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Description

FIELD

[0001] The present disclosure relates generally to ve-
hicle diagnostics, and more particularly to devices and
methods for determining a vehicle alternator condition.

BACKGROUND

[0002] Most vehicles nowadays are powered by inter-
nal combustion engines in which a fuel mixture is ignited
thus generating mechanical power, which is in turn con-
verted to rotational motion of the vehicle’s wheels. Motor
vehicles need electricity to operate. For example, electric
energy is needed to power lights, gauges, an air condi-
tioning system, an entertainment system, and other elec-
trically powered components ("electrical components")
of the vehicle. For gasoline engines, electric energy is
also needed to power the spark plugs which ignite the
fuel mixture. Accordingly, vehicles are equipped with bat-
teries for providing electric energy to power the electrical
components. A vehicle battery will lose its charge if it is
the sole source of electric energy in the vehicle. Accord-
ingly, vehicles are equipped with electric generators,
which convert the mechanical energy produced by the
internal combustion engine to electric energy and use
that electric energy to charge the vehicle battery. An ex-
ample of an approach for predicting an alternator failure
in a motor vehicle is presented in document
US2019385386 A1.

SUMMARY

[0003] In one aspect of the present disclosure, there
is provided a method by a telematics device for predicting
an alternator failure in a motor vehicle. The method com-
prises entering into a sleep mode then performing a plu-
rality of micro wakeups during the sleep mode, capturing
a first plurality of voltage values corresponding to the
plurality of micro wakeups, and waking up from the sleep
mode and checking for an ignition signal. If the ignition
signal is detected, the method further comprises deter-
mining a maximum cranking voltage and a maximum
cranking voltage timestamp from the first plurality of volt-
age values, capturing a second plurality of voltage val-
ues, determining a maximum device voltage and a max-
imum device voltage timestamp from the second plurality
of voltage values, and determining a potential alternator
undercharging condition if a duration between the max-
imum cranking voltage timestamp and the maximum de-
vice voltage timestamp is greater than an undercharging
indicator duration threshold.
[0004] Performing the plurality of micro wakeups may
comprise powering up a limited number of peripherals of
the telematics device.
[0005] Capturing the first plurality of voltage values
may comprise measuring a voltage at a battery terminal

of the motor vehicle in each micro wakeup of the plurality
of micro wakeups.
[0006] Waking up from the sleep mode may comprise
powering up most peripherals of the telematics device.
[0007] Checking for the ignition signal may comprise
checking for one or more messages received over an
interface port of the motor vehicle indicating that ignition
is turned on in the motor vehicle
[0008] Determining the maximum cranking voltage
and the maximum cranking voltage timestamp from the
first plurality of voltage values may comprise determining
a maximum voltage value of the first plurality of voltage
values and determining a corresponding maximum volt-
age value timestamp.
[0009] Capturing the second plurality of voltage values
may comprise measuring a voltage at a battery terminal
of the motor vehicle subsequent to receiving the ignition
signal.
[0010] Determining the maximum device voltage and
the maximum device voltage timestamp from the second
plurality of voltage values may comprise determining a
maximum voltage value of the second plurality of voltage
values and determining a corresponding maximum volt-
age value timestamp.
[0011] In another aspect of the present disclosure,
there is provided a telematics device coupled to a motor
vehicle, the telematics device comprising a controller, an
asset interface coupled to the controller, and a memory
storing machine-executable instructions. The machine-
executable instructions when executed by the controller,
configure the telematics device to enter into a sleep mode
then perform a plurality of micro wakeups during the sleep
mode, capture a first plurality of voltage values corre-
sponding to the plurality of micro wakeups, and wake up
from the sleep mode and check for an ignition signal. If
the ignition signal is detected the machine-executable
instructions further configure the telematics device to de-
termine a maximum cranking voltage and a maximum
cranking voltage timestamp from the first plurality of volt-
age values, capture a second plurality of voltage values,
determine a maximum device voltage and a maximum
device voltage timestamp from the second plurality of
voltage values, and determine a potential alternator un-
dercharging condition if a duration between the maximum
cranking voltage timestamp and the maximum device
voltage timestamp is greater than an undercharging in-
dicator duration threshold.
[0012] The machine-executable instructions which
configure the telematics device to perform the plurality
of micro wakeups may comprise machine-executable in-
structions which power up a limited number of peripherals
of the telematics device.
[0013] The machine-executable instructions which
configure the telematics device to capture the first plu-
rality of voltage values may comprise machine-executa-
ble instructions which configure the telematics device to
measure a voltage at a battery terminal of the motor ve-
hicle in each micro wakeup of the plurality of micro wake-

1 2 



EP 4 102 237 B1

3

5

10

15

20

25

30

35

40

45

50

55

ups.
[0014] The machine-executable instructions which
configure the telematics device to wake up from the sleep
mode may comprise machine-executable instructions
which configure the telematics device to power up most
peripherals of the telematics device.
[0015] The machine-executable instructions which
configure the telematics device to check for an ignition
signal, may comprise machine-executable instructions
which configure the telematics device to examine one or
more messages received over an interface port of the
motor vehicle indicating that ignition is turned on in the
motor vehicle
[0016] The machine-executable instructions which
configure the telematics device to determine the maxi-
mum cranking voltage and the maximum cranking volt-
age timestamp from the first plurality of voltage values
may comprise machine-executable instructions which
configure the telematics device to determine a maximum
voltage value of the first plurality of voltage values and
determine a corresponding timestamp of the maximum
voltage value.
[0017] The machine-executable instructions which
configure the telematics device to capture the second
plurality of voltage values may comprise machine-exe-
cutable instructions which configure the telematics de-
vice to measure a voltage at a battery terminal of the
motor vehicle subsequent to receiving the ignition signal.
[0018] The machine-executable instructions which
configure the telematics device to capture the second
plurality of voltage values may comprise machine-exe-
cutable instructions which configure the telematics de-
vice to capture the second plurality of voltage values for
a predetermined duration after detecting the ignition sig-
nal.
[0019] The machine-executable instructions which
configure the telematics device to determine the maxi-
mum device voltage and the maximum device voltage
timestamp from the second plurality of voltage values
comprise machine-executable instructions which config-
ure the telematics device to determine a maximum volt-
age value of the second plurality of voltage values and
determine a corresponding timestamp of the maximum
voltage value.
[0020] In any of the preceding aspects, the under-
charging indicator duration threshold may be 200 sec-
onds.
[0021] A system of one or more computers can be con-
figured to perform particular operations or actions by vir-
tue of having software, firmware, hardware, or a combi-
nation of them installed on the system that in operation
causes or cause the system to perform the actions. One
or more computer programs can be configured to perform
particular operations or actions by virtue of including in-
structions that, when executed by data processing ap-
paratus, cause the apparatus to perform the actions. One
general aspect includes a method by a telematics device.
The method includes receiving a maximum cranking volt-

age and a maximum cranking voltage timestamp from
the motor vehicle over an asset interface of the telematics
device; receiving a maximum device voltage and a max-
imum device voltage timestamp from the motor vehicle
over the asset interface, and determining a potential al-
ternator undercharging condition if a duration between
the maximum cranking voltage timestamp and the max-
imum device voltage timestamp is greater than an un-
dercharging indicator duration threshold. Other embod-
iments of this aspect include corresponding computer
systems, apparatus, and computer programs recorded
on one or more computer storage devices, each config-
ured to perform the actions of the methods.
[0022] Implementations may include one or more of
the following features. The method where the under-
charging indicator duration threshold is 200 seconds. The
method may include repeating the steps of receiving and
determining a plurality of times and activating an alerting
device in response to the determining of the potential
alternator undercharging condition more than once in the
plurality of times. Activating the alerting device may in-
clude activating an indicator light. Activating the alerting
device may include activating a buzzer. Implementations
of the described techniques may include hardware, a
method or process, or computer software on a computer-
accessible medium.
[0023] One general aspect includes a telematics de-
vice. The telematics device also includes a controller; an
asset interface coupled to the controller; and a non-tran-
sitory memory storing machine-executable instructions
which, when executed by the controller, configure the
telematics device to: receive a maximum cranking volt-
age and a maximum cranking voltage timestamp from a
motor vehicle over the asset interface; receive a maxi-
mum device voltage and a maximum device voltage
timestamp from the motor vehicle over the asset inter-
face; and determine a potential alternator undercharging
condition if a duration between the maximum cranking
voltage timestamp and the maximum device voltage
timestamp is greater than an undercharging indicator du-
ration threshold. The undercharging indicator duration
threshold may be 200 seconds. The machine-executable
instructions may further comprise machine-executable
instructions which repeat the steps of receiving the max-
imum cranking voltage and maximum cranking voltage
timestamp, receiving the maximum device voltage and
maximum device voltage timestamp and determining the
potential alternator undercharging condition a plurality of
times and activate an alerting device in response to de-
termining of the potential alternator undercharging con-
dition more than once in the plurality of times.
[0024] The machine-executable instructions which ac-
tivate the alerting device may comprise machine-execut-
able instructions which activate an indicator light.
[0025] The machine-executable instructions which ac-
tivate the alerting device may comprise machine-execut-
able instructions which activate a buzzer.
[0026] Other embodiments of this aspect include cor-
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responding computer systems, apparatus, and computer
programs recorded on one or more computer storage
devices, each configured to perform the actions of the
methods.
[0027] One general aspect includes a method. The
method includes receiving, by a telematics device, a
maximum cranking voltage and a maximum cranking
voltage timestamp from a motor vehicle over an asset
interface of the telematics device; receiving, by the
telematics device, a maximum device voltage and a max-
imum device voltage timestamp from the motor vehicle
over the asset interface of the telematics device; sending,
by the telematics device, the maximum cranking voltage,
the maximum cranking voltage timestamp, the maximum
device voltage, and the maximum device voltage times-
tamp, over a network interface, to a telematics server;
and determining a potential alternator undercharging
condition if a duration between the maximum cranking
voltage timestamp and the maximum device voltage
timestamp is greater than an undercharging indicator du-
ration threshold.
[0028] The method may further comprise sending, by
the telematics server, an indication of a potential alter-
nator undercharging condition to an administration ter-
minal over the network interface.
[0029] The undercharging indicator duration threshold
may be 200 seconds.
[0030] One general aspect includes a method by a
telematics device. The method also includes receiving a
maximum cranking voltage and a maximum cranking
voltage timestamp from the motor vehicle over an asset
interface of the telematics device; receiving a maximum
device voltage and a maximum device voltage timestamp
from the motor vehicle over the asset interface; and send-
ing the maximum cranking voltage, the maximum crank-
ing voltage timestamp, the maximum device voltage, and
the maximum device voltage timestamp, over a network
interface, to a telematics server. Other embodiments of
this aspect include corresponding computer systems, ap-
paratus, and computer programs recorded on one or
more computer storage devices, each configured to per-
form the actions of the methods.
[0031] Implementations may include one or more of
the following features. The method may include repeating
the steps of receiving and sending. The method may in-
clude receiving an indication, from the telematics server,
of an alternator undercharging condition. The method
may include activating an alerting device in response to
receiving the indication of an alternator undercharging
condition. Activating an alerting device may include ac-
tivating an indicator light. Activating an alerting device
may include activating a buzzer. Implementations of the
described techniques may include hardware, a method
or process, or computer software on a computer-acces-
sible medium.
[0032] One general aspect includes a telematics de-
vice. The telematics device also includes a controller; an
asset interface coupled to the controller; a network inter-

face coupled to the controller; and a non-transitory mem-
ory storing machine-executable instructions which, when
executed by the controller, configure the telematics de-
vice to: receive a maximum cranking voltage and a max-
imum cranking voltage timestamp from a motor vehicle
over the asset interface; receive a maximum device volt-
age and a maximum device voltage timestamp from the
motor vehicle over the asset interface; and send the max-
imum cranking voltage, the maximum cranking voltage
timestamp, the maximum device voltage, and the maxi-
mum device voltage timestamp, over the network inter-
face, to a telematics server. Other embodiments of this
aspect include corresponding computer systems, appa-
ratus, and computer programs recorded on one or more
computer storage devices, each configured to perform
the actions of the methods.
[0033] One general aspect includes a method by a
telematics server. The method also includes receiving,
over a network interface, from a telematics device a max-
imum cranking voltage, a maximum cranking voltage
timestamp, a maximum device voltage, and a maximum
device voltage timestamp associated with a motor vehi-
cle coupled to the telematics device; and determining a
potential alternator undercharging condition if a duration
between the maximum cranking voltage timestamp and
the maximum device voltage timestamp is greater than
an undercharging indicator duration threshold. Other em-
bodiments of this aspect include corresponding compu-
ter systems, apparatus, and computer programs record-
ed on one or more computer storage devices, each con-
figured to perform the actions of the methods.
[0034] Implementations may include one or more of
the following features. The method may include sending
an indication of a potential alternator undercharging con-
dition to an administration terminal over the network in-
terface. Implementations of the described techniques
may include hardware, a method or process, or computer
software on a computer-accessible medium.
[0035] One general aspect includes a telematics serv-
er. The telematics server also includes a controller; a
network interface coupled to the controller; and a non-
transitory memory storing machine-executable instruc-
tions which, when executed by the controller, configure
the telematics server to: receive, over the network inter-
face, from a telematics device a maximum cranking volt-
age, a maximum cranking voltage timestamp, a maxi-
mum device voltage, and a maximum device voltage
timestamp associated with a motor vehicle coupled to
the telematics device; determine, by an analysis module,
a potential alternator undercharging condition if a dura-
tion between the maximum cranking voltage timestamp
and the maximum device voltage timestamp is greater
than an undercharging indicator duration threshold. Oth-
er embodiments of this aspect include corresponding
computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods.
[0036] Implementations may include one or more of
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the following features. The telematics server where the
machine-executable instructions when executed by the
controller, further configure the telematics server to send,
by an alert module, an indication of a potential alternator
undercharging condition to an administration terminal
over the network interface. Implementations of the de-
scribed techniques may include hardware, a method or
process, or computer software on a computer-accessible
medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

Figure 1 is a simplified diagram depicting an internal
combustion engine mechanically coupled to both an
alternator and a starter motor.

Figure 2 is a block diagram showing the logical com-
ponents of an alternator.

Figure 3A is a schematic diagram showing selected
components of an automotive electric system and
current flow therebetween when the vehicle engine
is off.

Figure 3B is a schematic diagram of the components
of Figure 3B and current flow during a cranking event.

Figure 3C is a schematic diagram of the automotive
electric system of Figure 3C during normal engine
operation.

Figure 4 is a graph depicting cranking and device
voltages in an automotive electric system during and
subsequent to a cranking event.

Figure 5 is a vehicle charging profile depicting crank-
ing and device voltages in an automotive electric sys-
tem in which the alternator is undercharging the bat-
tery.

Figure 6 is a graph depicting cranking and device
voltages in an automotive electric system in which
the alternator is overcharging the battery.

Figure 7A is a histogram of the distribution of the
duration between the maximum cranking voltage
and the maximum device voltage for an international
motor vehicle.

Figure 7B is a histogram of the distribution of the
duration between the maximum cranking voltage
and the maximum device voltage for a Chevrolet
Equinox.

Figure 7C is a histogram of the distribution of the
duration between the maximum cranking voltage

and the maximum device voltage for a Chevrolet Sil-
verado.

Figure 7D is a histogram of the distribution of the
duration between the maximum cranking voltage
and the maximum device voltage for a Dodge Ram.

Figure 8 is a histogram showing the distribution of
normal, overcharging, and undercharging events in
a Ford Transit vehicle.

Figure 9 is a schematic diagram of an example sys-
tem for capturing data from an asset or asset tracking
device.

Figure 10 is a block diagram showing a telematics
device coupled to an asset.

Figure 11 is a block diagram of a telematics server,
in accordance with embodiments of the present dis-
closure.

Figure 12 is a schematic diagram showing selected
components of an automotive electric system includ-
ing a voltage-sensing device and an electronic con-
trol unit coupled thereto.

Figure 13 is a flow chart of a method by a telematics
device, the method for identifying a potential alter-
nator undercharging condition, in accordance with
embodiments of the present disclosure.

Figure 14 is a flow chart of a method by a telematics
device, the method for identifying a potential alter-
nator undercharging condition, in accordance with
embodiments of the present disclosure.

Figure 15 is a flow chart of a method by a telematics
server, the method for identifying a potential alter-
nator undercharging condition, in accordance with
embodiments of the present disclosure.

Figure 16 is a graph showing sleep and wakeup du-
rations in a telematics device.

Figure 17 is a graph showing sleep and wakeup du-
rations with a cranking voltage superimposed ther-
eon.

Figure 18 is a graph showing a power-saving
scheme including a plurality of micro wakeups, in
accordance with embodiments of the present disclo-
sure.

Figure 19 is a graph showing the power-saving
scheme of Figure 18 with a cranking voltage super-
imposed thereon.
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Figure 20 is flow chart depicting a method by a
telematics device for determining a potential alter-
nator undercharging condition, in accordance with
embodiments of the present disclosure.

Figure 21 is a graph showing a power-saving
scheme implementing a plurality of regular wakeups
and a cranking and device voltage curve superim-
posed thereon.

Figure 22 is a graph showing a power-saving
scheme implementing a plurality of regular wakeups
with a plurality of micro wakeups interleaved there-
between, and a cranking and device voltage curve
superimposed thereon.

DETAILED DESCRIPTION

[0038] In this disclosure, the terms "electricity," "elec-
tric energy," "electrical energy" and "electrical power" are
used interchangeably and refers to electrical energy. A
skilled person would understand that electricity is a form
of energy, and that power is energy in a unit time. An
electric battery or a generator provide electricity, electric
energy, or electric power to power one or more electrical
components.
[0039] In this disclosure, the terms "generator" and "al-
ternator" are used interchangeably and refers to an al-
ternating current (AC) generator deployed in conjunction
with an engine for converting rotational mechanical en-
ergy to electrical energy.
[0040] In this disclosure, the terms "electric battery,"
"vehicle battery," or "battery" refer to a battery deployed
in a vehicle to provide electric energy to one or more
electrical components. A vehicle battery may be a lead
acid battery or any other suitable type of battery.

Vehicles and Batteries

[0041] Motor vehicles are equipped with batteries for
providing electric energy to power the electrical compo-
nents thereof. Typical vehicle batteries are either 12V
batteries or 24V batteries. In this disclosure, mainly 12V
batteries will be discussed, but it would be apparent to
those of skill in the art that the methods described would
be equally applicable to 24V batteries, and to batteries
operating at other voltages. A vehicle battery needs to
be charged such that it provides a battery output voltage
which is in a battery operating voltage range. The battery
operating voltage range has a lower battery output volt-
age limit and an upper battery output voltage limit. When
the vehicle battery output voltage drops below the lower
battery output voltage limit, the battery is considered un-
dercharged and needs to be charged or it will not provide
sufficient electrical power to the various electrical com-
ponents. In the example of a 12V battery, the lower bat-
tery output voltage limit has been found to be 12.2V.
When the vehicle battery output voltage rises above the

upper battery output voltage limit, the vehicle battery is
considered overcharged. An overcharged battery may
deteriorate quickly and the vehicle battery output voltage,
which is higher than the upper battery output voltage limit,
may cause damage to some of the electrical components
of the vehicle. In the example of a 12V battery, the upper
battery output voltage limit has been found to be 12.6V.
It is therefore generally desirable to keep the battery out-
put voltage of a 12V vehicle battery between 12.2V and
12.6V.

Cranking

[0042] Internal combustion engines need to be
cranked to start their operation. Cranking an engine in-
volves rotating the engine’s crank shaft causing the pis-
tons to move in a reciprocating manner within their cor-
responding cylinders. Rotating the crank shaft also caus-
es intake valves to open letting air into the cylinders and
causes an injection pump to inject fuel into the cylinders.
For engines using carburetors, the intake valves let a fuel
mixture of gasoline and air into the cylinders. For gasoline
engines, cranking also causes the spark plugs to be ac-
tivated thus igniting the fuel mixture and producing heat
energy which displaces the pistons inside the cylinders.
The displacement of the pistons in a reciprocating man-
ner within the cylinders is converted to rotary motion by
the crank shaft, and the engine is said to have been start-
ed. Cranking an engine is typically done by a starter motor
mechanically coupled to the engine. The starter motor
relies mainly on the vehicle battery to run during cranking.

Alternator

[0043] Electricity generators used in vehicles are often
referred to as alternators since they generate electricity
having an alternating current (AC). The generated AC is
then rectified and converted to direct current (DC) to pow-
er the vehicle’s electrical components and to charge the
vehicle’s battery. An alternator is mechanically coupled
to a vehicle’s internal combustion engine and converts
mechanical energy provided by the engine to electrical
energy. In order to charge a vehicle battery to a particular
output voltage, an alternator is configured to generally
produce an alternator output voltage which is higher than
the battery voltage by a charging voltage offset. Accord-
ingly, an alternator has a lower alternator output voltage
limit, which is greater than a corresponding lower battery
output voltage limit by the charging voltage offset. Simi-
larly, an alternator has an upper alternator output voltage
limit which is greater than a corresponding upper battery
output voltage limit by the charging voltage offset. By way
of example, a charging voltage offset may be 1V. For a
12V battery, the lower battery output voltage limit is 12.2V
and accordingly the lower alternator output voltage limit
is 13.2V for an alternator configured to charge the battery
by a charging voltage offset of 1V. Similarly, for the 12V
battery, the upper battery output voltage limit is 12.6V
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and accordingly the upper alternator output voltage limit
is 13.6V for an alternator configured to charge the battery
by a charging offset of 1V.

Alternator Failure

[0044] Alternators often fail after a period of use. In
some cases, the alternator completely fails and does not
produce any electric energy at all. In other cases, the
alternator is either overcharging or undercharging the ve-
hicle battery. If the alternator output voltage is less than
the lower alternator output voltage limit, then the alter-
nator is said to be "undercharging" the vehicle battery.
For example, for a 12V vehicle battery discussed above
and a charging offset voltage of 1V, if the alternator output
voltage is less than the lower alternator output voltage
limit of 13.2V, the alternator is said to be undercharging
the vehicle battery. If the alternator output voltage is
greater than the upper alternator output voltage limit of
13.6, the alternator is said to be "overcharging" the ve-
hicle battery.
[0045] An alternator is mechanically and rotationally
coupled a vehicle’s engine in order to produce electricity.
Similarly, a starter motor is mechanically and rotationally
coupled to a vehicle’s engine in order to crank the engine.
With reference to Figure 1, there is shown an engine 20
mechanically coupled to both an alternator 30 and a start-
er motor 70.
[0046] The engine 20 comprises a plurality of cylinders
(now shown) in which a corresponding plurality of pistons
are disposed and configured for reciprocating motion.
The engine 20 also houses a crankshaft (not shown) me-
chanically coupled to the pistons. As known in the art,
the reciprocating motion of the pistons are converted to
rotational motion by the crankshaft. At one end of the
crankshaft, there is a drive pulley 24 connected with the
crankshaft and rotatable therewith. At the opposite end
of the crankshaft, there is a flywheel 28 connected with
the crankshaft and rotatable therewith. The flywheel 28
may be in the form of a gear and have a plurality of teeth.
[0047] An alternator 30 is disposed alongside the en-
gine 20 and rotationally coupled thereto. The alternator
30 may be affixed to the engine block or to any part of
the vehicle chassis. The alternator 30 includes an alter-
nator pulley 40 connected to and rotatable with an alter-
nator shaft. The alternator pulley 40 is rotationally cou-
pled to the drive pulley 24, typically by an alternator belt
42. Accordingly, the alternator shaft rotates with the ro-
tation of the engine crankshaft.
[0048] A starter motor 70 is disposed alongside the
engine 20. The starter motor 50 has a starter motor shaft
74 which provides rotational motion when electric power
is provided to the starter motor 70. A starter motor pinion
gear 76 is connected to the starter motor shaft 74 and is
rotatable therewith. A starter motor solenoid 72 allows
extending and retracting the starter motor shaft 74. To
start the engine 20, the starter motor solenoid 72 extends
the starter motor shaft 74 until the starter motor pinion

gear 76 engages with the flywheel 28 and rotates the
engine’s crankshaft. Once the engine has started, the
starter motor solenoid 72 retracts the starter motor shaft
74 so that the starter motor pinion gear 76 disengages
from the flywheel 28.
[0049] When the engine 20 is off and is not being
cranked (started), the crank shaft is not rotating and ac-
cordingly the drive pulley 24 is not rotating. As a result,
the alternator pulley 40 is also not rotating and no electric
power is generated by the alternator 30. Similarly, no
power is applied to the starter motor 70 and hence the
starter motor pinion gear 76 does not rotate. Additionally,
the starter motor shaft 74 is in retracted mode towards
the starter motor 70 and the starter motor pinion gear 76
is not engaged with the flywheel 28.
[0050] When the engine 20 is cranked (started), for
example by a user turning a key in an ignition or actuating
a push button ignition switch, electric power is applied
from the vehicle’s battery to the starter motor 70 including
the starter motor solenoid 72. In response to receiving
electric power, the solenoid extends the starter motor
shaft 74 until the teeth of the starter motor pinion gear
76 engage with the teeth of the flywheel 28, as shown in
dotted lines in the figure. Additionally, the starter motor
70 rotates the starter motor shaft 74 thus rotating the
starter motor pinion gear 76 therewith. Since the flywheel
28 is in engagement with the starter motor pinion gear
76, the flywheel 28 rotates in the opposite direction to
that of the starter motor pinion gear 76. The crankshaft
rotates with the flywheel 28. As discussed above, the
rotation of the crankshaft causes the engine to start. The
drive pulley 24 rotates with the crankshaft. Since the al-
ternator pulley 40 is rotationally coupled to the drive pul-
ley 24 by the alternator belt 42, the alternator pulley 40
also rotates and the alternator 30 generates some elec-
tricity.
[0051] When the engine 20 is running, the starter motor
70 is turned off. Additionally, the starter motor solenoid
72 retracts the starter motor shaft 74 such that the starter
motor pinion gear 76 is disengaged from the flywheel 28.
As the engine is running, the drive pulley 24 is rotating
by the action of the mechanical rotational motion pro-
duced by the engine 20. The alternator 30 rotates with
the engine 20 and produces electricity to power the elec-
trical components of the vehicle.
[0052] The structure and operation of an alternator 30
are known in the art. For illustration, Figure 2 shows a
high-level block diagram of an alternator 30 identifying
its principal components. An alternator 30 includes a rotor
32, a stator 34, an alternator housing 44, a rectifier 36,
and a regulator 38.
[0053] The rotor 32 is disposed on a shaft and rotatable
therewith. The rotor 32 features an electromagnet (not
shown) which is powered by the vehicle’s battery and/or
electric power generated by the alternator 30 itself. The
power of the electromagnet affects the alternator output
voltage. The higher the power of the electromagnet, the
higher the alternator output voltage for the same rota-
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tional speed of the rotor shaft. Conversely, the lower the
power of the electromagnet, the lower the alternator out-
put voltage for the same rotational speed of the rotor
shaft.
[0054] The stator 34 is circumferentially disposed in-
side the alternator housing 44 encompassing the rotor
32. The stator 34 consists of a plurality of coils typically
connected in a star configuration, as known in the art.
The coils have terminals at which the generated AC is
provided.
[0055] The rectifier 36 converts the generated AC pro-
vided at the terminals of the coils into DC. In some ex-
ample embodiments, the rectifier comprises a plurality
of diodes, and at least one capacitor as known in the art.
For a typical 3-phase alternator, there are at least 3 di-
odes.
[0056] The regulator 38 detects the alternator output
voltage and ensures that it remains above the lower al-
ternator output voltage limit and below the upper alter-
nator output voltage limit. As shown the regulator 38
checks the battery output voltage and the alternator out-
put voltage. As discussed above, the alternator output
voltage is generally higher than the battery output voltage
by a charging voltage offset. The regulator 38 determines
the desired alternator output voltage based on the battery
output voltage. If the alternator output voltage is different
from the desired alternator output voltage, the regulator
controls the power provided to the electromagnet of the
rotor in order to maintain the alternator output voltage
between the lower alternator output voltage limit and the
upper alternator output voltage limit.
[0057] Rotating the alternator pulley 40 causes the ro-
tor 32 to rotate with respect to the stator 34 and induce
electricity in the stator 34. The generated electricity is in
the form of an alternating current (AC) which is provided
at the stator terminals (not shown). The rectifier 36 con-
verts the generated AC to direct current (DC) output. The
DC output may be provided to charge the vehicle battery,
power the electromagnet of the rotor 32, and power the
electrical components of the vehicle while the engine 20
is running.
[0058] The regulator 38 determines the desired alter-
nator output voltage based on the battery operating volt-
age range. The regulator 38 then compares the alternator
output voltage, provided thereto by the rectifier, as
shown, with the desired alternator output voltage. Based
on the comparison, the regulator may increase or de-
crease the electric power provided to the electromagnet
of the rotor 32. For example, for a 12V battery, the alter-
nator output voltage needs to be between 13.2V and
13.6V. If the alternator output voltage was at 14V, then
the alternator is overcharging the battery. The regulator
38 reduces the power provided to the electromagnet of
the rotor 32. As a result, the alternator output voltage is
reduced. This is repeated until the alternator output volt-
age is at most at the upper alternator output voltage limit
of 13.6V. Conversely, if the alternator output voltage is
below 13.2V, the regulator 38 increases the electric pow-

er provided to the rotor 32. As a result, the alternator
output voltage is increased (for the same alternator shaft
rotational speed), thus increasing the alternator output
voltage. This is repeated until the alternator output volt-
age is at least at the lower alternator output voltage limit.
[0059] The electrical connections between the engine
20, the starter motor 70 and the alternator 30 are shown
in Figures 3A-3C.
[0060] Figures 3A-3C depict a simplified schematic of
a vehicle’s electric subsystems including a battery 60, a
starter motor 70, an alternator 30, a voltage-sensing de-
vice 106, and an electrical component 80 shown as a
light bulb. The battery 60 may be a lead acid battery or
any other suitable type of battery used in vehicles. The
battery 60 has a positive battery terminal 62 connected
to the electrical component 80, to the starter motor 70
and to the alternator 30. The battery 60 also has a neg-
ative terminal 64 connected to the ground (i.e., the vehi-
cle’s metal chassis). The starter motor 70 is connected
to the positive battery terminal 62 and to the ground. The
alternator is connected to the positive battery terminal 62
and to the ground. The electrical component 80 may be
any one of vehicle lights, gauges, air conditioner or en-
tertainment system. The voltage-sensing device 106 is
connected to the positive battery terminal 62 and the al-
ternator output. The voltage measuring device may be a
voltmeter, galvanometer, analog-to-digital converter
(ADC), or any other suitable device that can measure
voltage.
[0061] Turning first to Figure 3A. In this figure, the en-
gine 20 is in off mode. In other words, the engine 20 is
neither running nor being cranked. Accordingly, the al-
ternator 30 is not rotating and is not producing any electric
power. The only source of electricity in the vehicle is the
battery 60. Thickened black lines in Figure 3A show cur-
rent flow between the battery 60 and the electrical com-
ponent 80. Since the battery 60 provides electric power
to the electrical component 80 and is not being charged.
The voltage measured by the voltage-sensing device 106
is the voltage of the battery 60 only. In the off mode, and
in the presence of an electrical component 80 which is
turned on, the battery 60 is drained after some time. The
time to drain the battery 60 depends on the load of the
electrical component 80 and the capacity of the battery
60.
[0062] When a vehicle is started by a driver, for exam-
ple by activating an ignition key, the engine 20, starter
motor 70 and alternator 30 are said to be in a cranking
state or undergoing a cranking event. With reference to
Figure 3B, the diagram shows the same vehicle’s electric
subsystems of Figure 3A. Figure 3B also shows the cur-
rent flowing as solid black lines. During a cranking event,
the battery 60 provides power to the starter motor 70 as
indicated by the solid line between the positive battery
terminal 62 and the starter motor 70. As the starter motor
70 is activated and engages the flywheel 28 as discussed
above, the crankshaft of the engine rotates. As the alter-
nator 30 is mechanically coupled to the crankshaft, the
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alternator shaft also rotates, and the alternator 30 starts
generating some electricity. During cranking any electri-
cal component 80 which is turned on consumes electric
power from both the battery 60 and/or the alternator 30
depending on electric load of the electrical component
80. The voltage measured at the positive battery terminal
62, by the voltage-sensing device 106, during cranking
is termed the "cranking voltage". The cranking voltage
fluctuates as the starter motor 70 starts and as the alter-
nator 30 starts generating electricity. As discussed be-
low, there is a point at which the cranking voltage is at a
minimum value termed the "minimum cranking voltage"
and another point at which the cranking voltage is at a
maximum value termed the "maximum cranking voltage."
[0063] When the engine 20 starts, the cranking event
is terminated and the starter motor 70 is both disengaged
from the engine 20 and is no longer powered up. This is
illustrated in Figure 3C. After cranking is terminated, the
voltage measured at the positive battery terminal 62, by
the voltage-sensing device 106, is termed the "device
voltage". As shown in Figure 3C, there are solid black
lines between the alternator 30 and the positive battery
terminal 62 as well as between the positive battery ter-
minal 62 and the electrical component 80 indicating that
the electrical components 80 may be consuming electric
power from both the alternator 30 and the battery 60.
[0064] An alternator undercharging condition eventu-
ally leads to depletion of the vehicle battery. As a result,
there may not be enough power in the vehicle battery to
start the starter motor and thus the vehicle. Consequent-
ly, delivery of goods cannot be made or are delayed until
the vehicle battery is either charged or replaced. The
result of failing to deliver some goods on time may result
in heavy losses. For example, a truck carrying perishable
food items must be delivered on time or the food might
devour. One simple solution to avoid a situation where
the alternator is undercharging the vehicle battery is to
periodically replace the alternator thus ensuring that the
vehicle has a relatively new alternator in good working
condition. Replacement of an alternator in a vehicle adds
to the cost of operating and maintaining the vehicle. If
replaced too early or unnecessarily, it adds a cost that
could have been avoided. Therefore, the idea of preemp-
tively replacing a healthy alternator is not ideal. It is there-
fore desirable to predict alternator failures before they
cause a vehicle to be stranded and/or a delivery not to
be made on time.
[0065] The inventors have observed and determine
that certain characteristics of the cranking voltage and
the device voltage may indicate a case of an alternator
undercharging condition. Accordingly, methods and sys-
tems for detecting alternator undercharging conditions,
are better understood once the voltage patterns ob-
served during and after a cranking event are explained
as is done with reference to Figure 4.
[0066] With reference to Figure 4, there is shown a
graph depicting voltage measured at the positive battery
terminal (to which the output of the alternator is connect-

ed) during and after a cranking event. The horizontal axis
represents time, while the vertical axis represents the
voltage measured at the positive battery terminal 62. Be-
fore the cranking event, the measured voltage was
around 12.6V. This represents the voltage at the positive
battery terminal 62 with the alternator 30 not generating
any electrical power. At time 90, the cranking event starts.
The cranking voltage remains at the initial cranking volt-
age 49, which is around 12.6V. As the starter motor 70
draws a large amount of current from the vehicle battery
in order to start, the battery output voltage drops signifi-
cantly. As discussed, the output voltage of the battery
during a cranking event is considered a cranking voltage.
As can be seen, the cranking voltage drops until it is at
a minimum cranking voltage 51 (which is around 9.8V
approximately). As the starter motor 70 starts rotating
and gains momentum, the current drawn by the starter
motor 70 drops and accordingly the cranking voltage ris-
es. Additionally, as the starter motor 70 rotates at a faster
speed, so does the crank shaft of the engine, and so
does the alternator shaft. As a result, the alternator 30
starts producing electricity, and the cranking voltage ris-
es. As shown between the time 90 and the time 92.
[0067] At the time 92, the cranking voltage reaches a
maximum cranking voltage 52. The maximum cranking
voltage 52 is also the last cranking voltage measured.
Once the engine has fully started, cranking is stopped,
and the starter motor 70 is disengaged from the engine
both electrically and mechanically. At this point, the volt-
age measured at the positive battery terminal 62 is the
device voltage. The first device voltage 54 has the value
of approximately 13.2V. At this point, the regulator 38
may increase the power provided to the electromagnet
of the rotor 32 to bring the alternator output voltage to
13.6V so that it is higher by 1V than the battery output
voltage, which was measured to be 12.6V before the
cranking event. The device voltage reaches a maximum
device voltage 56 at a time 96.
[0068] With reference to Figure 4, a few observations
can be made. Firstly, the maximum cranking voltage 52
and the maximum device voltage 56 are substantially
equal. In reality they may not be identical and may be off
by 0.1V or so. Secondly, the time period between the
maximum cranking voltage 52 and the maximum device
voltage 56 is relatively short. For example, in Figure 4,
the maximum cranking voltage 52 took place at approx-
imately 00:29:08 and the maximum device voltage 56
took place at approximately 00:29:23. In other words, it
took around 15 seconds after the maximum cranking volt-
age 52 for the device voltage to reach the maximum de-
vice voltage 56.
[0069] In vehicles where the alternator is either under-
charging or overcharging the battery, the device voltage
after cranking follows different patterns.
[0070] For example, with reference to Figure 5, there
is shown a vehicle charging profile for a vehicle in which
the alternator is undercharging the battery. The graph
covers a period of over 3 minutes starting with cranking.
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When cranking starts, the initial cranking voltage 49 was
around 11.4V. At the start of cranking, the measured
cranking voltage comprises the battery voltage at the
positive battery terminal. As discussed above, a battery
voltage value that is lower than the lower battery output
voltage limit, indicates an undercharged battery. As
cranking proceeds, the starter motor draws current and
a minimum cranking voltage 51 is reached. As the starter
motor gains momentum and the alternator starts gener-
ating electricity, the cranking voltage rises. The maximum
cranking voltage 52 has a voltage value of 13.6V, which
is a good value for a vehicle electric system including a
12V battery, as discussed above. Cranking ends and the
maximum cranking voltage 52 is also the last cranking
voltage. Past this point, the engine is in normal operation
and the measured voltage is the device voltage. The first
observed device voltage 54A is around 12.4V. The sec-
ond observed device voltage 54B is around 11.3V. The
third observed device voltage 54C is around 10.5V. Ac-
cordingly, the device voltage is dropping. Since the de-
vice voltage is an indication of the alternator output volt-
age, it can be deduced that the alternator output voltage
is below the lower alternator output voltage limit, which
for 12V batteries is 13.2V. Therefore, the device voltage
pattern of Figure 5 is indicative of an undercharging con-
dition.
[0071] With reference to Figure 6, there is shown a
vehicle charging profile for a vehicle in which the alter-
nator is overcharging the battery. The profile covers a
period of approximately 10 seconds starting with crank-
ing. First, it is observed that the initial cranking voltage
49 is around 15.8V, which is high as it is expected that
the battery voltage is at most 12.6V for a 12V battery. As
cranking proceeds, the starter motor draws plenty of cur-
rent and the cranking voltage drops to a minimum crank-
ing voltage 51, which is around 7.6V. As before, the start-
er motor gains momentum and the alternator starts gen-
erating electricity, the cranking voltage rises. The maxi-
mum cranking voltage 52 is over 16V, which is high. The
engine starts, and the first observed device voltage 54A
is around 15V, the second observed device voltage 54B
is around 18.5V, and the third observed device voltage
54C is around 19.5V. Subsequent device voltage values
54D, 54E, 54F, 54G and 54H are all around 20V. This
voltage profile indicates that the alternator is overcharg-
ing the battery.
[0072] The duration between the timestamp of the
maximum cranking voltage and the timestamp of the
maximum device voltage varies with each cranking
event. The inventors have analyzed voltage patterns
from numerous vehicle electric systems of different
makes and models and have observed certain distribu-
tions.
[0073] Figure 7A shows a histogram 710 of the full dis-
tribution of the duration between maximum cranking volt-
age and maximum device voltage for an International MV
having a 6.7L Diesel Cummins engine. It has been ob-
served that in most cranking events, the maximum device

voltage is reached less than 200 seconds after the max-
imum cranking voltage. A histogram 720 of the duration
limited to where the duration between the maximum
cranking voltage and the maximum device voltage is less
than 200 seconds shows that for an international MV in
the majority of cases, the duration between the maximum
cranking voltage and the maximum device voltage is less
than 50 seconds.
[0074] Figure 7B shows a histogram 710 of the full dis-
tribution of the duration between maximum cranking volt-
age and maximum device voltage for a Chevrolet Equi-
nox having a 4 cylinder 1.5L engine. It has been observed
that in most cranking events, the maximum device volt-
age is reached less than 600 seconds after the maximum
cranking voltage. A histogram 720 of the duration limited
to where the duration between the maximum cranking
voltage and the maximum device voltage is less than 200
seconds shows that for a Chevrolet Equinox in the ma-
jority of cases, the highest distribution of the duration
between the maximum cranking voltage and the maxi-
mum device voltage is also less than 50 seconds. For a
Chevrolet Silverado, the distribution of the duration be-
tween the maximum cranking voltage and the maximum
device voltage is shown in Figure 7C. The distribution is
somewhat similar to the Chevrolet Equinox.
[0075] Figure 7D shows a histogram 710 of the full dis-
tribution of the duration between maximum cranking volt-
age and maximum device voltage for a Dodge Ram hav-
ing a 2500 3.6L V6 engine. It has been observed that in
most cranking events, the maximum device voltage is
reached less than 200 seconds after the maximum crank-
ing voltage. A histogram 720 of the duration limited to
where the duration between the maximum cranking volt-
age and the maximum device voltage is less than 200
seconds shows that for a Dodge Ram in the majority of
cases, the duration between the maximum cranking volt-
age and the maximum device voltage is between 100
seconds and 150 seconds.
[0076] The above observations relating to the duration
between the maximum cranking voltage and the maxi-
mum device voltage become relevant when it is correlat-
ed with the monitoring of normal, overcharging, and un-
dercharging events. For example, with reference to Fig-
ure 8, graphs depicting the number of normal, overcharg-
ing, and undercharging events versus the time of the
events are shown for a Ford Transit having a 3.5L V6
gasoline engine. The graph 810 depicts normal events,
the graph 820 depicts undercharging events, and the
graph 830 depicts overcharging events. It can be seen
that normal events take place mostly under 2 minutes
and generally up to 4 minutes. Undercharging events
take place mostly before 3 minutes (180 seconds or ap-
proximately 200 seconds). In this graph, there were no
overcharging events, and hence the overcharging graph
830 is flat.
[0077] The inventors have investigated numerous cas-
es of alternator failure and observed a correlation be-
tween some failures and the duration between the max-
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imum cranking voltage and the maximum device voltage.
Specifically, if the duration between the maximum crank-
ing voltage and the maximum device voltage exceeds an
undercharging indication duration threshold, this indi-
cates that an alternator undercharging condition is likely.
If the duration between the maximum cranking voltage
and the maximum device voltage exceeds the under-
charging indication duration threshold repeatedly, then
the vehicle operator or a fleet manager needs to be alert-
ed of the potential undercharging condition. As a result,
the alternator may be repaired or rebuilt. The described
method has additional advantages. For example, some
vehicles reduce the alternator voltage during normal op-
eration when the battery is fully charged. As such, solely
relying on measuring the alternator output voltage to de-
termine whether an undercharging condition is happen-
ing may give false positives on such vehicles. The meth-
od described herein predicts potential alternator failures
in a reliable manner and does so in advance of the prob-
lem affecting the vehicle operation. For example, relying
solely on measuring the alternator output voltage may
give an indication that the alternator has already failed
while in the middle of a trip where service centers may
not be nearby. The advantage of the method described
herein is that it predicts potential alternator failure within
a short duration of starting the vehicle (e.g., within 200
seconds or just over 3 minutes). This gives the operator
sufficient time to return and take necessary measures
such as replacing the alternator prior to starting a long
trip.
[0078] In some embodiments, the detected maximum
cranking voltages, and maximum device voltages along
with their timestamps may be used by an on-board device
to compute the time difference between each maximum
cranking voltage and a corresponding maximum device
voltage. If the time difference between the maximum
cranking voltage and the maximum device voltage ex-
ceeds a particular threshold, then the on-board device
may trigger an alert for the associated vehicle. For ex-
ample, an indicator in the dashboard may light up and/or
an alarm sound may alert the driver of a potential alter-
nator failure. In other embodiments, the maximum crank-
ing voltages, the maximum device voltages, and their
associated timestamps are included in telematics data
captured from the vehicle using a telematics coupled to
the vehicle. The telematics data is gathered by the
telematics device and transmitted to a telematics server
for analysis. The telematics server may be queried for
data on specific vehicles or may be configured to send
warnings to a user, such as a fleet manager, alerting
them of vehicles with potential undercharging problems,
for example.
[0079] Figure 9 shows a high-level block diagram of a
telematics system 1000. The telematics system 1000 in-
cludes a telematics server 130, and (N) telematics de-
vices shown as telematics device 200_1, telematics de-
vice 200_2...through telematics device 200_N ("telemat-
ics device 200"). The telematics system 1000 may also

include an administration terminal 400. A network 50 may
provide connectivity between the telematics devices 200
and the telematics server 130, and between the admin-
istration terminal 400 and the telematics server 130. Fig-
ure 1 also shows a plurality of (N) assets named as asset
100_1, asset 100_2...asset 100_N ("asset 100"); and a
plurality of satellites 700_1, 700_2 and 700_3 ("satellite
700").
[0080] The assets 100 shown are in the form of vehi-
cles. For example, the asset 100_1 is shown as a truck,
which may be part of a fleet that delivers goods or pro-
vides services. The asset 100_2 is shown as a passenger
car that typically runs on an internal combustion engine
(ICE). The asset 100_3 is shown as an electric vehicle
(EV). While the assets have been shown as vehicles, in
some examples they may be airborne vehicles such as
airplanes, helicopters, or drones. In other examples, the
assets may be marine vehicles such as boats, ships, or
submarines. In further examples, the assets may be sta-
tionary equipment such as industrial machines.
[0081] The telematics devices 200 are electronic de-
vices which are coupled to assets 100 and configured to
gather asset data from the assets 100. For example, in
Figure 9 the telematics device 200_1 is coupled to the
asset 100_1. Similarly, the telematics device 200_2 is
coupled to the asset 100_2 and the telematics device
200_3 is coupled to the asset 100_3. The components
of a telematics device 200 are explained in further detail
with reference to Figure 10.
[0082] The network 50 may be a single network or a
combination of networks such as a data cellular network,
the Internet, and other network technologies. The net-
work 50 allows the telematics devices 200 to communi-
cate with the telematics server 130 and allows the ad-
ministration terminal 400 to communicate with the
telematics server 130.
[0083] The satellites 700 may be part of a global nav-
igation satellite system (GNSS) and may provide location
information to the telematics devices 200. The location
information may be processed by a location module on
the telematics device 200 to determine the location of
the telematics device 200 (and hence the location of the
asset 100 coupled thereto). A telematics device 200 that
can periodically report an asset’s location is termed an
"asset tracking device".
[0084] A telematics server 130 is an electronic device
having a large data store and powerful processing capa-
bility. The telematics server 130 may receive telematics
data from telematics devices 200, including cranking and
device voltages and their timestamps. The telematics
server 130 may compute the likelihood of alternator un-
dercharging conditions based on the received voltages
and timestamps. The telematics server 130 may also
send alerts for alternator undercharging conditions to one
or more remote devices.
[0085] The administration terminal 400 is an electronic
device, which may be used to connect to the telematics
server 130 to retrieve data and analytics related to one
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or more assets 100. The administration terminal 400 may
be a desktop computer, a laptop computer, a tablet, or a
smartphone. The administration terminal 400 may run a
web browser or a custom application which allows re-
trieving data and analytics, pertaining to one or more as-
sets 100, from the telematics server 130 via a web inter-
face of the telematics server.
[0086] In operation, a telematics device 200 connects
to an asset 100 to gather asset data. The asset data may
be combined with location data obtained by the telemat-
ics device 200 from a location module in communication
with the satellites 700 and/or sensor information gathered
from sensors in the telematics device 200. The combined
data may be termed "telematics data." The telematics
device 200 sends the telematics data, over to the telemat-
ics server 130 over the network 50. The telematics server
130 may process, aggregate, and analyze the telematics
data to generate information about the assets 100 or a
fleet of assets. The administration terminal 400 may con-
nect to the telematics server 130, over the network 50,
to access the generated information. Alternatively, the
telematics server 130 may push the generated informa-
tion to the administration terminal 400. For example, the
asset data may comprise a maximum cranking voltage
along with its timestamp and the maximum device volt-
age along with its timestamp as well as an asset identifier,
such as a vehicle type. The telematics server 130 may
perform some computations to determine, for the vehicle
type, whether an alternator undercharging condition is
likely. The telematics server 130 may generate alert in-
formation for the particular asset (vehicle) indicating the
undercharging condition, if applicable. The alert informa-
tion may be accessed by the administration terminal 400.
[0087] In the attached figures, a telematics device 200
is shown as a separate entity connected with a corre-
sponding asset. It would be, however, apparent to those
of skill in the art that other configurations are possible.
For example, the telematics device 200 may be integrat-
ed with the asset 100 at the time of manufacturing. In
other examples, the telematics device may be deployed
on an asset but not connected therewith. For example,
a telematics device 200 may be deployed in a vehicle
and may monitor the vehicle’s temperature, location,
speed, and direction of travel solely using sensors or pe-
ripherals on board the telematics device 200 such as a
temperature sensor, a GPS receiver, an accelerometer,
and a gyroscope.
[0088] Further details relating to the telematics device
200 and how it interfaces with an asset 100 are shown
with reference to Figure 10. Figure 10 depicts an asset
100 and a telematics device 200 connected thereto. Se-
lected relevant components of each of the asset 100 and
the telematics device 200 are shown. For example, while
the asset 100 may be a vehicular asset, only components
relevant to gathering asset data are shown in the figure.
The asset 100 may have a plurality of electronic control
units (ECUs). An ECU is an electronic module which in-
terfaces with one or more sensors for gathering informa-

tion from the asset 100. For example, an oil temperature
ECU may contain a temperature sensor and a controller
for converting the measured temperature into digital data
representative of the oil temperature. Similarly, a battery
voltage ECU may contain a voltage sensor for measuring
the voltage at the positive battery terminal and a controller
for converting the measured voltage into digital data rep-
resentative of the battery voltage. A typical vehicle may,
for example, have around seventy ECUs. For simplicity,
only a few of the ECUs 110 are depicted in Figure 2. For
example, in the depicted embodiment the asset 100 has
three electronic control units including the ECU 110A,
the ECU 110B, and the ECU 110C ("ECUs 110"). The
ECU 110A, the ECU 110B, and the ECU 110C are shown
to be interconnected via a bus, such as a Controller Area
Network (CAN) bus 150. ECUs 110 interconnected using
a CAN bus send and receive information to one another
in CAN frames by placing the information on the CAN
bus 150. When an ECU places information on the CAN
bus 150, other ECUs 110 receive the information and
may or may not consume or use that information. Differ-
ent protocols are used to exchange information between
the ECUs over a CAN bus. For example, ECUs 110 in
trucks and heavy vehicles use the Society of Automotive
Engineering (SAE) J1939 protocol to exchange informa-
tion over a CAN bus 150. Most passenger vehicles use
the On-Board Diagnostic (OBD) protocol to exchange
information between ECUs 110 on their CAN bus 150.
In industrial automation, ECUs use a CANOpen protocol
to exchange information over a CAN bus 150. An asset
100 may allow access to information exchanged over the
CAN bus 150 via an interface port 102. For example, if
the asset 100 is a passenger car, then the interface port
102 is most likely an OBD-II port. Data accessible through
the interface port 102 is termed the asset data 112. An
example of the asset data 112 includes the cranking and
device voltages gathered from an ECU coupled to the
battery and alternator, as will be described below. In
some embodiments, the interface port 102 includes a
power interface for providing power to a device connect-
ing thereto.
[0089] The telematics device 200 includes a controller
230 coupled to a memory 240, an interface layer 210 and
a network interface 220. The telematics device 200 also
includes one or more sensors 204 and a location module
206 coupled to the interface layer 210. The telematics
device further includes some rudimentary output devices
such as an indicator light 292 and a buzzer 294. In some
embodiments (not shown), the telematics device 200
may have a dedicated power source or a battery. In other
embodiments, the telematics device 200 may receive
power directly from the asset 100. The telematics device
200 shown is an example. Some of the depicted compo-
nents may be optional. For example, some telematics
devices may not have a location module 206 and may
rely on an external location module for obtaining location
data 207. Some telematics devices may not have any
sensors 204 and may rely on external sensors for obtain-
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ing sensor data 205.
[0090] The controller 230 may include one or any com-
bination of a processor, microprocessor, microcontroller
(MCU), central processing unit (CPU), processing core,
state machine, logic gate array, application-specific inte-
grated circuit (ASIC), field-programmable gate array (FP-
GA), or similar, capable of executing, whether by soft-
ware, hardware, firmware, or a combination of such, the
actions performed by the controller 230 as described
herein.
[0091] The indicator light 292 is an electronic periph-
eral capable of emitting visual light. The indicator light
292 may be a light emitting diode (LED) or another form
of light which can be activated either to display a solid
light or a flashing light with different duty cycles. The in-
dicator light 292 may be used to indicate an alert condition
under control of firmware executed by the controller 230.
[0092] The buzzer 294 is an electronic device which
produces an audible signal. The buzzer 294 may be a
speaker or a piezoelectric transducer. The buzzer 294
may be used to indicate an alert condition under control
of firmware executed by the controller 230.
[0093] The memory 240 may include read-only-mem-
ory (ROM), random access memory (RAM), flash mem-
ory, magnetic storage, optical storage, and similar, or
any combination thereof, for storing machine-executable
instructions and data to support the functionality de-
scribed herein. The memory 240 is coupled to the con-
troller 230 thus enabling the controller 230 to execute the
machine-executable programming instructions stored in
the memory 240. The memory 240 may store machine-
executable instructions, which when executed by the
controller 230, configures the telematics device 200 for
receiving asset data 112 from the asset 100 via the asset
interface 202, and for receiving sensor data 205 from the
sensors 204 and/or location data 207 from the location
module 206 via the sensor interface 208. The memory
240 may also contain machine-executable programming
instructions for combining asset data 112, sensor data
205 and location data 207 into telematics data 212. Ad-
ditionally, the memory 240 may further contain instruc-
tions which, when executed by the controller 230, con-
figures the telematics device 200 to transmit the telemat-
ics data 212 via the network interface 220 to a telematics
server 130 over a network 50.
[0094] In some embodiments, the memory 240 may
contain modules for analyzing the asset data 112 and
generate an alert accordingly. For example, the memory
240 may contain modules for analyzing cranking and de-
vice voltages and checking whether the alternator is over-
charging or undercharging the vehicle’s battery. In case
an overcharging or an undercharging condition is detect-
ed, the firmware modules may activate the indicator light
292, the buzzer 294, or both in order to signal the alert
condition.
[0095] In some embodiments, the memory may con-
tain firmware modules for receiving alert messages from
the telematics server over the network interface 220. For

example, after sending the telematics data 212 to the
telematics server, the telematics device 200 may receive,
over the network interface 220, an alert message from
the telematics server indicating an alert condition related
to the operation of the vehicle. For example, the telemat-
ics device 200 may receive an alert message indicating
that the vehicle coupled to the telematics device 200 is
undergoing an alternator undercharging condition. The
firmware modules may further configure the telematics
device 200 to issue an alert in response to receiving the
alert message. The issued alert may be in the form of a
sound produced by the buzzer 294 or a light produced
by the indicator light 292.
[0096] The location module 206 may be a global posi-
tioning system (GPS) transceiver or another type of lo-
cation determination peripheral that may use, for exam-
ple, wireless network information for location determina-
tion. The sensors 204 may be one or more of: a temper-
ature sensor, a pressure sensor, an optical sensor, an
accelerometer, a gyroscope, or any other suitable sensor
indicating a condition pertaining to the asset 100 to which
the telematics device 200 is coupled.
[0097] The interface layer 210 includes an asset inter-
face 202 and a sensor interface 208. The sensor interface
208 is configured for receiving sensor data 205 and lo-
cation data 207 from the sensors 204 and the location
module 206, respectively. For example, the sensor inter-
face 208 interfaces with the location module 206 and with
the sensors 204 and receives both sensor data 205 and
location data 207, respectively, therefrom. The interface
layer 210 also includes an asset interface 202 to receive
asset data 112 from the asset 100. In the depicted em-
bodiment, the asset interface 202 is coupled to the inter-
face port 102 of the asset 100. In other embodiments
where the telematics device 200 is integrated into the
asset 100, the asset interface 202 may receive the asset
data 112 directly from the CAN bus 150. The asset data
112, received at the telematics device 200, from the asset
100 may be in the form of data messages, such as CAN
frames. Asset data 112 may describe one or more of any
of: a property, a state, and an operating condition of the
asset 100. For example, where the asset 100 is a vehicle,
the data may describe the speed at which the vehicle is
traveling, a state of the vehicle (off, idle, or running), or
an engine operating condition (e.g., engine oil tempera-
ture, engine RPM, or a battery voltage). In addition to
receiving the asset data 112, in some embodiments the
asset interface 202 may also receive power from the as-
set 100 via the interface port 102. The interface layer 210
is coupled to the controller 230 and provides the asset
data 112, sensor data 205, and location data 207 to the
controller 230.
[0098] The network interface 220 may include a cellu-
lar modem, such as an LTE-M modem, CAT-M modem,
other cellular modem, Wi-Fi modem, or any other com-
munication device configured for communication via the
network 50 with which to communicate with the telemat-
ics server 130. The network interface 220 may be used
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to transmit telematics data 212 obtained from the asset
100 to the telematics server 130 for a telematics service
or other purposes. The network interface 220 may also
be used to receive instructions from the telematics server
130 as to how to communicate with the asset 100.
[0099] In operation, an ECU 110, such as the ECU
110A, the ECU 110B, or the ECU 110C communicates
asset data over the CAN bus 150. Asset data exchanged,
between the ECUs 110, over the CAN bus 150 are ac-
cessible via the interface port 102 and may be retrieved
as asset data 112 by the telematics device 200. The con-
troller 230 of the telematics device receives the asset
data 112 via the asset interface 202. The controller 230
may also receive sensor data 205 from the sensor 204
and/or location data 207 from the location module 206
over the sensor interface 208. The controller 230 com-
bines the asset data 112 with sensor and location data
into telematics data 212. The controller 230 transmits the
telematics data 212 to the telematics server 130 over the
network 50 via the network interface 220.
[0100] In some embodiments, the telematics device
200 may process the asset data 112, sensor data 205,
and/or location data 207 locally. For example, the
telematics device 200 may process the cranking and de-
vice voltages provided as part of the asset data 112 in
order to determine an alternator undercharging condition
or an alternator overcharging condition. If an alert con-
dition is detected, the controller 230 may activate an alert-
ing device such as the indicator light 292, the buzzer 294,
or both.
[0101] Figure 11 is a block diagram of the telematics
server 130 including selected software modules which
perform the functions described in this disclosure. With
reference to Figure 11, the telematics server 130 has a
controller 330, a network interface 320 for connecting to
the network 50, and a non-transitory memory 340 for stor-
ing software modules. The non-transitory memory 340
contains software modules comprised of machine exe-
cutable instructions which when executed the controller
330 perform analysis of telematics data sent to the
telematics server 130 by the plurality of telematics de-
vices 200. For example, the non-transitory memory 340
is shown to contain an analysis module 370 and an alert
module 385. The analysis module 370 processes the as-
set data received at the telematics server 130, such as
cranking and device voltages. The alert module 385 may
send an alert indicating a particular condition detected
by processing the asset data. For example, the analysis
module 370 may detect an alternator undercharging con-
dition based on asset data received from a telematics
device coupled to a particular vehicle asset. The infor-
mation and analysis provided by the telematics server
130 may be accessible, over the network 50, for viewing
and inspection. The telematics server 130 may, for ex-
ample, provide a web interface 325 through which
telematics data gathered from one or more of the plurality
of assets 100, as well as analytics related to the telemat-
ics data may be accessed. Alternatively, or additionally,

the telematics server 130 may push telematics data and
analytics related to one or more assets 100 to one or
more electronic devices such as smartphones running a
mobile application. For example, the alert module 385
may push an alert message to a smartphone running a
mobile application to alert a fleet manager of an antici-
pated alternator undercharging condition on a vehicle as-
set.
[0102] The ECUs 110 on an asset may include a volt-
age-sensing ECU that periodically reads cranking and
device voltages and places the voltage values on the
asset’s shared bus, such as the CAN bus 150 of Figure
10. For example, with reference to Figure 12 which de-
picts components of a vehicle electrical system as shown
above with reference to Figures 3A-3C. The components
include the voltage-sensing device 106 described above.
Coupled to the voltage-sensing device 106, there is an
ECU 110. The ECU 110 directs the voltage-sensing de-
vice 106 to periodically read the voltage at the positive
battery terminal 62. The ECU 110 also places the read
information on the shared vehicle bus so it may be read
by a telematics device via the interface port 102.
[0103] Figure 13 is a flow chart of a method 1300 a
telematics device, the method for identifying a potential
alternator undercharging condition, in accordance with
embodiments of the present disclosure. At step 1302,
the telematics device receives a maximum cranking volt-
age and a maximum cranking voltage timestamp from
an asset interface, such as an asset interface of a motor
vehicle. At step 1304, the telematics device receives a
maximum device voltage and a maximum device voltage
timestamp from the asset interface. At step 1306, the
telematics device determines the duration between the
maximum cranking voltage timestamp and the maximum
device voltage timestamp. Since the maximum device
voltage timestamp is greater in value than the maximum
cranking voltage timestamp, the duration is computed by
subtracting the maximum cranking voltage timestamp
from the maximum device voltage timestamp. At step
1308, the telematics device compares the computed du-
ration with an undercharging indicator duration threshold.
For example, for certain vehicles the undercharging in-
dicator duration threshold may be 200 seconds, so the
telematics device compares the computed duration with
200 seconds. If the computed duration is greater than
the undercharging indicator duration threshold, then at
step 1310 the telematics device determines a potential
alternator undercharging condition. In some embodi-
ments, the method 1300 involves repeating the steps
1302, 1304 and 1306 and determining a potential alter-
nator undercharging condition if the condition at step
1308 is true at least once.
[0104] Figure 14 is a flow chart of a method 1400 by a
telematics device, the method for identifying a potential
alternator undercharging condition, in accordance with
other embodiments of the present disclosure. At step
1402, the telematics device receives a maximum crank-
ing voltage and a maximum cranking voltage timestamp
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from an asset interface, such as an asset interface of a
motor vehicle. At step 1404, the telematics device re-
ceives a maximum device voltage and a maximum device
voltage timestamp from the asset interface. At step 1406,
the telematics device sends the maximum cranking volt-
age, maximum cranking voltage timestamp, maximum
device voltage, and maximum device voltage timestamp
to a telematics server. In some embodiments, the steps
1402, 1404 and 1406 are repeated to provide the telemat-
ics server with multiple instances that it can use to de-
termine a potential alternator undercharging condition.
[0105] Figure 15 is a flow chart of a method 1500 by a
telematics server, the method for identifying a potential
alternator undercharging condition, in accordance with
further embodiments of the present disclosure. At step
1502, the telematics server receives a maximum crank-
ing voltage and a maximum cranking voltage timestamp
from a telematics device. At step 1504, the telematics
server receives a maximum device voltage and a maxi-
mum device voltage timestamp from the telematics de-
vice. At step 1506, the telematics server determines the
duration between the maximum cranking voltage times-
tamp and the maximum device voltage timestamp. Since
the maximum device voltage timestamp is greater in val-
ue than the maximum cranking voltage timestamp, the
duration is computed by subtracting the maximum crank-
ing voltage timestamp from the maximum device voltage
timestamp. At step 1508, the telematics server compares
the computed duration with an undercharging indicator
duration threshold. For example, for certain vehicles the
undercharging indicator duration threshold may be 200
seconds, so the telematics device compares the com-
puted duration with 200 seconds. If the computed dura-
tion is greater than the undercharging indicator duration
threshold, then at step 1510 the telematics server deter-
mines a potential alternator charging condition.
[0106] A telematics device 200 may be powered up
when the vehicle is turned on, in which case the telemat-
ics device 200 can monitor the vehicle’s operating con-
ditions and location while it is in motion. In this disclosure,
a vehicle is considered to be turned on when the ignition
is on, and the engine is running. For an internal combus-
tion engine, when the engine is running the alternator is
also running and generating electric power. Vehicles,
however, may undergo certain events or changes while
they are parked and while the ignition is off. In order to
capture such events, the telematics device 200 needs to
be powered-up. However, powering-up the telematics
device 200 continuously while the engine is off may drain
the vehicle’s battery since the alternator will not be run-
ning to charge the battery. Accordingly, the telematics
device 200 may implement a sleep-wake mechanism in
which the telematics device 200 remains in a sleep mode
most of the time and periodically wakes up to check cer-
tain engine operating conditions.
[0107] In sleep mode, the controller 230 may run with
a slow clock speed and some modules of the telematics
device 200 may be turned off such as the location module

206 and the network interface 220. Running the controller
230 with a slow clock speed (for example 32KHz instead
of 1MHz or 10MHz) reduces the electric power consumed
by the controller 230. Turning off the network interface
220 including, for example, a cellular modem reduces
the electric power consumption of the telematics device
200. Similarly, turning off the location module 206, such
as a GPS receiver also reduces the overall consumption
of the telematics device 200 while it is in sleep mode.
The telematics device 200, cannot monitor many of the
vehicle’s operating conditions or location while in sleep
mode. The controller 230, running at a slow clock speed,
cannot execute machine-executable programming in-
structions which can conduct the full functionality includ-
ing monitoring all asset data 112. Similarly, since the lo-
cation module 206 is turned off, the telematics device
200 cannot monitor any location change of the asset 100.
Furthermore, since the network interface 220 (or at least
the model component thereof) is turned off, the telemat-
ics device 200 cannot report any telematics data 212 to
the telematics server 130. The telematics device 200 thus
needs to wake up periodically to check the status of the
engine, the sensors, and the location module to deter-
mine if the vehicle’s conditions have changed.
[0108] The telematics device 200 may implement a
mechanism for waking up periodically. For example, the
controller 230 may have a periodic timer that may be
configured to run and expire periodically. The controller
230 may have an interrupt mechanism that generates an
interrupt event when the periodic timer expires. The con-
troller 230 may also be configured to wake up when an
interrupt event, such as the periodic timer interrupt event
takes place. In wakeup mode, the controller 230 runs at
a full clock speed and executes machine-executable pro-
gramming instructions which conduct the full functionality
of the telematics device 200. In the transition from a sleep
mode to a wakeup mode, the controller 230 may config-
ure a clock generator coupled thereto to switch from run-
ning at a slow clock frequency (such as 32KHz) to a faster
frequency (such as 1MHz or 10M Hz). Additionally, the
controller 230, in response to the interrupt event, may
generate output signals to power up the network interface
220, the location module 206, and any other components
which were powered down while in sleep mode. While in
wakeup mode the controller 230 may check the status
of the engine by checking the read asset data 112, may
check the sensor data 205 reported by some sensors
204, or check the location data 207 reported by the lo-
cation module 206.
[0109] Figure 16 is a graph that depicts a power-saving
scheme 1600 implemented by a telematics device 200.
The horizontal axis of the graph represents time, while
the vertical axis represents power consumption. Since
power is the product of voltage and current, the vertical
axis may also represent the current drawn by the telemat-
ics device since the supply voltage may be largely con-
stant. The graph depicts two main power consumption
levels. When the telematics device 200 is in sleep mode,
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the telematics device 200 consumes electric power at
the sleep power consumption level 1602. When the
telematics device 200 is in wakeup mode, the telematics
device 200 consumes electric power at the regular wake-
up power consumption level 1604. Figure 16 depicts
three regular wakeup events (hereinafter "regular wake-
ups") 1613A, 1613B, and 1613C. The regular wakeup
1613A has a wakeup duration 1612A, the regular wakeup
1613B has a wakeup duration 1612B, and the regular
wakeup 1613C has a wakeup duration 1612C. Each reg-
ular wakeup may be triggered by a periodic event such
as a periodic timer expiration interrupt.
[0110] At the wakeup time 1610A, the telematics de-
vice 200 transitions from sleep mode to wakeup mode.
Specifically, at the wakeup time 1610A, the telematics
device 200 enters the regular wakeup 1613A. The wake-
up time 1610A may be determined by the expiration of a
periodic timer. While in wakeup mode, such as while in
the regular wakeup 1613A, the controller 230 checks the
asset data 112, the sensor data 205, and the location
data 207 and may send updates over the network inter-
face 220 to the telematics server 130. At the sleep time
1614A the controller 230 puts the telematics device 200
back into sleep mode. The wakeup duration 1612B of
the regular wakeup 1613B begins at the wakeup time
1610B and ends at the sleep time 1614B. The wakeup
duration 1612C of the regular wakeup 1613C begins at
the wakeup time 1610A and ends at the sleep time
1614A. The wakeup duration 1612A of the regular wake-
up 1613A begins at the wakeup time 1610A and ends at
the sleep time 1614A. In some embodiments, the wakeup
duration 1612A depends on how long the controller 230
takes to check the asset data 112, the sensor data 205,
and the location data 207. The wakeup period 1615 is
the time between the start of the first wakeup and the
start of the next wakeup event. For example, the wakeup
period 1615 starts at the wakeup time 1610A and ends
at the wakeup time 1610B.
[0111] The period between a wakeup time 1610A and
a subsequent wakeup time such as 1615B is the wakeup
period of the periodic wakeup timer, which is designated
as the wakeup period 1615. As shown in Figure 16, the
wakeup period 1615A, the wakeup period 1615B, and
the wakeup period 1615C are equal and may be referred
to as the wakeup period 1615. Each wakeup period 1615
consists of a regular wakeup duration and a sleep dura-
tion 1616. The wakeup durations 1612A, 1612B, and
1612C are substantially equal, and may be referred to
as the regular wakeup duration 1612. Accordingly, the
sleep durations 1616A, 1616B, and 1616C are substan-
tially equal and may be referred to as the sleep duration
1616.
[0112] The average power consumption of the telemat-
ics device 200 is dependent on the ratio between the
regular wakeup duration 1612 and the sleep duration
1616 of a wakeup period 1615. If the regular wakeup
duration 1612 is largely fixed as it is the duration that
takes the controller 230 to check and assess the asset

data 112, sensor data 205, and location data 207, then
lowering the average power consumption for the telemat-
ics device 200 is accomplished by increasing the sleep
duration 1616, which entails increasing the wakeup pe-
riod 1615. Increasing the wakeup period 1615 may be
done by increasing the period of the wakeup timer. How-
ever, increasing the wakeup period 1615 (and accord-
ingly increasing the sleep duration 1616) may lead to
missing some events.
[0113] When the vehicle is off, the wakeup period 1615
may be relatively long such as every 60 seconds or 30
seconds. A power-saving scheme such as the power-
saving scheme 1600 may have a wakeup period of
100ms prior to detecting, by the telematics device 200,
of an ignition signal. During a sleep duration 1616, the
telematics device 200 is in sleep mode and cannot detect
events that are highly varying with time. An example of
such events is the voltage fluctuation exhibited by the
voltage during a cranking event, such as the one shown
in Figure 4. The telematics device 200 executes a power-
saving scheme 1600 until the vehicle has been turned
on, i.e., until an ignition signal has been detected. The
cranking event takes place before the telematics device
200 can detect an ignition signal. Therefore, the cranking
event voltages need to be detected while the telematics
device 200 is implementing a power-management
scheme. It is likely that a cranking event may take place
while the telematics device 200 is in a sleep duration
1616. To illustrate this problem, Figure 17 shows a por-
tion of the power-saving scheme 1600 of Figure 16 with
the voltage during the cranking even of Figure 4 overlaid
on top. As can be seen in Figure 17, the voltage variations
during the cranking event take place while the telematics
device 200 is in the sleep duration 1616A. As such, none
of the minimum cranking voltage 51, the maximum crank-
ing voltage 52 or even the initial device voltage 54 may
be detected or captured by the telematics device 200.
[0114] The present disclosure proposes a method and
system for detecting voltage during a cranking event. The
method aims to capture enough voltage readings during
the cranking event so as to determine critical voltages
such as the maximum cranking voltage, while keeping
the power consumption of the telematics device 200 at
an acceptable level. A power consumption of an accept-
able level is a power consumption which does not drain
the vehicle’s battery. The proposed method employs a
modified power scheme that captures voltage readings
at a frequency that is sufficient to detect the maximum
cranking voltage.
[0115] The method provided herein utilizes micro
wakeups in which the telematics device 200 performs
micro wakeups to capture some data for processing dur-
ing regular wakeups. During the micro wakeups, the
telematics device may capture sensor data 205 such as
motion data during the micro wakeups. The telematics
device 200 may also capture battery voltage from pins
of the interface port 102. For example, the telematics
device 200 may contain an analog to digital converter
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(ADC) that converts analog battery voltages detected on
power pins of the interface port into digital value. The
telematics device 200 powers up a limited number of pe-
ripherals during the micro wakeups. Accordingly, the
power consumption of the telematics device 200 during
the micro wakeups is significantly less than the power
consumption of the telematics device 200 during regular
wakeups. For example, with reference to Figure 18, there
is shown a power management scheme 1800 implement-
ing a wakeup and sleep regime utilizing micro wakeups
in the sleep duration between two regular wakeups
1613A and 1613B. The wakeup period 1615 shown may
be 100ms as mentioned above. Figure 18 shows a plu-
rality of what is referred to as micro wakeups 1633 each
having a micro wakeup duration 1632. The micro wake-
ups 1633 involve powering up a limited number of pe-
ripherals in the telematics device 200 such that certain
data can be gathered and cached (buffered). According-
ly, the micro wakeups 1633 consume significantly less
power than regular wakeups. For capturing cranking volt-
age values, the micro wakeups 1633 involve the control-
ler 230 getting out of slow clocking mode and polling the
power pins of the interface port 102 for voltage values.
Once a voltage reading is obtained, the voltage reading
is stored in a voltage data buffer in the memory 240 of
the telematics device 200.
[0116] In Figure 8, nine micro wakeup durations are
shown between the regular wakeups 1613A and 1613B.
In other words, every 10th micro wakeup is a regular
wakeup. The power consumption of the telematics device
200 during the micro wakeups is shown as the micro
wakeup power consumption level 1606, which is higher
than the sleep power consumption level 1602 but still
significantly lower than the regular wakeup power con-
sumption level 1604. Accordingly, the micro wakeups do
not drain the vehicle battery at the same rate as regular
wakeups would.
[0117] When a cranking event is concluded and the
vehicle is turned on, the vehicle is in normal operation
as discussed above. When the vehicle is in normal op-
eration, i.e., the alternator is running and charging the
battery, then the telematics device exits the power-saving
scheme and is fully on. When the telematics device 200
is fully on, the voltage readings captured and buffered
during the cranking event may be retried and sent over
the network interface 220 to the telematics server. Figure
19 shows the voltage fluctuations encountered during a
cranking event, superimposed on the power-saving
scheme 1600. As can be seen from Figure 19, the crank-
ing voltage may be sampled at every micro wakeup 1633.
As a result, most relevant cranking voltages are captured.
This includes the initial cranking voltage 49, the minimum
cranking voltage 51, and the maximum cranking voltage
52. The initial device voltage 54 is also captured. As
shown in Figure 19, the telematics device 200 remains
in fully powered mode when the vehicle exits the cranking
event.
[0118] Figure 20 depicts a method 2000, by a telemat-

ics device, for determining a potential alternator charging
condition in accordance with embodiments of the present
disclosure.
[0119] At step 2010, the telematics device 200 enters
sleep mode. This may refer to exiting a regular wakeup,
such as the regular wakeup 1613A and entering into
sleep mode for a sleep duration 1616.
[0120] At step 2020, the telematics device 200 per-
forms a plurality of micro wakeups, such as the micro
wakeups 1633, during the sleep duration 1616.
[0121] At step 2030, the telematics device captures a
first plurality of voltage values corresponding to the micro
wakeups. For example, with reference to Figure 19, dur-
ing each of the micro wakeups 1633, the telematics de-
vice 200 performs a voltage measurement. With refer-
ence to the cranking voltage values, the voltage readings
during the micro wakeups 1633 are able to capture most
of the important voltage values during the cranking event.
For example, in the depicted example, the initial cranking
voltage 49 is captured in the second micro wakeup
1633B. The minimum cranking voltage 51, or a value
closer thereto, is captured during the third micro wakeup
1633C. The maximum cranking voltage 52 takes place
between the two micro wakeups 1633G and 1633H. Ac-
cordingly, the maximum cranking voltage 52 may be de-
termined as the higher of the two readings taken at the
micro wakeup 1633G and the micro wakeup 1633H.
[0122] At step 2040, the telematics device 200 may
perform a regular wakeup 1613B, which is similar to the
regular wakeup 1613A.
[0123] At step 2050, the telematics device 200 checks
for an ignition signal. Checking for an ignition signal may
involve examining one or more messages on the CAN
bus 150. If no ignition signal is detected, then the regular
wakeup 1613B ends and control goes back to step 2010
wherein the telematics device 200 enters into sleep mode
again. If, however, an ignition signal is detected then con-
trol goes to step 2060.
[0124] At step 2060, the telematics device extends the
regular wakeup 1613B and remains in fully powered
mode, as shown in Figure 19. This is due to the fact that
the vehicle is on and is capable of powering the telematics
device 200. Additionally, now that the vehicle is on, more
asset data 112 from the engine will be sent to the telemat-
ics device 200 over the interface port 102. The asset data
112 is available at a rate that requires that the telematics
device 200 be fully powered to process the asset data
112.
[0125] At step 2070, the telematics device 200 has de-
termined, based on the ignition signal detected at step
2050, that the cranking event has been concluded. Ac-
cordingly, the telematics device 200 determines that the
first plurality of voltage values captured during the micro
wakeups comprise a plurality of cranking voltage values.
The telematics device 200 determines a maximum crank-
ing voltage 52 and a corresponding maximum cranking
voltage timestamp from the first plurality of voltage val-
ues.
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[0126] At step 2080, the telematics device 200 has de-
termined that the cranking event has been concluded.
Accordingly, voltage readings at the battery terminals
taken subsequent to the cranking event comprise device
voltages. The telematics device 200 captures a second
plurality of voltage values at the battery terminals. In
some embodiments, the telematics device 200 captures
device voltage values in a periodic manner as long as
the vehicle is on, i.e., the ignition is on. In some embod-
iments, the telematics device captures device voltage
values in a periodic manner at a first frequency when the
ignition is on, and at a second frequency when the engine
is running (i.e., the RPM is > 0). The second plurality of
voltage values may comprise a plurality of values cap-
tured within a predetermined duration of the conclusion
of the cranking event. For example, with reference to
Figure 8, it can be seen that the undercharging events
take place under 8 minutes. Most undercharging events
take place in the first 4 minutes since the beginning of
cranking. As such, the second plurality of voltage values
may be the voltage values captured since the conclusion
of the cranking event and for a predetermined duration.
[0127] At step 2090, the telematics device 200 deter-
mines a maximum device voltage and a corresponding
maximum device voltage timestamp from the second plu-
rality of voltage values. For example, the telematics de-
vice 200 may compare the values of the voltages in the
second plurality of voltage values, and select the maxi-
mum voltage value as the maximum device voltage. The
time at which the maximum device voltage was captured
is the corresponding maximum device voltage times-
tamp.
[0128] At step 2092, the telematics device 200 deter-
mines the duration between the maximum cranking volt-
age and the maximum device voltage. For example, the
telematics device 200 may subtract the maximum crank-
ing voltage timestamp from the maximum device voltage
timestamp to obtain the duration therebetween. If the du-
ration between the maximum cranking voltage and the
maximum device voltage exceeds an undercharging in-
dicator duration threshold, the telematics device 200 de-
termines a potential alternator undercharging condition.
[0129] The power-saving scheme shown in Figure 17
may have a wakeup period 1615 that is of the order of
several seconds, such as 10 seconds or 30 seconds. A
typical cranking event may last approximately 5 to 10
seconds. Therefore, as shown in Figure 17, the cranking
events may be missed. The implementation of micro-
wakeups as shown in Figure 19 addresses the problem.
However, at a slow wakeup period of 10 seconds for a
cranking event that may last 10 seconds, the number of
voltage readings gathered may be quite large. For ex-
ample, if the micro wakeups are every 10ms, there will
be 100 readings per second. For a cranking event that
lasts 10 seconds, there may be 1000 readings. In some
cases, the determination of whether an undercharging
event has taken place may need to be performed at the
telematics server 130. One reason for that is that is for

keeping the data stored in the telematics database 135
for use in other analytics. Another reason is to use the
data to try different scenarios. Sending one thousand
voltage readings at one point may be excessive and slow.
[0130] A regular wakeup period 1615 of several sec-
onds is inadequate for some events that need to be de-
tected while a vehicle is off, such as sensor data 205.
Accordingly, some telematics devices 200 may have a
regular wakeup period of 100ms, or a wakeup frequency
of 10Hz. Another telematics device 200 may have a reg-
ular wakeup duration of 1 second. This is illustrated in
Figure 21 in relation to cranking and post-cranking volt-
age. In Figure 21, there are shown 7 regular wakeups
1613A, 1613B, 1613C, 1613D, 1613E, and 1613F. Each
of the regular wakeups 1613 has a wakeup period of
1615. In the depicted example the wakeup period 1615
may be 1 second. The cranking event may take 5 sec-
onds. Accordingly, in the depicted embodiment, the
telematics device 200 may gather five voltage readings
during the cranking events. At each regular wakeup
1613, the telematics device 200 sends the cranking volt-
age reading to the telematics server 130. As shown, the
gathered voltage readings do not include the minimum
cranking voltage 51 or the maximum cranking voltage
52. Accordingly, important cranking voltage values are
missed. The inventors have reduced the wakeup period
1615 to 100ms, i.e., used a wakeup frequency of 10Hz.
While the gathered voltage readings have improved in
accuracy, it has been found that a frequency of 10Hz is
still insufficient to account for the variability in the voltage
during a cranking event, and some values such as the
minimum cranking voltage 51 and the maximum cranking
voltage 52 were not captured. Reducing the regular
wakeup period 1615 further would create a number of
problems. Firstly, the average power consumption of the
telematics device 200 would increase. Secondly, power-
ing up the network interface 220, which is generally a
cellular modem, and connecting to a network 50 takes
more than 10ms. Accordingly, a micro wakeup scheme
in which the voltage values are read and buffered, then
sent over to the server 130 during regular wakeups 1613
is proposed as shown in Figure 22.
[0131] Figure 22 depicts a power-saving scheme that
implements regular wakeups 1613 at a frequency of
around 10Hz and micro wakeups 1633 with a frequency
of around 100Hz. Voltage readings gathered during the
micro wakeups 1633 are buffered on the telematics de-
vice 200, for example in the memory 240. During regular
wakeups 1613, the telematics device 200 sends the buff-
ered voltage readings, captured during the micro wake-
ups, to the telematics server 130. In the depicted embod-
iment, the minimum cranking voltage 51 is captured
among the many voltage readings captured during the
micro wakeups 1633 between the regular wakeup
11613B and 1613C. The voltage readings captured be-
tween the regular wakeup 1613B and the regular wakeup
1613C are sent to the telematics server during the regular
wakeup 1613C. Similarly, the maximum cranking voltage
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52 is among the voltage readings captured during the
micro wakeups that take place between the regular wake-
up 1613D and the regular wakeup 1613E. The voltage
readings captured during the micro wakeups that take
place between the regular wakeup 1613D and the regular
wakeup 1613E are sent by the telematics device 200 to
the telematics server 130 during the regular wakeup
1613C.
[0132] The telematics server 130 receives the voltage
readings during the regular wakeups 1613. The telemat-
ics server 130 buffers the voltage readings until an igni-
tion event is detected, discarding older values. The
telematics server 130 may discard voltage readings cap-
tured for more than a duration typical of a cranking event.
For example, the telematics server 130 may retain data
voltage readings captured in the 10 seconds prior to the
ignition event and discard any earlier events. The
telematics server 130 analyzes the voltage readings in
the duration prior to an ignition signal to determine the
minimum cranking voltage 51 and the maximum cranking
voltage 52.
[0133] Upon detection of an ignition signal, the telemat-
ics device 200 extends a regular wakeup, such as the
regular wakeup 1613F and continues to capture voltage
readings and sends them to the telematics server 130.
The telematics server 130 determines the maximum de-
vice voltage 56. Subsequent to that the telematics server
130 determines the difference between the timestamp of
the maximum cranking voltage 52 and the maximum de-
vice voltage 56. Based on the duration between the max-
imum cranking voltage 52 and the maximum device volt-
age 56, the telematics server 130 determines whether
the alternator is undercharging the battery.
[0134] Figure 23 is a message sequence diagram il-
lustrating a method 2500 by a telematics system includ-
ing a telematics device 200 and a telematics server 130,
in accordance with embodiments of the present disclo-
sure.
[0135] At step 2502 the telematics device 200 captures
and buffers voltage readings during micro wakeups 1633.
[0136] At step 2504, the telematics device 200 sends
the buffered voltage readings during a regular wakeup
1613. The steps 2502 may be repeated to capture more
than one plurality of voltage readings between two suc-
cessive regular wakeups.
[0137] At step 2506, the telematics server 130 saves
the voltage readings received from the telematics device.
The voltage readings comprise at least one plurality of
voltage readings captured during micro wakeups 1633
between a first regular wakeup and a second regular
wakeup. The at least one plurality of voltage readings
may comprise more than one plurality of voltage readings
each captured during micro wakeups between a first reg-
ular wakeup and a second regular wakeup subsequent
to the first regular wakeup. For example, the more the at
least one plurality of voltage readings may comprise: the
plurality of voltage readings captured during the micro
wakeups 1633 between the first regular wakeup 1613A

and the second regular wakeup 1613B, the plurality of
voltage readings captured during the micro wakeups
1633 between the second regular wakeup 1613B and
the third regular wakeup 1613C, and so on.
[0138] At step 2506, the telematics server 130 saves
the at least one plurality of voltage readings. The telemat-
ics server 130 may save the at least one plurality of volt-
age readings into memory, persistent storage, or the
telematics database 135.
[0139] The steps 2502, 2504, and 2506 are repeated.
If the telematics device 200 detects an ignition signal
from the vehicle to which it is coupled, then the steps
2508, 2510, 2512, and 2514 are executed. Conversely,
if no ignition signal is detected, then the step 2516 is
executed.
[0140] At step 2508, the telematics device 200 sends
the ignition signal indicator to the telematics server 130.
[0141] At step 2510, and in response to receiving the
ignition signal indicator, the telematics server 130 deter-
mines the maximum cranking voltage from the buffered
voltage readings. Knowing that the cranking event takes
place before the ignition signal, the telematics server 130
examines the stored at least one plurality of voltage read-
ings captured in the preceding cranking duration. For ex-
ample, if it is estimated that a cranking event lasts 5 to
10 seconds, the telematics server 130 examines the at
least one plurality of voltage readings captured in the
preceding 10 seconds. The telematics server 130 des-
ignates the highest voltage reading during the cranking
duration as the maximum cranking voltage.
[0142] At step 2510, the telematics device 200 sends
a plurality of device voltage readings to the telematics
server 130.
[0143] At step 2514, the telematics server 130 deter-
mines a maximum device voltage from the plurality of
device voltage readings. Determining the maximum de-
vice voltage may be done over a period of time, such as
5 minutes or 10 minutes. For example, as shown in Figure
8, most undercharging events take place under 10 min-
utes. Therefore, the telematics server 130 examines de-
vice voltage readings for up to 10 minutes since receiving
the ignition signal. The maximum device voltage of the
plurality of device voltage readings in the period of time
since the ignition signal was received is designated as
the maximum device voltage.
[0144] Subsequent to step 2514, the telematics server
130 may perform steps 1508 and 1510 of Figure 15, the
description of which is not duplicated here for brevity.
[0145] Step 2516 is executed if no ignition signal is
received from the telematics device 200. At step 2516,
the telematics server 130 discards a plurality of voltage
readings captured more than a duration of cranking event
ago. For example, if the cranking event lasts 10 seconds,
then in the absence of an ignition event, the telematics
server 130 removes all voltage readings older than 10
seconds.
[0146] It should be recognized that features and as-
pects of the examples provided above can be combined
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without departing from the scope of the invention, as de-
fined in the appended claims.

Claims

1. A method by a telematics device, the method for pre-
dicting an alternator failure in a motor vehicle, the
method comprising:

entering into a sleep mode, then performing a
plurality of micro wakeups during the sleep
mode;
capturing a first plurality of voltage values cor-
responding to the plurality of micro wakeups;
waking up from the sleep mode and checking
for an ignition signal;
if the ignition signal is detected:

determining a maximum cranking voltage
and a maximum cranking voltage times-
tamp from the first plurality of voltage val-
ues;
capturing a second plurality of voltage val-
ues;
determining a maximum device voltage and
a maximum device voltage timestamp from
the second plurality of voltage values; and
determining a potential alternator under-
charging condition if a duration between the
maximum cranking voltage timestamp and
the maximum device voltage timestamp is
greater than an undercharging indicator du-
ration threshold.

2. The method of claim 1, wherein performing the plu-
rality of micro wakeups comprises powering up a lim-
ited number of peripherals of the telematics device.

3. The method of claim 1, wherein capturing the first
plurality of voltage values comprises measuring a
voltage at a battery terminal of the motor vehicle in
each micro wakeup of the plurality of micro wakeups.

4. The method of claim 1, wherein waking up from the
sleep mode comprises powering up most peripher-
als of the telematics device.

5. The method of claim 1, wherein checking for the ig-
nition signal comprises checking for one or more
messages received over an interface port of the mo-
tor vehicle indicating that ignition is turned on in the
motor vehicle.

6. The method of claim 1, wherein determining the max-
imum cranking voltage and the maximum cranking
voltage timestamp from the first plurality of voltage
values comprises:

determining a maximum voltage value of the first
plurality of voltage values; and
determining a corresponding maximum voltage
value timestamp.

7. The method of claim 1, wherein capturing the second
plurality of voltage values comprises measuring a
voltage at a battery terminal of the motor vehicle sub-
sequent to receiving the ignition signal.

8. The method of claim 1, wherein capturing the second
plurality of voltage values is done for a predeter-
mined duration after detecting the ignition signal.

9. The method of claim 1, wherein determining the max-
imum device voltage and the maximum device volt-
age timestamp from the second plurality of voltage
values comprises:

determining a maximum voltage value of the
second plurality of voltage values; and
determining a corresponding maximum voltage
value timestamp.

10. The method of claim 1, wherein the undercharging
indicator duration threshold is 200 seconds.

11. A telematics device coupled to a motor vehicle, the
telematics device comprising:

a controller;
an asset interface coupled to the controller; and
a memory storing machine-executable instruc-
tions which, when executed by the controller,
configure the telematics device to perform the
method of any one of claims 1 to 10.

Patentansprüche

1. Verfahren für eine Telematikvorrichtung, wobei das
Verfahren zur Vorhersage einer Lichtmaschinenstö-
rung in einem Kraftfahrzeug bestimmt ist, wobei das
Verfahren umfasst:

Eintreten in einen Schlafmodus und dann
Durchführen einer Mehrzahl von Mikro-Auf-
weckvorgängen während des Schlafmodus;
Erfassen einer ersten Mehrzahl von Span-
nungswerten, die der Mehrzahl von Mikro-Auf-
weckvorgängen entsprechen;
Aufwachen aus dem Schlafmodus und Prüfen
auf ein Zündsignal;
wenn das Zündsignal detektiert wird:

Bestimmen einer maximalen Anlassspan-
nung und eines Zeitstempels für die maxi-
male Anlassspannung aus der ersten Mehr-
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zahl von Spannungswerten;
Erfassen einer zweiten Mehrzahl von Span-
nungswerten;
Bestimmen einer maximalen Vorrichtungs-
spannung und eines Zeitstempels für die
maximale Vorrichtungsspannung aus der
zweiten Mehrzahl von Spannungswerten
und
Bestimmen eines potenziellen Unterla-
dungszustands der Lichtmaschine, wenn
eine Dauer zwischen dem Zeitstempel für
die maximale Anlassspannung und dem
Zeitstempel für die maximale Vorrichtungs-
spannung über einem Schwellenwert für die
Dauer des Indikators für die Unterladung
liegt.

2. Verfahren nach Anspruch 1, wobei die Durchführung
der Mehrzahl von Mikro-Aufweckvorgängen ein In-
betriebsetzen einer begrenzten Anzahl von Periphe-
rievorrichtungen der Telematikvorrichtung umfasst.

3. Verfahren nach Anspruch 1, wobei das Erfassen der
ersten Mehrzahl von Spannungswerten das Messen
einer Spannung an einem Batteriepol des Kraftfahr-
zeugs bei jedem Mikro-Aufweckvorgang der Mehr-
zahl von Mikro-Aufweckvorgängen umfasst.

4. Verfahren nach Anspruch 1, wobei das Aufwachen
aus dem Schlafmodus ein Inbetriebsetzen der meis-
ten Peripherievorrichtungen der Telematikvorrich-
tung umfasst.

5. Verfahren nach Anspruch 1, wobei das Prüfen auf
das Zündsignal ein Prüfen auf eine oder mehrere
Nachrichten umfasst, die über einen Schnittstellen-
anschluss des Kraftfahrzeugs empfangen werden
und anzeigen, dass die Zündung im Kraftfahrzeug
eingeschaltet ist.

6. Verfahren nach Anspruch 1, wobei das Bestimmen
der maximalen Anlassspannung und des Zeitstem-
pels für die maximale Anlassspannung aus der ers-
ten Mehrzahl von Spannungswerten Folgendes um-
fasst:

Bestimmen eines maximalen Spannungswerts
der ersten Mehrzahl von Spannungswerten und
Bestimmen eines entsprechenden Zeitstempels
für den maximalen Spannungswert.

7. Verfahren nach Anspruch 1, wobei das Erfassen der-
zweiten Mehrzahl von Spannungswerten ein Mes-
sen einer Spannung an einem Batteriepol des Kraft-
fahrzeugs nach dem Empfang des Zündsignals um-
fasst.

8. Verfahren nach Anspruch 1, wobei das Erfassen der-

zweiten Mehrzahl von Spannungswerten für eine
vorbestimmte Dauer nach dem Detektieren des
Zündsignals erfolgt.

9. Verfahren nach Anspruch 1, wobei das Bestimmen
der maximalen Vorrichtungsspannung und des Zeit-
stempels der maximalen Vorrichtungsspannung aus
der zweiten Mehrzahl von Spannungswerten Fol-
gendes umfasst:

Bestimmen eines maximalen Spannungswertes
der zweiten Mehrzahl von Spannungswerten
und
Bestimmen eines entsprechenden Zeitstempels
für den maximalen Spannungswert.

10. Verfahren nach Anspruch 1, wobei der Schwellen-
wert für die Dauer des Indikators für die Unterladung
200 Sekunden beträgt.

11. Telematikvorrichtung, die mit einem Kraftfahrzeug
gekoppelt ist, wobei die Telematikvorrichtung Fol-
gendes umfasst:

eine Steuereinheit;
eine mit der Steuereinheit gekoppelte Asset-
Schnittstelle und
einen Speicher, der maschinenausführbare An-
weisungen speichert, die, wenn sie von der
Steuereinheit ausgeführt werden, die Telema-
tikvorrichtung so konfigurieren, dass sie das
Verfahren nach einem der Ansprüche 1 bis 10
durchführt.

Revendications

1. Méthode par un système télématique, la méthode
étant destinée à prédire une panne d’alternateur
dans un véhicule motorisé, la méthode comprenant :

l’entrée dans un mode de veille, puis la réalisa-
tion d’une pluralité de micro-réveils pendant le
mode de veille ;
la capture d’une première pluralité de valeurs
de tension correspondant à la pluralité de micro-
réveils;
la sortie du mode veille et la détection d’un signal
d’allumage;
si le signal d’allumage est détecté :

la détermination d’une tension de démarra-
ge maximum et d’un horodatage de tension
de démarrage maximum à partir de la pre-
mière pluralité de valeurs de tension ;
la capture d’une seconde pluralité de va-
leurs de tension ;
la détermination d’une valeur de tension
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maximum et d’un horodatage de tension de
dispositif maximum à partir de la seconde
pluralité de valeurs de tension ; et
la détermination d’une condition potentielle
de sous-charge d’alternateur si une durée
entre l’horodatage de tension de démarrage
maximum et l’horodatage de tension de dis-
positif maximum est supérieure à un seuil
de durée indicateur de sous-charge.

2. Méthode selon la revendication 1, dans laquelle la
réalisation de la pluralité de micro-réveils comprend
la mise sous tension d’un nombre limité de périphé-
riques du dispositif télématique.

3. Méthode selon la revendication 1, dans laquelle la
capture de la première pluralité de lectures de ten-
sion comprend la mesure d’une tension sur une bor-
ne de batterie du véhicule motorisé dans chaque mi-
cro-réveil de la pluralité de micro-réveils.

4. Méthode selon la revendication 1, dans laquelle la
sortie du mode de veille comprend la mise sous ten-
sion de la plupart des périphériques du dispositif té-
lématique.

5. Méthode selon la revendication 1, dans laquelle la
vérification du signal d’allumage comprend la vérifi-
cation d’un ou de plusieurs messages reçus via un
port d’interface du véhicule motorisé indiquant que
l’allumage est activé dans le véhicule motorisé.

6. Méthode selon la revendication 1, dans laquelle la
détermination de la tension de démarrage maximum
et de l’horodatage de tension de démarrage maxi-
mum à partir de la première pluralité de valeurs de
tension comprend :

la détermination d’une valeur de tension maxi-
mum de la première pluralité de valeurs de
tension ; et
la détermination d’un horodatage correspon-
dant de valeur de tension maximum.

7. Méthode selon la revendication 1, dans laquelle la
capture de la seconde pluralité de valeurs de tension
comprend la mesure d’une tension sur une borne de
batterie du véhicule motorisé ultérieurement à la ré-
ception du signal d’allumage.

8. Méthode selon la revendication 1, dans laquelle la
capture de la seconde pluralité de valeurs de tension
est réalisée pendant une durée prédéterminée après
la détection du signal d’allumage.

9. Méthode selon la revendication 1, dans laquelle la
détermination de la tension de dispositif maximum
et de l’horodatage de tension de dispositif maximum

à partir de la seconde pluralité de lectures de tension
comprend :

la détermination d’une valeur de tension maxi-
mum de la seconde pluralité de lectures de
tension ; et
la détermination d’un horodatage correspon-
dant de valeur de tension maximum.

10. Méthode selon la revendication 1, dans laquelle le
seuil de durée d’indicateur en sous-charge est de
200 secondes.

11. Dispositif télématique couplé à un véhicule motorisé,
le dispositif télématique comprenant :

un contrôleur;
une interface de ressources couplée au contrô-
leur; et
une mémoire stockant des instructions exécu-
tables par machine qui, lorsqu’elles sont exécu-
tées par le contrôleur, configurent le dispositif
télématique afin qu’il réalise la méthode selon
une quelconque des revendications 1 à 10.
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