the
calculation unit (4) comprises a memory unit (8) adapted to storing for each of the
containers level data which relate to one or more from among the level sensor’s position in
the container relative to the container’s rotational centre, information about the change in
the liquid level at a given consumption, and predicted changes in the liquid level over

time.

4. The level measurement system according to any one of claims 1-3, in which
the calculation unit (4) is adapted to comparing level signals picked up from the same

container at at least two different times (t1, t2), and the associated consumption signal
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conveys information about the consumption of liquid from the container between said

times t1 and t2.

5. A method in a level measurement system for a vehicle, adapted to
determining the liquid level in at least one of a plurality of containers which contain
liquids, each container being provided with at least one level sensor which delivers a level
signal representing levels measured in the container, which method comprises the steps of:
- receiving in a calculation unit at least two level signals from level sensors situated in
different containers,

- receiving in said calculation unit at least two consumption signals conveying information
related to the consumption of liquid from at least two containers for which said level
signals are received,

- determining the vehicle’s slope and generating therefrom a slope signal, on the basis of
said at least two level signals and associated consumption signals,

- determining on the basis of said slope signal and said level signals an adjusted level

signal for at least one of said containers.

6. The method according to claim 5, further comprising the steps of

- receiving in said calculation unit at least three level signals representing the level in at
least three containers,

- receiving in said calculation unit at least three consumption signals associated with these
level signals,

- determining on the basis of said at least three level signals and associated consumption

signals the vehicle’s slope in three dimensions and generating therefrom said slope signal.

7. The method according to claim 5 or 6, in which the calculation unit
comprises a memory unit adapted to storing for each of the containers level data which
represent the level sensor’s position in the container relative to the container’s rotational
centre, information about the change in the liquid level at a given consumption, and

predicted changes in the liquid level over time.
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8. The method according to any one of claims 1-7, in which the calculation unit
is adapted to comparing level signals picked up from the same container at different times
(t1, t2), and the associated consumption signal conveys information about the

consumption of liquid from the container between said times t1 and t2.
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