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(54) A METHOD AND SYSTEM FOR STATE OF CHARGE CALIBRATION FOR AN ELECTRICAL 
ENERGY STORAGE SYSTEM

(57) The invention relates to a method for performing
SOC calibration (SOC) for a electrical energy storage
system (2) of an electrified vehicle (1), the method com-
prising: determining (S102) a predicted time duration
needed to complete a SOC calibration, scheduling
(S104) a time slot sufficient for completing the SOC-cal-
ibration according to the predicted time duration, the
scheduled time slot being during a predicted downtime
for the electrified vehicle, wherein when at the scheduled
time slot: discharging (S106) the electrical energy stor-
age system to a steep part (5) of an open circuit voltage
versus SOC curve of the electrical energy storage system
by an on-board discharge circuit within an acceptable
time duration without connecting the electrical energy
storage system to a discharging system external to the
vehicle; once at an open circuit voltage with gradient with
respect to SOC exceeding a threshold indicative of a
steep part of the open circuit voltage versus SOC curve,
measuring (S108) an electrical energy storage system
voltage to re-calibrate the SOC of the electrical energy
storage system.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a method for performing state of charge calibration for an electrical energy
storage system of an electrified vehicle. The present disclosure also relates to a discharge circuit, control unit, and
computer program. Although the method and system will be described in relation to a vehicle in the form of a truck, the
method and system can also be efficiently incorporated in other vehicle types such as busses, lightweight trucks, pas-
senger cars, construction equipment, marine vessels, and industrial equipment, as long as they are at least partly
electrically propelled.

BACKGROUND

[0002] Batteries are becoming a more common source of energy for providing propulsion power to vehicles. Such
batteries are rechargeable batteries and consist of several battery cells that may be connected in series and/or in parallel
forming a complete battery pack for the vehicle.
[0003] In energy management of electric vehicles, the battery state of charge is typically monitored. The state of
charge, SOC, is important to monitor since it provides the driver of an indication of the presently remaining charge in
the battery. However, SOC cannot be directly measured and must therefore be estimated. SOC estimation functions
are relatively complex and expensive to implement and verify. Due to the complex nature of SOC estimations there an
increased risk of errors that may lead to vehicle down time.
[0004] Accurate SOC estimations require a precise SOC calibration and is often performed when the vehicle is resting
or under maintenance in a workshop. For accurate SOC calibration, the battery SOC-open circuit voltage (OCV) char-
acteristics should not be in a flat region of the OCV-SOC curve in which the OCV for a given SOC is not well defined.
Therefore, time consuming conditioning of the battery is often needed to reach a suitable point on the SOC-OCV curve
which leads to further vehicle downtime.
[0005] Accordingly, there is room for improvement with regards to performing SOC calibrations of propulsion batteries
for vehicles.

SUMMARY

[0006] An object of the invention is to provide an improved method and discharge circuit for performing state of charge
calibration for an electrical energy storage system of an electrified vehicle.
[0007] According to a first aspect of the invention, the object is achieved by a method according to claim 1.
[0008] According to the first aspect of the invention, there is provided a method for performing state of charge calibration
for an electrical energy storage system of an electrified vehicle, the method comprising: determining a predicted time
duration needed to complete a SOC calibration, scheduling a time slot sufficient for completing the state of charge
-calibration according to the predicted time duration, wherein when at the scheduled time slot: discharging the electrical
energy storage system to a steep part of an open circuit voltage versus state of charge curve of the electrical energy
storage system by an on-board discharge circuit within an acceptable time duration without connecting the electrical
energy storage system to a discharging system external to the vehicle; and, once at an open circuit voltage with gradient
with respect to state of charge exceeding a threshold indicative of the steep part of the open circuit voltage versus state
of charge curve, measuring an electrical energy storage system voltage to re-calibrate the state of charge of the electrical
energy storage system.
[0009] The method preferably includes an initial step of detecting a state of charge, SOC, estimation issue that indicates
a need for SOC calibration. In other words, detecting the issue triggers the subsequent steps of the method for performing
the SOC calibration. Initiation of the trigger can be reactive or predictive.
[0010] A reactive trigger means that the issue is detected after it has occurred whereby the state of charge calibration
is initiated. A predictive trigger means that the state of charge issue is predicted beforehand so that state of charge
calibration is initiated to prevent the issue from occurring. For example, if the vehicle is continued in operation for a given
additional time duration (e.g., days or weeks), an issue may appear that causes state of charge estimation issues. By
analysing energy consumption historical data for each particular trip under similar kind of operating conditions (ambient
temperature, load, topography, speed etc), it is possible to track how many kilometres range is available, and if any
significant divergence in electric range (kilometres) is detected for a given a trip and SOC swing then this can be used
an initial signature for detecting issue in the SOC estimation. As a further possibility, an SOC swing, e.g. from a first
SOC to a second SOC, may be analysed for a given route and whether the swing diverges over time for the given route.
If large divergences are detected a fault code may be triggered for required maintenance and SOC calibration.
[0011] Further, the trigger of the SOC-calibration may also be manually provided by a user such as a driver or someone
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in a vehicle monitoring centre that may monitor the electrical energy storage system remotely.
[0012] State of charge, SOC, which is mentioned herein is the present level of charge in the electrical energy storage
system compared to its full capacity and may be given as a percentage value.
[0013] By the provision of performing the discharge to a steep part of the OCV-SOC curve by an on-board discharge
circuit there is no need for connecting the electrical energy storage system to external systems for performing SOC-
calibration. In other words, there is no need for a time-consuming visit at a workshop for performing SOC-calibration.
Preferably, the scheduled time slot is during a predicted downtime for the electrified vehicle such as during parking of
a bus or truck in a depot. In this way, by scheduling the time slot for completing the SOC-calibration to be during a time
of a predicted downtime, the vehicle is not subject to unnecessary downtime.
[0014] In other words, by means of embodiments described herein, SOC-calibration may be performed without having
to depend on external systems of the vehicle, during a time slot scheduled so that vehicle downtime for the user is
avoided or at least reduced.
[0015] The electrical energy storage system is discharged to a steep part of the OCV-SOC curve, where accurate
SOC-calibration can be performed. The discharge is performed within the acceptable time period that is sufficiently short
to fit, with a margin, in the predicted time duration, thereby avoiding further unnecessary downtime. The discharge circuit
is powerful enough to perform the discharge within the acceptable time period.
[0016] A predicted time duration needed for performing a SOC calibration may be determined from at least two esti-
mations: time for discharging the electrical energy storage system and time for performing voltage measurement for re-
calibrating the SOC. The scheduled time slot is equal to or longer than the predicted time duration needed for performing
a SOC calibration.
[0017] Firstly, the time required for discharging the electrical energy storage system is the time duration for discharging
the electrical energy storage system to the steep part of the OCV versus SOC curve of the electrical energy storage
system from a present SOC level. More specifically, this may include calculating a dischargeable energy (E), e.g., by
integrating electrical energy storage system OCV curve with respect to SOC, from current SOC to the target lower SOC
also considering internal electrical energy storage system power losses using information regarding internal impedance
of the electrical energy storage system and multiplying with electrical energy storage system capacity Q. More specifically: 

[0018] Where Voc is the Open Circuit Voltage (OCV) curve of the electrical energy storage system, Q is a Coulombic
Capacity Estimate, SoCsteep is the lower limit of a configured SOC window, and SOC (t) is SOC at present time instant ’t’.
[0019] As an alternative implementation, the electrical energy storage system may be charged to a steep part of the
OCV versus SOC curve. In such case it is the time required for charging the electrical energy storage system to a steep
part that is estimated. This implementation requires use of external charger or on-board charger along with an additional
power source. For example, in hybrid vehicles, which cannot be charged externally, a generator driven by combustion
engine can be employed to charge the electrical energy storage system.
[0020] In some possible implementations, a SOC uncertainty may be included in the dischargeable energy calculation.
For example, given a SoC tolerance range, i.e., SoC-σ to SoC+σ, dischargeable energy is calculated at both limits of
the tolerance range resulting in a range of dischargeable energy. More precisely, the dischargeable energy is calculated
considering uncertainty in the initial SoC(t). In this way a range of energy estimates are obtained instead of one single
estimate point. For example, the uncertainty can be included in the calculation as follows: 

[0021] Now using Êmax and Êmin, maximum and minimum limits of discharge time are computable. This information
can be used to determine worst-case and best-case discharge duration. For example, this tolerance information to
indicate range of waiting time instead of giving single deterministic number.
[0022] Further a discharge current/power capability of the discharge circuit may be determined or acquired. Using the
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discharge current/power of the discharge circuit and the required discharge energy needed for reaching the target SOC,
the time duration for the discharge can be calculated.
[0023] In addition, determining the predicted time duration may further comprise including a resting period for the
electrical energy storage system after discharging and the time for performing the voltage measurement for recalibrating
SOC.
[0024] The electrical energy storage system discussed herein may be considered a propulsion battery interpreted as
providing propulsion energy to the vehicle. Thus, the vehicle may be an electrical, hybrid, or plug-in hybrid vehicle
comprising an electrical engine, wherein the battery provides power to the electrical engine for providing propulsion for
the electrical, hybrid, or plug-in hybrid vehicle. The battery may be Li-ion battery comprising multiple cells arranged in
series and in parallel as is known in the art.
[0025] The steep part of the OCV-SOC curve is considered a part where a robust and reliable SOC-calibration reading
can be performed. A steeper part provides a more robust and accurate re-calibration; however it is desirable to not
discharge the battery excessively due to the added time duration but also for not accelerating an ageing rate for the
battery cells. A typical SOC is less than 20% but more typically between 5 and 15% SOC for a LFP (Lithium Iron
Phosphate) battery. Purely as an example, the OCV curve may be considered to be in the steep part when the OCV-
curve gradient is more than about 10mV/%SOC. However, the OCV- curve gradient may be adaptable depending on
the accuracy of the measurement system used. Generally, a lower gradient threshold is possible if the measurement
accuracy is higher. For example, if an absolute maximum measurement inaccuracy less than 1mV then the OCV-curve
gradient threshold may be at 5mV/%SOC.
[0026] Further, the OCV-SOC curve gradient threshold may also be adapted according to specific battery cell chem-
istries.
[0027] According to an example embodiment, the method may further comprise evaluating drive pattern data of the
vehicle and battery usage data of the battery for predicting the time slot using machine learning or model-based methods.
The time slot is predicted for use of the SOC-calibration routine.
[0028] The predicted time slot may be predicted based on historical driving data of the vehicle. From the historical
driving data, it may be possible to find patterns of downtime of the vehicle, for example during night-time or during some
time slots on certain days where the vehicle is not used. This prediction may require data driven algorithms including
machine learning and deep learning algorithms. Further, the predicted downtime may be determined from knowledge
of scheduled events of the user such as travelling where the vehicle is not to be used or other scheduled events where
the vehicle is not used, such as resting time in a depot for buses and trucks. Such scheduled events may be extracted
from cloud-based services including schedule applications of the user via e.g., an electronic calendar or similar.
[0029] Scheduling a time slot sufficient for completing the SOC-calibration may be performed either by a control unit
on-board the vehicle or on a remote server as a cloud-based service, or a combination thereof.
[0030] According to an example embodiment, the scheduled time slot may be further based on at least one of: predicted
downtime of the vehicle, a prior planned time window for cell balancing, and planned workshop visits. During cell balancing,
the battery cells are discharged which provides an advantageous time slot for also performing SOC-recalibration at the
same time. Further, a planned workshop visit is suitable since a vehicle downtime is anyway scheduled.
[0031] The discharge circuit is preferably external to cell balancing discharge circuits that typically are too weak for
the purpose of SOC-recalibration.
[0032] According to an example embodiment, discharging the battery may be performed using a subsystem of the
vehicle as load. For example, an electric machine as a subsystem may be powered on for faster discharging of the
battery. Further, auxiliary loads such as for example thermal management systems for cabin cooling and heating may
also serve as a load for battery discharging.
[0033] According to an example embodiment, the method may comprise discharging the battery to a steep part of an
open circuit voltage versus SOC curve of the battery by an on-board discharge circuit within an acceptable time duration
without connecting the battery to a vehicle traction voltage system.
[0034] According to an example embodiment, discharging the battery may be performed during a cell balancing pro-
cedure for balancing the voltages of the cells of the battery.
[0035] An acceptable time duration may be adapted depending on a specific implementation but is preferably less
than 8 hours. Preferably, the time duration is adapted to not cause any significant loss to the user of the vehicle.
[0036] According to an example embodiment, the step of discharging may comprise applying a discharge power of at
least 200W per battery pack.
[0037] The method may be autonomously initiated by a control unit of the battery system configured to determine the
need for SOC-calibration.
[0038] According to a second aspect of the invention, the object is achieved by a discharge circuit according to claim 10.
[0039] According to the second aspect of the invention, there is provided a discharge circuit for discharging a battery
for enabling SOC calibration for a propulsion battery of an electrified vehicle, the discharge circuit configured to: receive
a signal for initiating a discharge event when at a scheduled time slot sufficient for performing the SOC-calibration
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according to a predicted time duration needed to complete a SOC calibration, the scheduled time slot being during a
predicted downtime for the electrified vehicle, the discharge circuit being configured to discharge the battery to a steep
part of an open circuit voltage versus SOC curve of the battery within an acceptable time duration without connecting
the battery to a system external to the vehicle; and stop the discharge once at an open circuit voltage with a gradient
with respect to SOC that exceeds a threshold gradient indicative of a steep part of the open circuit voltage versus SOC
curve, whereby a SOC-calibration is enabled.
[0040] The discharge circuit may be adapted to apply a discharge power of at least 200W.
[0041] Effects and features of the second aspect of the invention are largely analogous to those described above in
connection with the first aspect.
[0042] According to a third aspect of the invention, there is provided a vehicle comprising the discharge circuit according
to the second aspect.
[0043] According to a fourth aspect of the invention, there is provided a computer program comprising program code
means for performing the steps the first aspect when the program is run on a computer.
[0044] According to a fifth aspect of the invention, there is provided a computer readable medium carrying a computer
program comprising program code means for performing the steps of the first aspect when the program product is run
on a computer.
[0045] According to a sixth aspect of the invention, there is provided control unit controlling a SOC calibration for a
propulsion battery of an electrified vehicle, the control unit being configured to perform the steps of the method according
to the first aspect.
[0046] Effects and features of the third, fourth, fifth, and sixth aspects are largely analogous to those described above
in relation to the first aspect.
[0047] There is also provided a battery management system comprising the discharge circuit according to the second
aspect and a control unit according to the sixth aspect.
[0048] Further features of, and advantages will become apparent when studying the appended claims and the following
description. The skilled person will realize that different features may be combined to create embodiments other than
those described in the following, without departing from the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] With reference to the appended drawings, below follows a more detailed description of embodiments of the
invention cited as examples.
[0050] In the drawings:

Fig. 1 is a vehicle in the form an electrical truck according to example embodiments of the invention;

Fig. 2 is a flow-chart of method steps according to example embodiments of the invention;

Fig. 3 is a block diagram of a system according to example embodiments of the invention; and

Fig. 4 illustrates a conceptual OCV-SOC curve.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

[0051] The present invention will now be described more fully hereinafter with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown. The invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein; rather, these embodiments are
provided for thoroughness and completeness. The skilled person will recognize that many changes and modifications
may be made within the scope of the appended claims.
[0052] Like reference character refer to like elements throughout the description.
[0053] Fig. 1 illustrates a vehicle in the form of an electrical truck 1 comprising a propulsion battery 2 generally
comprising a plurality of series and parallel connected battery cells. The propulsion battery 2 is arranged to provide
power to an electrical engine (not shown) arranged for providing propulsion for the electrical truck 1. The electrical truck
1 further comprises a battery managing system 100 which is configured to monitor battery cell characteristics such as
SOC, battery voltage, and optionally temperature of the battery cells, and to control a SOC calibration for a propulsion
battery 2, as will be discussed further herein. The propulsion battery 2 may be a Li-ion battery comprises multiple cells
electrically connected in series and in parallel.
[0054] Although the vehicle in fig. 1 is depicted as a heavy-duty truck, embodiments of the present disclosure may as
well be implemented in other types of vehicles, such as in busses, lightweight trucks, passenger cars, construction
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equipment, industrial applications, and marine applications including e.g. vessels or ships.
[0055] Fig. 2 is a flow-chart of method steps and fig. 3 is a block diagram of a system 100 of embodiments of the
present invention.
[0056] In step S101, a trigger is received by the control unit 110 for initiating a SOC-calibration. The trigger may be
generated as reactive, predictive, or manual trigger as discussed herein.
[0057] In step S102 of the method, a predicted time duration needed to complete a SOC calibration is determined.
This prediction may be performed by the control unit 110 based on estimations of the present SOC of the battery 2 by
means of voltage measurements performed by voltage sensor 4 configured to measure a present open circuit voltage
of the battery 2.
[0058] The time duration needed for performing a SOC calibration includes a time duration for discharging the battery
2, a resting period, and a time duration for performing voltage measurement for re-calibrating the SOC. The time duration
for discharging the battery to the steep part 5 of the open circuit voltage versus SOC curve 40 of the battery 2, see fig.
4, from a present SOC level is the total discharging time. In other words, the sensor 4 may firstly provide a measurement
result to the control unit 110 for estimating a present SOC of the battery 2. Subsequently, the control unit 110 may
calculate a dischargeable energy (E), e.g., by integrating battery OCV curve with respect to SOC, from the current SOC
to a target lower SOC and multiplying with electrical energy storage system capacity Q as described herein. This
calculation may also include internal battery power losses using predetermined information regarding internal impedance
of the battery 2.
[0059] As is often the case, a SOC uncertainty is often present in such SOC estimations. To account for this, the SOC
uncertainty may be included in the dischargeable energy calculation. For example, given a SoC tolerance range, i.e.,
SoC-σ to SoC+σ, dischargeable energy is calculated at both limits of the tolerance range resulting in a range of dis-
chargeable energy.
[0060] Further a discharge current/power capability of the discharge circuit 10 used for the subsequent discharging
of the battery 2 may be determined or acquired. The discharge current/power capability may be estimated from knowledge
of the circuit design or from prior testing of the discharge circuit. Using the discharge current/power of the discharge
circuit and the required discharge energy needed for reaching the target SOC, the time duration for the discharge can
be calculated by the control unit 110.
[0061] Finally, the predicted time duration includes a resting period for the battery after discharging and the time for
performing the voltage measurement for recalibrating SOC.
[0062] Once the control unit 110 has predicted the time duration in step S102, the method turns to step S104 comprising
scheduling a time slot sufficiently long for completing the SOC-calibration according to the predicted time duration. Thus,
the control unit 110 with knowledge of the time duration required for fully finalizing the SOC-recalibration, is configured
to find a suitable time slot that can fit the required time duration for completing the SOC-calibration.
[0063] The scheduled time slot may for example be during a predicted downtime for the electrified vehicle to ensure
that no additional downtime is needed. The scheduled time slot may also be during a planned time window for cell
balancing or time slots for planned workshop visits.
[0064] The control unit 110 may for example have knowledge of a planned time window for performing a cell balancing
of the battery cells. Data concerning time windows for cell balancing may be available to control unit 110 from the battery
management system 100 having such time windows planned for cell balancing stored in memory or received via the
cloud 17. Further, the scheduled time slot may be during a planned workshop visit of the vehicle. Data concerning
workshop visits may be available through cloud-based services 17 storing information and meeting calls concerning
such coming workshop visits. Further, information concerning predicted downtime for the electrified vehicle may also
be accessible through the cloud 17.
[0065] In some embodiments, the control unit 110 has access to data driven methods such as machine learning or
modelling methods 15. Using these models or methods, the control unit 110 may evaluate drive pattern data of the
vehicle 1 and battery usage data of the battery 2 for predicting the time slot. For example, the model or algorithm may
have been trained on historical drive pattern data that indicates e.g., time, day, durations, of historical or prior driving
sessions using the vehicle. The model or algorithm may also have been trained on battery usage data including time,
day, and durations of discharge peaks and valleys and charging sessions of the battery 2. The model or algorithms may
have been fed with such data and trained using supervised or unsupervised training, or other statistical methods. Based
on subsequently received driving data and battery data, e.g., collected by the sensor 4 or by other drive control systems
or GPS data, the model or algorithm may predict with some confidence that a suitable time slot is present for performing
SOC calibration.
[0066] At this stage, the time slot for performing a SOC calibration is determined, and when at the scheduled time
slot, discharging the battery 2 to a steep part 5 of an open circuit voltage versus SOC curve 40 of the battery 2 by an
on-board discharge circuit 10 in step S106. The discharge circuit 10 is configured to be able to discharge the battery 2
within an acceptable time duration without connecting the battery to a discharging system external to the vehicle 1.
[0067] In alternative implementing, the battery is charged by an charger or generator to an upper steep part 6 of the
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curve 40 at higher OCV than at the flat part 7.
[0068] For a discussion about the steep part of the OCV curve reference is made to fig. 4 illustrating a conceptual
OCV-SOC curve 40. Generally, an OCV-SOC curve 40 can be considered to include a flat part 7 and at least one steep
part 5. In the flat part 7, which is the operation region of the battery 2, a small error in the measured OCV translates to
a larger error in SOC due to the flat nature in the curve. Therefore, a SOC calibration, where a measured OCV is
associated with a SOC for the SOC-recalibration, it is desirable to reach the steep part 5 where a more accurate calibration
can be performed. An upper steep part 6 is also indicated.
[0069] The control unit 110 may monitor the gradient of the OCV-SOC curve for determining when the steep part 5 is
reached. Purely as an example, when the gradient is about 10mV/%SOC or more, the control unit may conclude that
the steep part 5 is reached. However, the OCV-curve gradient may be adaptable depending on the accuracy of the
measurement system used and the cell chemistry, as discussed above. For example, if an absolute maximum meas-
urement inaccuracy less than 1mV then the OCV-curve gradient threshold may be at 5mV/%SoC.
[0070] Returning to figs 2 and 3, discharging is performed using an on-board discharge circuit 10 without using external
discharging system. This means that the SOC-calibration can be performed without visiting a workshop and that it can
be initiated by a battery management system of the vehicle 1, for example including the control unit 110. The SOC-
calibration may also be initiated via a cloud-based service or mobile app. In a further advantageous embodiment,
discharging the battery to a steep part 5 of an open circuit voltage versus SOC curve 40 is performed without connecting
the battery to a vehicle traction voltage system. Thus, the discharging is completely performed by the discharging circuit
10 that may be onboard the vehicle 1 or even enclosed in the battery 2 housing itself.
[0071] In some possible implementations, the discharging the battery is performed also using a subsystem of the
vehicle as load.
[0072] The discharge circuit 10 is configured to receive a signal from the control unit 110 for initiating a discharge
event when at the scheduled time slot sufficient for performing the SOC-calibration according to the predicted time
duration. The signals from the control unit 110 controls the discharge circuit to discharge the battery to the steep part 5
of the OCV-SOC curve 40 within the acceptable time duration without connecting the battery to a system external to the
vehicle.
[0073] A propulsion battery 2 includes multiple battery cells arranged in series and in parallel as is known in the art.
To avoid that some cells are overcharged or over-discharged, it is common practice to with some intervals balance the
SOC of the cells. During such balancing process the cells are often discharged. Thus, since the cells are being discharged
for balancing, it is advantageous to also perform the SOC calibration simultaneously to avoid unnecessary downtime.
According, discharging the battery 2 for SOC calibration is preferably performed during a cell balancing procedure for
balancing the voltages of the cells of the battery 2. For example, the control unit 110 that may be configured to initiate
a cell balancing procedure, may at the same time initiates the SOC-calibration process including discharging the cells.
[0074] Discharging should be performed within the time of the time slot, which should be an acceptable time duration
for discharging. Although the acceptable time duration may vary depending on the specific implementation and use case
at hand, a typical acceptable time duration 8 hours or less.
[0075] Accordingly, the discharge circuit 10 should be configured to discharge the battery 2 to the steep part within
the acceptable time duration. For this, the discharge circuit 10 should be powerful enough. For example, the discharge
circuit 10 may be adapted to apply a discharge power of at least 200W.
[0076] As an example, a battery enclosed discharging circuit may be configured to apply at least a discharge power
Pdischarge given by 

[0077] Where SoCsteep is the lower SoC target value in a steep part 5 of OCV curve 40, such as for example 15% and
8 is the number of hours. This may lead to a discharge power of about 200W per battery for a HEV bus battery system.
[0078] The discharge circuit comprise discharge components like resistors, capacitors, inductors, switching compo-
nents like transistors and/or relays. Further, the discharge circuit may include heat sinks, cooling channels and connectors
for guiding a coolant. In other to monitor various parameters the discharge circuit may include temperature sensors,
coolant flow sensors, pressure sensors, current and voltage sensors. Further, it may include power and temperature
control and supervision provided by the battery management system. The discharge circuit is generally a dc/dc converter
to actuate battery cells i.e., to generate discharge load on battery cells, along with dissipative devices to dissipate
battery’s energy.
[0079] Once at an open circuit voltage with gradient with respect to SOC exceeding a threshold indicative of a steep
part 5 of the open circuit voltage versus SOC curve 40, measuring a propulsion battery voltage using the sensor 4, to
re-calibrate the SOC of the propulsion battery 2 in step S108. At this stage, the control unit 110 stops the discharge
using the discharge circuit 10 to enable a SOC-calibration. For a SOC-calibration the sensor 4 measures an OCV and
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sets a value for the SOC at this OCV.
[0080] More specifically, SOC-calibration is typically done by, once the battery is charged or discharged to a de-
sired/needed SOC- level or cell-voltage level where the OCV-SOC gradient is sufficiently high, firstly resting the battery
for a stipulated diffusion/relaxation time in order to obtain an accurate and stable cell voltage value. Based on this voltage
value, a SOC value is read from predefined OCV look-up tables which provide a relationship between open-circuit-
voltage of battery and its internal SoC level. In some cases, the OCV may also have dependence on temperature and
current direction i.e., two curves: one for charge and one for discharge. In short, for a given voltage measurement value,
a look-up table is for finding the corresponding SoC value set for the calibration. If the exact voltage value is not available
in the table then a linear interpolation between two nearest points may be used.
[0081] Further, an uncertainty in the initial SoC may also be considered while discharging, or charging, as mentioned
above. In short, a "worst case" initial SoC is considered and the discharging the battery is started. During discharge,
coulomb counting is performed while drawing a certain constant power (P) from the battery cells which is known. Since
the discharge power is known or measured the amount of energy (Ebattery) needed to discharge before we reach a certain
SoC level (e.g. SOCsteep) can also be estimated according to the following relationships, with or without uncertainty σ: 

[0082] Note that final time tf will depend on uncertainty level σ.
[0083] The control unit 110 may be configured to autonomously initiate the SOC calibration described herein. Thus,
the control unit 110 of the battery system 100 is configured to determine the need for SOC-calibration of the battery.
The control unit 110 may for example initiate SOC-calibration at given intervals, or the control unit 110 can identify,
initiate, and monitor the need for SOC-calibration by means of continuously monitoring the OCV-SOC curve and asso-
ciated errors, e.g., a too large error may indicate the need for re-calibrating SOC.
[0084] Furthermore, the control unit 110 may be configured to detect a state of charge estimation issue that indicates
a need for SOC calibration. In other words, if the control unit 110 detects the issue it triggers the subsequent steps of
the method for performing the SOC calibration. Initiation of the trigger can be reactive or predictive.
[0085] A reactive trigger means that the issue is detected after it has occurred whereby the state of charge calibration
is initiated. For example, the control unit 110 may receive fault codes indicating an issue.
[0086] A predictive trigger means that the state of charge issue is predicted beforehand so that state of charge calibration
is initiated to prevent the issue from occurring. For example, if the vehicle is continued in operation for a given additional
time duration (e.g., days or weeks), an issue may appear that causes state of charge estimation issues. The control unit
110 may predict such issue based on combinations of measurements performed by the sensors of the battery manage-
ment system, can for example detect the issue using model-based or data-driven diagnosis techniques. For example,
by analysing energy consumption historical data for each particular trip under similar kind of operating conditions (ambient
temperature, load, topography, speed etc), the control unit 110 may track how many kilometres range is available, if any
significant divergence in electric range (kilometres) is detected by the control unit 110 for a given a trip and SoC swing
then this can be used an initial signature for detecting issue in the SoC estimation. As a further possibility, the control
unit 110 may analyse an SoC swing for a given route and determine if the swing diverges over time. If large divergences
are detected a fault code may be triggered for required maintenance and SOC calibration.
[0087] The control unit 110 may also receive a manual trigger for initiating the SOC-calibration. A manual trigger is
provided by a user or vehicle monitoring centre for manually, on demand, initiating SOC-calibration.
[0088] The control unit 110 is either hardwired or wirelessly connected to the sensor 4 or discharge circuit 10 or to a
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memory storing the models or algorithms 15. Further, a wireless communication system of the vehicle 1 is configured
to provide wireless communication with the cloud 17. Wireless communication systems include known protocols of
telecommunications and Wi-Fi means. The models or algorithms 15 may be stored on a memory in the could 17 or on
a local memory of the vehicle 1.
[0089] In some implementations, the discharge circuit may include cooling flanges that may be connected to a battery-
or discharge circuitry encapsulation or housing itself. The cooling system may be driven by a battery pack or battery
system enclosed coolant pump or could be utilizing a surrounding system coolant pump via control by the battery
management system. In hybrid and fuel cell vehicles, the cooling system typically does not need power from HV battery
thereby implying no need to connect the main contactors of HV battery pack to the rest of the vehicle for powering the
cooling system. The discharge circuit may be cooled either by an external vehicle cooling system or an internal battery
cooling system. The external vehicle cooling system does not necessarily need power from the propulsion battery, i.e.,
the battery contactors do not need to be closed, as there is another power source such as e.g., a fuel-cell or 12/24V
battery or generator connected with combustion engine. This reduces complexity of control functionality during the self-
calibration routine presented herein. Including a cooling system reduces the time duration for discharging the battery.
[0090] In a multi battery system, we can also develop more advanced functionality using battery pack or battery system
discharge circuit/equipment that enables us to shuffle energy between batteries instead of discharging. Accordingly,
discharging a battery may mean that the energy is shuffled to another battery of the vehicle.
[0091] There is also provided a method for performing state of charge calibration for an electrical energy storage
system of an electrified vehicle, the method comprising: determining a predicted time duration needed to complete a
state of charge calibration, scheduling a time slot sufficient for completing the state of charge-calibration according to
the predicted time duration, wherein when at the scheduled time slot: charging the electrical energy storage system to
a steep part 6 of an open circuit voltage versus state of charge curve of the electrical energy storage system within an
acceptable time duration; once at an open circuit voltage with gradient with respect to state of charge exceeding a
threshold indicative of a steep part of the open circuit voltage versus state of charge curve, measuring an electrical
energy storage system voltage to re-calibrate the state of charge of the electrical energy storage system.
[0092] A control unit may include a microprocessor, microcontroller, programmable digital signal processor or another
programmable device. Thus, the control unit comprises electronic circuits and connections (not shown) as well as
processing circuitry (not shown) such that the control unit can communicate with different parts of the truck such as the
brakes, suspension, driveline, in particular an electrical engine, an electric machine, a clutch, and a gearbox in order to
at least partly operate the truck. The control unit may comprise modules in either hardware or software, or partially in
hardware or software and communicate using known transmission buses such as CAN-bus and/or wireless communi-
cation capabilities. The processing circuitry may be a general-purpose processor or a specific processor. The control
unit comprises a non-transitory memory for storing computer program code and data upon. Thus, the skilled addressee
realizes that the control unit may be embodied by many different constructions. A non-transitory memory may be provided
as e.g. a hard disk drive (HDD), solid state drive (SDD), USB flash drive, SD card, CD/DVD, and/or as any other storage
medium capable of non-transitory storage of data.
[0093] The control functionality of the present disclosure may be implemented using existing computer processors,
or by a special purpose computer processor for an appropriate system, incorporated for this or another purpose, or by
a hardwire system. Embodiments within the scope of the present disclosure include program products comprising ma-
chine-readable medium for carrying or having machine-executable instructions or data structures stored thereon. Such
machine-readable media can be any available media that can be accessed by a general purpose or special purpose
computer or other machine with a processor. By way of example, such machine-readable media can comprise RAM,
ROM, EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to carry or store desired program code in the form of machine-executable
instructions or data structures, and which can be accessed by a general purpose or special purpose computer or other
machine with a processor. When information is transferred or provided over a network or another communications
connection (either hardwired, wireless, or a combination of hardwired or wireless) to a machine, the machine properly
views the connection as a machine-readable medium. Thus, any such connection is properly termed a machine-readable
medium.
[0094] Combinations of the above are also included within the scope of machine-readable media. Machine-executable
instructions include, for example, instructions and data which cause a general-purpose computer, special purpose
computer, or special purpose processing machines to perform a certain function or group of functions.
[0095] Although the figures may show a sequence the order of the steps may differ from what is depicted. Also, two
or more steps may be performed concurrently or with partial concurrence. Such variation will depend on the software
and hardware systems chosen and on designer choice. All such variations are within the scope of the disclosure. Likewise,
software implementations could be accomplished with standard programming techniques with rule-based logic and other
logic to accomplish the various connection steps, processing steps, comparison steps and decision steps. Additionally,
even though the invention has been described with reference to specific exemplifying embodiments thereof, many
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different alterations, modifications and the like will become apparent for those skilled in the art.
[0096] It is to be understood that the present invention is not limited to the embodiments described above and illustrated
in the drawings; rather, the skilled person will recognize that many changes and modifications may be made within the
scope of the appended claims.

Claims

1. A method for performing state of charge calibration (SOC) for an electrical energy storage system (2) of an electrified
vehicle (1), the method comprising:

determining (S102) a predicted time duration needed to complete a state of charge calibration,
scheduling (S104) a time slot sufficient for completing the state of charge-calibration according to the predicted
time duration, wherein when at the scheduled time slot:

discharging (S106) the electrical energy storage system to a steep part (5) of an open circuit voltage versus
state of charge curve of the electrical energy storage system by an on-board discharge circuit within an
acceptable time duration without connecting the electrical energy storage system to a discharging system
external to the vehicle;
once at an open circuit voltage with gradient with respect to state of charge exceeding a threshold indicative
of a steep part of the open circuit voltage versus state of charge curve, measuring (S108) an electrical
energy storage system voltage to re-calibrate the state of charge of the electrical energy storage system.

2. The method according to claim 1, wherein the scheduled time slot is further based on at least one of: during a
predicted downtime for the electrified vehicle, a prior planned time window for cell balancing, and planned workshop
visits.

3. The method according to any one of claims 1 and 2, wherein discharging the electrical energy storage system is
performed using a subsystem of the vehicle as load.

4. The method according to any one of claims 1 to 3, comprising discharging the electrical energy storage system to
a steep part of an open circuit voltage versus state of charge curve of the electrical energy storage system by an
on-board discharge circuit within an acceptable time duration without connecting the electrical energy storage system
to a vehicle traction voltage system.

5. The method according to any one of the preceding claims, wherein discharging the electrical energy storage system
is performed during a cell balancing procedure for balancing the voltages of the cells of the electrical energy storage
system.

6. The method according to any one of the preceding claims, wherein an acceptable time duration for discharging is
less than 8 hours.

7. The method according to any one of the preceding claims, wherein the step of discharging comprises applying a
discharge power of at least 200W.

8. The method according to any one of the preceding claims, further comprising:
evaluating drive pattern data of the vehicle and electrical energy storage system usage data of the electrical energy
storage system for predicting the time slot using machine learning or modelling methods (15).

9. The method according to any one of the preceding claims, wherein the method is autonomously initiated by a control
unit of the electrical energy storage system configured to determine the need for state of charge-calibration.

10. A discharge circuit (10) for discharging an electrical energy storage system for enabling state of charge calibration
for an electrical energy storage system of an electrified vehicle, the discharge circuit configured to:

receive a signal for initiating a discharge event when at a scheduled time slot sufficient for completing the state
of charge-calibration according to a predicted time duration needed to perform a state of charge calibration, the
discharge circuit being configured to discharge the electrical energy storage system to a steep part of an open
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circuit voltage versus state of charge curve of the electrical energy storage system within an acceptable time
duration without the electrical energy storage system being connected to a system external to the vehicle; and
stop the discharge once at an open circuit voltage with a gradient with respect to state of charge that exceeds
a threshold gradient indicative of a steep part of the open circuit voltage versus state of charge curve, whereby
a state of charge-calibration is enabled.

11. The discharge circuit according to claim 10, adapted to apply a discharge power of at least 200W.

12. A vehicle (1) comprising a discharge circuit according to any one of claims 10 and 11.

13. A computer program comprising program code means for performing the steps of any of claims 1-9 when said
program is run on a computer.

14. A computer readable medium carrying a computer program comprising program code means for performing the
steps of any of claims 1-9 when said program product is run on a computer.

15. A control unit (110) for controlling a state of charge calibration for a electrical energy storage system of an electrified
vehicle, the control unit being configured to perform the steps of the method according to any of claims 1-9.
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